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1. In vivo viability of a polyclonal
ovine antibody fab fragment as a
countermeasure against ricin toxicity

Zainab Bascala, Aled Griffithsa, Christon Hillb and
Suzanne Wardb
aProtherics UK Ltd; bBTG International Inc

Background: Ricin is a plant-derived toxin isolated from seeds of
the castor oil plant Ricinus communis and is rated by the United
States Centers for Disease Control and Prevention as a category
B bioterrorism agent. Death from ricin poisoning can occur
within 36–72hours of exposure and there is currently no
approved therapy for ricin intoxication. A polyclonal ovine anti-
body Fab (PR022) has been developed by immunising sheep
with a Ricinus communis-derived protein and purified using a
polyclonal ovine antibody platform currently used to manufac-
ture two commercial therapeutics; crotalidae polyvalent immune
Fab (ovine) (CroFabV

R

) and digoxin immune Fab (ovine) (DigiFab).
This current study was conducted to establish if an antibody
fragment generated using a polyclonal ovine antibody platform
can demonstrate a strong neutralising effect in an animal model.
Methods: LD50 ricin murine models were established at two dif-
ferent contract research organizations using two different ricin
batches. Neutralization studies of ricin preincubated for
30minutes with varying doses of PR022 and administered by the
intraperitoneal (IP) route were conducted. In the first study, eight
groups of Swiss Webster mice were exposed to either vehicle
alone, PR022 alone, ricin alone, or five different doses of PR022
preincubated with ricin via the IP route. Mice were observed for
weight change and mortality over a 4-day period. In the second
study, two experiments of six groups of BALB/c mice were
treated with vehicle alone, or a total of 7 different doses of
PR022 across two different experiments preincubated with ricin
via the IP route. Body weight, clinical observations, and survival
was monitored over a 14-day study period.
Results: Animals challenged with PR022 alone did not display
any adverse clinical signs, minimal weight loss and overall weight
gain by 96hours. None of the mice in the first study exposed to
all but the lowest dose of PR022 preincubated for 30minutes
with ricin succumbed to the challenge. Some animals displayed
weight loss and clinical signs, but these were less severe than in
the ricin alone animals and mostly reversed by end of study. In
the second study, PR022 preincubated with ricin prior to IP
administration appeared efficacious in a dose-dependent manner
as evidenced by improved survival rates, decreased incidence
and severity of toxic signs and presentation of body weight loss
following ricin challenge.
Conclusions: Compared to ricin only controls, PR022 incubated
with ricin prior to IP administration appeared efficacious in a
dose-dependent manner. Overall, PR022 appeared well tolerated

and proved efficacious at neutralizing ricin toxicity in two differ-
ent IP mouse ricin models. This study shows the potential of the
ovine platform as a scalable and viable solution to the lack of
medical countermeasures to ricin toxicity.
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2. Efficacy of sodium tetrathionate
when administered intramuscularly
for the treatment of acute oral
cyanide toxicity in a swine model
(Sus scrofa)

Brooke Lajeunessea, Jae Hyek Choib, Madelaine
Paredesb, Kaysie Sachsb, Dylan Rodriguezb, Maria
Castanedac, Ryley Zapienb, Heang Sundermannb,
Joseph Maddryb, Vikhyat Bebartad and Patrick Ngc
aDepartment of Emergency Medicine, San Antonio Military
Medical Center, USA; bClinical Resuscitation, Emergency Science,
Triage & Toxicology 59th Medical Wing, Science & Technology;
c59th Medical Wing, Science & Technology Unit, United States Air
Force En route Care Research Center; dDepartment of Emergency
Medicine, Center for COMBAT Research, University of Colorado
School of Medicine

Background: Cyanide (CN) has the potential to be weaponized
by terrorist groups in deadly chemical attacks, as CN can be eas-
ily stored and readily accessible to contaminate food and water
supplies. Currently, there are no FDA approved antidotes specific
to oral CN. Although there are antidotes available for inhaled CN,
these are expensive, resource intensive, and time consuming. For
example, hydroxocobalamin requires intravenous (IV) access and
administration in high volumes thus limiting its use in a mass
casualty, battlefield setting. This gap could be filled by adminis-
tration of a low volume intramuscularly administered (IM) coun-
termeasure. Such countermeasure would have more practical
applicability in mass casualty prehospital, and warfare settings.
Sodium tetrathionate has been studied as an IM countermeasure
against IV cyanide toxicity in a swine model. In contrast to IV
cyanide, oral exposures to cyanide can lead to more severe, pro-
longed toxicity as the stomach can serve as a reservoir for cyan-
ide after ingestion. In this study, we evaluated the efficacy of IM
administration of sodium tetrathionate in a swine model of oral
cyanide toxicity to analyze survival compared to untreated swine.
Methods: Anesthetized Yorkshire swine (n ¼ 10), weighing
45–55 kg were randomized into a non-treated control group
(CTR, n ¼ 4) or an IM sodium tetrathionate-treated group (n ¼

6). All animals received 8mg/kg of oral CN. The treatment group
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received 10mL of sodium tetrathionate (2M stock, with an aver-
age dose of 124mg/kg) intramuscularly 5minutes post-CN tox-
icity. All animals were observed until death criteria or study end
(120-minutes post-oral CN administration). Continuous hemo-
dynamics, blood chemistries, and ABGs were recorded thorough
the study for statistical analyses.
Results: There was 100% survival in the treatment group com-
pared to 0% survival in the CTR group at 120minutes
(P< 0.0011). CTR animals had an average time of death of
35±8minutes and average time to apnea of 10±1.3minutes.
Lactate concentrations were significantly lower in the treatment
group (2.1 ± 0.5mM) compared to CTR (5.0 ± 0.9mM; P < 0.02), at
20minutes. There was a significant difference in pO2 levels
(mmHg) between CTR (41±5) and sodium tetrathionate (95 ± 4)
(P< 0.0008). Heart rate, cardiac output, and venous oxygen satur-
ation (SVO2) were also improved in sodium tetrathionate treated
animals compared to CTR.
Conclusions: Treatment with IM sodium tetrathionate improved
survival in animals exposed to a lethal dose of oral cyanide when
compared to control animals. Sodium tetrathionate may be an
effective countermeasure for military and civilian populations
who have been exposed to cyanide. Future studies are needed
to assess the feasibility of this compound as a potential medical
countermeasure for cyanide toxicity.
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3. Plasma levels of CXCL14 are an
early prognostic biomarker for poor
outcome in acetaminophen overdose
patients

Hartmut Jaeschkea, Nga Nguyena, David Umbaugha,
Anup Ramachandrana and Steven Curryb
aUniversity of Kansas Medical Center; bUniversity of Arizona
College of Medicine-Phoenix

Background: Acetaminophen (APAP) overdose is the main cause
of acute liver failure (ALF) in Western countries. While early pre-
senting patients can be effectively treated with N-acetylcysteine,
late presenting patients are at high risk for ALF and potentially
death without a liver transplant. Plasma ALT activities only repre-
sent acute liver cell death but cannot differentiate between
patients who will recover and those who develop ALF. Therefore,
the objective of this investigation was to assess the potential of
CXCL14 as a predictive biomarker for negative outcome after
APAP-induced liver injury.
Methods: Serial blood samples were collected from consenting
APAP overdose patients over several days after admission to the

hospital. Plasma levels of CXCL14 were measured by ELISA in
three groups of patients: no liver injury (< 100U/L ALT; n ¼ 7),
severe liver injury (> 1,000U/L) and survivors (n ¼ 29) and non-
survivors (n¼ 16).
Results: Plasma levels of CXCL14 were elevated in survivors on
the first day (2,215±303pg/mL) compared to overdose patients
who did not develop liver injury (635± 125pg/ml) but were
reduced significantly by Day 3 (1,200±133pg/ml). In contrast,
CXCL14 levels were significantly elevated in the non-survivors
(Day 1: 5,900±1,400; Day 3: 8,400±2,500pg/ml) compared to
survivors over time. There was no significant difference in peak
plasma ALT activities between survivors and non-survivors.
Receiver-Operating Characteristic (ROC) Analysis indicated that
CXCL14 levels on all three days had a high capacity to predict
death with 100% sensitivity: Day 1 (AUC 0.812, P ¼ 0.0044), Day
2 (AUC 0.968, P< 0.0001), Day 3 (AUC 1.0, P< 0.0001). In con-
trast, there was no significant correlation between ALT and
CXCL14 levels (r2 ¼ 0.013, P ¼ 0.136) or bilirubin and CXCL14
levels (r2 ¼ 0.0013, P ¼ 0.655). Evaluation of an independent val-
idation cohort of patients is in progress. To assess if CXCL14 is
generated in the liver, CXCL14 was measured in an explant from
an APAP overdose patient. Compared to control livers, the APAP
overdose liver showed increased CXCL14 protein levels by west-
ern blotting and by immunohistochemistry in hepatocytes.
Conclusions: Hepatocyte-derived CXCL14 is significantly elevated
in plasma of non-surviving APAP overdose patients compared to
survivors with similar peak ALT values. Thus, plasma CXCL14 lev-
els 1-2 days after peak of injury are a highly effective early
prognostic biomarker to predict negative outcome after severe
APAP-induced liver injury.
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4. Honey and jam neutralize button
battery injury in a porcine
oesophageal model

Angela Chiewa, Calvin Lina, Dan Nguyenb,
Felicity Sinclairb, Betty Chana and Annalisa Solinasb
aDepartment of Clinical Toxicology, Prince of Wales Hospital,
Randwick, NSW, Australia; bDepartment of Anatomical Pathology,
Prince of Wales Hospital, NSW Health Pathology

Background: Button battery ingestion in children can cause
rapid and extensive alkaline oesophageal injury. Given the poten-
tial harm of button battery ingestion, there has been increasing
interest to develop effective, accessible, and safe first-aid strat-
egies to minimize tissue injury will awaiting definitive removal.
Recent animal studies have shown the potential benefits of
administering small doses of honey every 10–15minutes to
reduce injury. The objective of this study is to determine which
household substances could potentially be used as early-treat-
ment first aid strategies for reducing battery-induced injury.
Methods: In a cadaveric porcine oesophageal tissue model, a
3VCR2032 button battery was placed on oesophageal mucosal
section with the excess tissue folded over the battery. Every
10minutes, the battery was lifted, and the pH measured. The
battery was returned and then the mucosa irrigated with 10ml
of test substance (saline (control), honey and jam [four brands
each], orange juice, yoghurt, milk, and Coca-ColaV

R

). For a total of
six irrigations. Tissue pH was measured every 10minutes until
120minutes, at which time the macroscopic ulceration size was
evaluated. Each substance was tested at least six times. In the
second experiment, the best performing substances (jam and
honey) were tested in an intact oesophagus model (battery not
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lifted) against saline, with the button battery inserted into the
lumen. The substances were irrigated into the superior end every
10minutes for six applications. Tissue pH, macroscopic change
and histopathology were evaluated at 60, 90 and 120minutes.
Results: In the first experiment compared to saline, only honey
and jam had a lower mean tissue pH at 120minutes 8.0 (SD: 0.9)
and 7.1 (SD: 1.7) respectively, compared to saline 11.9 (SD: 0.6)
(P< 0.0001). Additionally, honey and jam had a smaller mean
area of ulceration 0.24cm2 (SD: 0.17) and 0.37cm2 (SD: 0.40)
respectively, compared to saline 3.90 cm2 (SD: 1.03) (P< 0.0001).
In the intact oesophageal model (experiment 2), compared to
saline, honey and jam had significantly lower mean tissue pH
and a smaller mean area of ulceration at all time points.
Microscopically, both honey and jam appeared to protect
oesophageal mucosal tissue at 60 and 90minutes, with minimal
microscopic changes. Compared to saline (control) samples that
had changes evident in the mucosal and submucosal layers at
the first time point (60minutes). At 120minutes (60minutes after
the last irrigation) the honey oesophageal samples had less dam-
age than jam.
Conclusions: Button battery ingestion has the potential to cause
severe oesophageal injury. Although definitive removal remains
the clinical standard, there is in vitro evidence that the use of
first-aid strategies such as honey and jam prior to endoscopic
removal may decrease the extent of injury. This cadaveric pig
model found that honey and jam were able to neutralize the
alkaline injury caused by a button battery resulting in a less
micro and macroscopic injury. Honey is already recommended in
many treatment guidelines and jam should be considered as an
alternative when honey is unavailable.
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5. Randomized controlled trial of
ANEB-001 as an antidote for acute
cannabinoid intoxication in healthy
adults

Andrew Montea, Andriy Gorbenkob,
Jules Heubergerb, Kenneth Cundyc, Linda Klumpersd

and Geert Groeneveldb
aRMPDS; bCentre for Human Drug Research, Netherlands;
cAnebulo Pharmaceuticals; dVerdient Science LLC

Background: Emergency department visits due to acute canna-
binoid intoxication (ACI) have increased dramatically as US states
have liberalized cannabis policy. Serious clinical effects of ACI
can include neuropsychiatric symptoms (e.g., panic attacks,
psychosis), tachycardia, and hypotension, mediated through can-
nabinoid type 1 (CB1) receptor, primarily by the CB1 agonist
delta-9-tetrahydrocannabinol (THC). The primary objective of this
study was to assess the potential of the CB1 antagonist ANEB-
001 to reverse THC-induced effects in healthy subjects. The sec-
ondary objectives were to assess safety, tolerability, and pharma-
codynamics (PD) of ANEB-001.
Methods: This randomized, double-blind, placebo-controlled trial
tested single oral doses of ANEB-001 in cannabis-experienced
adults challenged with oral THC (NCT05282797). Part A: 10.5mg
THC with coadministration of 50mg or 100mg ANEB-001 or
matching placebo (n ¼ 20/arm). Part B varied timing and dose of
THC/ ANEB-001 in 6 cohorts. Study drug was co-administered
with THC (cohorts 1 & 2) or delayed by 1 hour post THC (cohorts
3, 4, 5, & 6). ACI was assessed (pre-THC and at 1, 2, 3, 4, 5, and
8 h) via PD outcomes; visual analogue scales (VAS) for feeling
high & alertness, body sway, and heart rate. Adverse events (AEs)

were assessed over 24 h and at 7 – 14 d. Effects were compared
to placebo within cohorts and for pooled THC doses, using a
mixed model of covariance for repeated measures (ANCOVA),
with treatment, time, treatment by time, and average baseline as
covariates.
Results: Part A enrolled 60 subjects; 52 (86.7%) were males and
56 (93.3%) were Caucasian race. The mean (standard deviation)
age was 24.2 (5.4) years, and body mass index (BMI) was 23.29
(2.24) kg/m2. Coadministration of THCþANEB-001 (50 or 100mg)
produced a significant and sustained decrease in VAS feeling
high (P< 0.0001) and increase in alertness (P< 0.01) vs. placebo
at both doses. Part B enrolled 74 subjects; 37 (50%) were males
and 65 (87.8%) were Caucasian race. The mean (standard devi-
ation) age was 24.1 (4.1) years and BMI was 22.86 (2.26) kg/m2.
ANEB-001 rapidly reversed THC effects when co-administered or
given 1 hour after THC and was safe and well tolerated with no
serious or severe AEs. ANEB-001-related AEs were transient and
mild, except for moderate nausea/vomiting in one patient each
at the 21 and 30mg THC doses. THC effects on most outcomes
were blunted by a high-fat meal. Only five subjects were enrolled
in cohort 4 (40mg THC 1h before ANEB-001) due to poor THC
tolerability.
Conclusions: Single oral doses of ANEB-001 were well tolerated
and rapidly reversed THC-induced ACI symptoms in healthy
adults when co-administered or after delayed dosing.
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6. Alcohol-related recidivism following
emergency department-associated
naltrexone

Grant Comstocka, Andrew Farkasa and
Katherine Shermanb
aMedical College of Wisconsin; bMilwaukee Veterans
Administration Medical Center

Background: Alcohol use disorder (AUD) is a pressing public
health problem. Over the past two decades, alcohol-related
emergency department (ED) visits have risen 47% with an associ-
ated 272% increase in cost. Naltrexone is approved for the treat-
ment of AUD and is available in oral and long-acting injectable
form, with a number need to treat of 12 for oral naltrexone to
prevent return to heavy drinking. Two recent pilot studies dem-
onstrated feasibility of ED-based initiation of both oral and inject-
able naltrexone. However, data assessing patient outcomes of
ED-based naltrexone are lacking. The purpose of this study was
to assess the ED visits associated with naltrexone initiation,
administered either during ED encounter or shortly thereafter,
using rate of ED recidivism with alcohol intoxication as a marker
for efficacy.
Methods: This was a retrospective cohort study of all US
Veterans Administration ED visits for alcohol intoxication
amongst patients age �18 from 2010 to 2019. All emergency
department visits associated with alcohol intoxication, as defined
by ICD9/10 code or a serum ethanol concentration > 50mg/dL,
present in the VA Corporate Data Warehouse were included.
Patients were considered to have received ED visit associated
naltrexone if they had not received naltrexone in the last 90
days and if a naltrexone prescription was administered/filled
within 7 days of the encounter. Data collected include demo-
graphics, naltrexone route and dose, and time to return visit. The
primary outcome was return visits for alcohol intoxication during
the study period. Data were described, and a Kaplan–Meier
Survival Analysis compared time to recidivist visits between
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patients who received ED associated naltrexone and those who
did not.
Results: In total, 95,126 patients were eligible for study inclusion.
Patients were majority male (94.3%) and white (65.7%), and
median age was 54 years (IQR 44–61). 6,677 unique patients
accounted for 7,550 total ED encounters associated with naltrex-
one administration, and 88,449 patients with ED visits for alcohol
intoxication did not receive ED-associated naltrexone. Oral
administration was associated with 3,936 visits (52%), IM with
544 visits (7%) and the route of administration was uncertain in
3070 visits (40%). Among patients who did not receive ED associ-
ated naltrexone, 55,726 (60.7%) would go on to have additional
ED visits for alcohol intoxication, as compared to 2,674 (40.0%)
patients who received ED associated naltrexone. The median
time to recidivist visits for alcohol intoxication was 518 days for
patients receiving naltrexone as compared to 134 days for those
who did not (P< 0.0001).
Conclusions: Our study shows that veterans who were initiated
on naltrexone during or shortly after emergency department vis-
its for alcohol intoxication were markedly less likely to have
future ED visits for alcohol intoxication. Our study is limited by
its retrospective design and possible confounders, e.g. that
patients who received naltrexone may be self-selected in terms
of motivation to quit drinking and potential overrepresentation
of high ED utilizers amongst patients not receiving naltrexone.
Future work is needed to prospectively evaluate the effectiveness
of ED-based naltrexone.
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7. Predictors of xylazine positivity in
emergency department patients with
opioid overdose

Jennifer Lovea, Rachel Culbrethb, Kim Aldyb,
Paul Waxb, Sharan Camplemanb, Jeffrey Brentc,
Alex Krotulskid, Shao Lib, Barry Logand, Alex Maninia

and on behalf of the ToxIC Fentalog Study Group
aIcahn School of Medicine at Mount Sinai; bAmerican College of
Medical Toxicology; cSchool of Medicine, University of Colorado;
dCenter for Forensic Science Research and Education at the
Fredric Rieders Family Foundation

Background: Previous research on opioid overdose (OD) patients
in the emergency department (ED) with xylazine suggests
decreased severity of some cardiovascular and CNS-related clin-
ical outcomes. We examined predictors of xylazine positivity
detected by liquid chromatography quadrupole time-of-flight
mass spectroscopy (LC-QTOF-MS) among ED opioid overdose
patients.
Methods: The Toxicology Investigators Consortium (ToxIC)
Fentalog Study is a multicenter, prospective cohort study
enrolled adult (> 18) patients with suspected opioid OD who
presented to one of ten participating EDs in the US between
September 2020 and December 2022. Waste serum from each
patient was analyzed via LC-QTOF-MS to detect all current
opioids, fentanyl analogues, and adulterants. Medical record data
was abstracted, de-identified, and entered into a REDCap data-
base. The study was approved by a central IRB with waiver of
informed consent. Chi-square analysis and t-tests were performed
using SAS.
Results: Out of 755 patients who had blood analytes confirmed
at the time of data extraction, xylazine was detected in 152
(20.2%). Xylazine positive patients were primarily localized in the
Northeast/Mid-Atlantic regions (73.7%), male (76.8%), white

(46.7%), and non-Hispanic (81.6%). Bivariate analysis revealed a
significant relationship between xylazine positivity and region of
the US (73.7% of cases in Northeast/MidAtlantic vs. 26.3% of
cases in Midwest/West Coast, P ¼ 0.0031). Additionally, males
had a significantly higher prevalence of xylazine (76.8%) com-
pared to females (23.2%) (P ¼ 0.0225). Midwest/West regions (OR
0.589, 95% CI 0.389–0.892) and female sex (OR 0.635, 95% CI
0.414–0.975) were associated with significantly lower odds of
xylazine positivity, after adjusting for age, race, and ethnicity.
Goodness of fit testing revealed a chi-square value of 4.35 (P ¼

0.8240) and AUC of 0.6078.
Conclusions: In this prospective, multi-center cohort study,
patients from non-Northeast regions of the United States had
lower odds of xylazine positivity, which is consistent with current
surveillance reports. Female patients also had lower odds of xyla-
zine positivity. Future studies should investigate potential explan-
ations for gender differences in xylazine positivity including
substance use patterns, xylazine physiologic effects, and xylazine
metabolism.
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8. Clinical and demographic correlates
of confirmed xylazine and levamisole
exposure among ED patients with
acute fentanyl overdose

Kim Aldya, Rachel Culbretha, Jennifer Loveb,
Paul Waxa, Sharan Camplemana, Jeffrey Brentc,
Alex Krotulskid, Michael Levinee, Jennie Buchananf,
Alex Maninib and on behalf of the Toxic Fentalog
Study Group
aAmerican College of Medical Toxicology; bIcahn School of
Medicine at Mount Sinai; cUniversity of Colorado School of
Medicine; dCenter for Forensic Science Research and Education at
the Fredric Rieders Family Foundation; eUniversity of California Los
Angeles; fDenver Health and Hospital Authority

Background: Levamisole, a veterinary deworming agent, is an
adulterant typically found in cocaine; however, there is a grow-
ing prevalence of levamisole adulteration in fentanyl. Xylazine,
a veterinary sedative, is another adulterant that is being
increasingly found in fentanyl. Interestingly, both have been
implicated in skin lesions, with levamisole causing cutaneous
vasculitis and xylazine leading to necrotic dermal wounds.
However, to our knowledge, no research has examined the
acute clinical correlates of both levamisole and xylazine. The
objectives of this study are to examine demographic and clin-
ical correlates for levamisole and xylazine in patients present-
ing with acute opioid overdose.
Methods: This study utilized data from the Toxicology
Investigators Consortium (ToxIC) Fentalog Study, a prospective,
observational study of patients presenting to a participating
emergency department (ED) with suspected opioid overdose
(10 sites) from September 2020 to April 2023. Blood waste
serum, drawn as part of routine clinical care, was collected, de-
identified, and samples were analyzed using liquid chromatog-
raphy quadrupole time-of-flight mass spectrometry for the
presence of over 1,000 novel psychoactive substances (NPS),
drugs of abuse, and therapeutic agents. Study enrollment with
waiver of informed consent was approved by a central IRB
(WCG IRB). This study analyzed both fentanyl-positive patients
with and without cocaine. Categories of levamisole and xyla-
zine were mutually exclusive: no levamisole or xylazine, only
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levamisole, only xylazine, and both levamisole and xylazine.
Bivariate tests were analyzed, utilizing Chi-Square Tests and
Fisher’s Exact Tests for categorical variables and Kruskal-Wallis
Tests for non-parametric continuous variables. All analyses
were conducted using R v4.2.1.
Results: Among patients testing positive for fentanyl (n ¼ 567),
16.0% had levamisole only, 19.0% had xylazine only, and 6.9%
had both levamisole and xylazine. In fentanyl positive patients
without cocaine (n ¼ 379), 6.6% had levamisole only, 22.7% had
xylazine only, and 1.6% had both levamisole and xylazine. Black
patients were more likely to be positive for levamisole only
(P< 0.001). Overall, the total required naloxone dose was statis-
tically significantly lower in the combined levamisole and xyla-
zine category compared to the other categories (P< 0.001).
These associations were detected for both the cocaine-negative
sample and the sample including all fentanyl patients, regardless
of cocaine positivity.
Conclusions: In this large multicenter study of ED patients with
opioid overdose, we found racial differences in levamisole expos-
ure. Additionally, naloxone dosing was correlated with confirmed
levamisole and xylazine exposure. Further study of the clinical
impact of adulterants in the recreational opioid supply is war-
ranted to confirm and expand upon these findings.
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9. Ligand and isoform dependent
functional responses of the mu opioid
receptor with the single nucleotide
variant A118G

Andrew Montea, Casey Patrickb, Utibeabasi Ettahc,
Vu NGuyenc, Krishna Mallelac and
Robert Scheinmanc
aRMPDS; bUniversity of Colorado; cSchool of Pharmacy and
Pharmaceutical Sciences, University of Colorado

Background: Genetic variants have been demonstrated to alter
opioid drug pharmacodynamics. The OPRM1 gene codes for
the mu opioid receptor (MOR) and the most well documented
single nucleotide polymorphism (SNP, rs1799971) substitutes a
G for an A at position 118 (A118G). This SNP has been associ-
ated with decreased morphine sensitivity but increased fen-
tanyl sensitivity. Complicating this further, isoforms of the MOR
are expressed in anatomically different regions of the body
and interact with different second messenger systems. Thus
both isoforms and SNPs may yield different clinical effects in
patients exposed to different opioids. The objective of this
study was to characterize the biology of the OPRM1 variant
rs1799971 in the two isoforms MOR1 and MOR1O when
exposed to different opioid agonists.
Methods: We used HEK293 cell lines with the introduced DNA
sequences for the OPRM1 isoforms MOR1 and MOR1O, with and
without the A118G SNP. We assessed Gi and Go activity using
BRET ratios for b-Arrestin2 bias, production of cAMP, and deter-
mined protein folding to understand isoform and SNP biologic
responses of the MOR. We utilized fluorescence detectors of
Renilla Luciferase8 (Rluc8) attached to the C-terminus of our pro-
teins, and a modified YFP, mVenus, attached to the N-terminus
of b-Arrestin2 to assess Gi, Go activity. We assessed cAMP pro-
duction through a Rluc8 and YFP fluorimetry. Morphine, fentanyl,
acrylfentanyl, and U47700 were used as MOR agonists. Forskolin
was the positive cAMP control and naloxone served as the nega-
tive control. The comparison of EC50 values amongst protein var-
iants were assessed by performing a one-way ANOVA. Finally, we

developed a complete MOR protein homology model to assess
the variant effects of protein-agonist interaction.
Results: The biology of the OPRM1 A118G SNP was found to be
both isoform and agonist specific. On b-arrestin2 assessment,
MOR1 displayed a significantly lower EC50 value in the presence
of morphine (69.2 ±1.6 nM) compared to MOR1 A118G
(180.2 ± 27.2 nM) (P ¼ 0.0047). While morphine displayed a SNP
dependent effect on b-arrestin2 recruitment, acryl-fentanyl dis-
played an isoform dependent effect, where MOR1 was found to
have a lower EC50 (171.4±33.6 nM) compared to MOR1O
(492.8 ± 116.7 nM) (P-value 0.0132). MOR1 A118G was observed to
have a significantly lower fentanyl EC50 value (115.9±17.9 nM)
when compared to MOR1O A118G (214.1±19.9 nM) (P ¼ 0.0275).
U47700 displayed no significant changes in EC50 across all four
constructs. Naloxone demonstrated significant inhibition of mor-
phine binding with all protein constructions. On cAMP assess-
ment, there were large differences in cAMP production between
ligands though no significant differences were observed with any
of the drugs between the isoform or SNP combinations. Protein
modeling demonstrated shifting of the unstructured N-terminus
domain in the binding pocket at 3.5Å with all drugs.
Conclusions: Triangulated with 3 biologic assay techniques, we
have demonstrated that the A118G allele produces differences in
receptor function that are isoform and SNP specific when
exposed to different opioid ligands. This may account for differ-
ential clinical effects of genetic variants between opioid agonists.
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10. Is HOUR enough after out-of-
hospital naloxone for opioid
overdose? Prospective preliminary
data from real-world implementation
of the modified St. Paul’s early
discharge rule

Stephen Douglasa, Travis Olivesa, Brian Drivera,
Laikyn Holsinga and Jon Coleb
aHennepin Healthcare; bMinnesota Poison Control System

Background: The appropriate duration of ED monitoring after
out-of-hospital naloxone for opioid overdose remains controver-
sial. Previously, investigators developed St. Paul’s Early Discharge
Rule and subsequently modified and validated the 6-point rule
(Hospital Observation Upon Reversal [HOUR criteria], 1) to
attempt to safely discharge patients one hour after out-of-hos-
pital naloxone. Implementation data on HOUR criteria are
lacking.
Methods: We report interim outcomes from a quality improve-
ment process at a safety-net hospital after HOUR criteria imple-
mentation. All patients receiving out-of-hospital naloxone for
suspected opioid overdose were prospectively identified and eli-
gible for inclusion. Data acquisition volunteers, trained in HOUR
criteria, prospectively collected data. At one hour post-naloxone,
vital signs were obtained and patients were assessed by a clin-
ician for both HOUR criteria and gestalt for safe discharge. We
then attempted to contact discharged patients the following day
to ensure safety. Adverse events (AEs) were assessed as in the
HOUR study. Descriptive statistics were used to analyze data.
Results: From January to April 2023, 221 patients received out-
of-hospital naloxone before ED arrival and had a one-hour pro-
vider evaluation. Forty-one (18.6%) patients met HOUR criteria.
Out-of-hospital naloxone was most commonly administered intra-
venously (n ¼ 109, 49.3%; median dose: 0.5mg [IQR 0.4–1mg]).
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Fifty-six patients (24.4%) received their first naloxone dose from a
bystander. Regarding the primary outcome, one patient (2.4%,
95%CI: 0–33.7%) met HOUR criteria and experienced an AE. This
patient intended to snort cocaine but became suddenly uncon-
scious after insufflating the powder. He received three 0.4mg
doses of intramuscular naloxone and 3minutes of CPR, all from
bystanders. On EMS scene-arrival the patient was fully awake
with minimal symptoms. 3 displays the patient’s vital signs
80minutes post-ED arrival; at this time the attending emergency
physician determined the patient was safe for discharge, how-
ever a chest x-ray (ordered due to CPR) had not yet been per-
formed. While awaiting x-ray, the patient became drowsy and
bradypnic with abnormal end-tidal capnography; 0.2mg IV nalox-
one restored normal breathing and mental status. Bradypnea
recurred twice more, each time responding to 0.2mg IV nalox-
one; subsequently a naloxone infusion was administered for
7 hours. The patient was discharged 18hours after arrival and
was well on phone follow-up. Secondary outcomes included
urine drug screen (UDS) and follow-up data. Sixteen (7.24%)
patients had UDSs with fentanyl (n ¼ 16, 100%), amphetamine
(n ¼ 9, 56.2%), and cocaine (n ¼ 8, 50%) being the most com-
mon positives; 88% (n ¼ 14) were positive for any stimulant
(cocaine/amphetamine). On follow-up, 28/41 (68%) of patients
had evidence of life, 4 by phone call and 24 by electronic med-
ical record (EMR) review. No patients were marked deceased in
the EMR. Additional follow-up is planned as part of ongoing data
collection.
Conclusions: In this preliminary implementation evaluation of
the modified St. Paul’s Early Discharge Rule, 2.4% (95%CI:
0–33.7%) of patients received additional naloxone for respira-
tory depression after meeting “safe discharge” HOUR criteria. If
this finding persists in a larger dataset, HOUR criteria may not
be a sufficiently safe disposition tool after out-of-hospital
naloxone.
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11. Initiation of methadone for opioid
use disorder treatment in the
emergency department

Sabrina Kaplana, Lance Rayb, Scott Simpsonb and
Alexandra Tillmanb
aRocky Mountain Poison and Drug Safety Center; bDenver Health
Medical Center

Background: Fentanyl and other synthetic opioids are becom-
ing increasingly prevalent across the United States. These
potent and lipophilic agents pose new challenges to providers,
including the risk of precipitated withdrawal when starting
buprenorphine treatment. While methadone is a proven treat-
ment for opioid use disorder (OUD), and does not risk precipi-
tated withdrawal, the efficacy of methadone for use in
emergency department (ED)-based treatment of OUD has not
been described. We report on a methadone induction program
for OUD for ED patients.
Methods: We describe program evaluation data from a Level 1
Trauma center in an urban safety net hospital. Inductions
included were ED visits where the patient was referred to an
addiction counseling team and started either buprenorphine or
methadone for OUD treatment during the ED visit. Successful
linkage to care was defined as a completed follow-up appoint-
ment after induction in either an outpatient behavioral health
center addiction department or a visit with an addiction coun-
selor in integrated primary care. An induction was considered
retained for 90 days if patients were seen continuously in the

outpatient setting in the 90 days following linkage to care with
no 30-day breaks.
Results: Visit data was examined from Jan 2022 through April
2023 (16 total months). 380 total inductions were included in the
analysis. Of these inductions, 225 (59%) took place in the adult
ED, 143 (38%) in the psychiatric ED, and 12(3%) in the pediatric
ED. Of the 352 unique patients inducted, 239 (68%) of were male
and 112 (32%) were female. 51% of these inductions were bupre-
norphine and 49% methadone. Of buprenorphine inductions (n
¼ 195), 121 (62%) were successfully linked with outpatient follow
up. Of methadone inductions (n ¼ 185), 116 (63%) linked with
care. Of visits linked with care, 27 (26%) were retained at 90 days
in the buprenorphine group and 20 (22%) in the methadone
group.
Conclusions: ED-based methadone induction is feasible and cor-
related with follow-up rates comparable to buprenorphine induc-
tions. Anecdotal evidence from addiction faculty have suggested
that methadone might be more effective at suppressing cravings.
Additional analyses describing adverse effects associated with
methadone is needed in the future, given that it is associated
with possible respiratory depression and QTc prolongation. This
data set is limited by a small sample size, therefore ongoing col-
lection would help to elucidate each therapy and long-term
effects. Methadone appears to be effective and appropriate for
ED patients who require treatment of OUD.
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12. The relationships of plasma
profenofos and ethanol to clinical
outcome in acute profenofos self-
poisoning

Jeevan Dhanarisia, Michael Eddlestonb,
Klintean Wunnapukc, Indika Gawarammanad and
Fahim Mohamede
aSouth Asian Clinical Toxicology Research Collaboration, University
of Peradeniya, Sri Lanka; bPharmacology, Toxicology, &
Therapeutics, University of Edinburgh, Edinburgh, United
Kingdom; cDepartment of Forensic Medicine, Faculty of Medicine,
Chiang Mai University, Chiang Mai, Thailand; dDepartment of
Medicine, Faculty of Medicine, University of Peradeniya,
Peradeniya, Sri Lanka; eDepartment of Pharmacology, Sydney
Pharmacy School, University of Sydney, Sydney, Australia

Background: Organophosphorus (OP) insecticides have been
responsible for the majority of deaths from self-poisoning in the
developing world. Many patients who have been acutely pois-
oned with OP insecticides have also co-ingested ethanol.
Currently the S-alkyl OP, profenofos EC50, is commonly ingested
for self-harm in Sri Lanka. Although clinical experience suggests
that ethanol co-ingestion makes management more difficult, the
relationship between plasma concentrations of ethanol and of
profenofos to clinical outcome is unknown. Therefore, we aimed
to determine the relationships between plasma ethanol concen-
tration and plasma profenofos toxicokinetics with clinical out-
come in acute profenofos poisoning.
Methods: Demographic and clinical data, including an ethanol
history and blood samples were prospectively collected from all
cases of acute poisoning with profenofos EC50 presenting to
Teaching Hospital Peradeniya, Sri Lanka over four years from
2017 to 2021. Plasma samples were analysed by Gas
Chromatography- Mass Spectrometry to quantify the ethanol (n
¼ 99) and profenofos (n ¼ 30 [15 no ethanol, 15 with ethanol])
concentrations. The PKSolver program was used to calculate the
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toxicokinetic parameters such as, maximum concentration in
plasma (pCmax), the time of pCmax (pTmax.), plasma absorption
(pt1/2a) and elimination (pt1/2e) half- lives.
Results: Of 99 patients (male 78/99, 78.8%) with acute profeno-
fos self-poisoning, 50 (50.5%) reported history of ethanol co-
ingestion. Plasma from 44 of 99 (44.4%) profenofos-poisoned
patients had detectable ethanol (median 88.8 mgdl-1, interquar-
tile range [IQR] 26.6–122.2). Ethanol co-ingestion (ALCþ) group
had a non-significant higher risk of death (ALC�) group (5/44
[11.4%] vs. 3/55 [5.5%]; P ¼ 0.4605) and of intubation (11/44
[25.0%] vs. 11/55[20.0%]; P ¼ 0.6298) than those who had not
co-ingested ethanol. The median on admission plasma profeno-
fos concentration was non-significantly higher in ALCþ group (n
¼ 15) than in ALC- group (n ¼ 15) (1493 [IQR 421.4–3030] ngmL-
1 vs. 793.6 [IQR 271.6–1367] ngmL-1; P ¼ 0.1607) and median
butyrylcholinesterase activity was slightly lower [349.9mUmL-1

(IQR 113.2–634.3) vs. 456.7mUmL-1 (IQR 213.4–860.9); P ¼ 0.1218;
normal range 2300–7000mUmL-1]. The profenofos pCmax and
pTmax between the ALCþ group and the ALC- group were not
statistically different (P ¼ 0.1607 and 0.6453, respectively).
Similarly, the medians of absorption pt1/2a between the
ALCþ group and the ALC� group (0.1 and 0.1h, respectively,
time 0–24h) were not statistically different (P ¼ 0.6594); how-
ever, the medians of elimination pt1/2e value were significantly
higher in the ALCþgroup than ALC�group (23.1 and 9.9 h,
time 0–24h, P ¼ 0.0002) indicating that patients in ALCþgroup
had much longer profenofos elimination half-life.
Conclusions: Ethanol co-ingestion leads to alter the toxicokinetic
of profenofos insecticide by slowing elimination rate, and pos-
sibly increasing risk of death and worsening the hospital out-
come. Larger studies are needed to evaluate this further because
efforts to reduce ethanol consumption may help with efforts to
reduce mortality from profenofos self-poisoning.
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13. The feasibility of utilization of
remote patient monitoring devices in
patients with toxicologic exposures: a
pilot study

Christopher Hoytea, HoanVu Nguyenb,
Rachel Muschelaka and Christopher Pitottic
aDenver Health Medical Center; bDavid Grant Medical Center,
Travis Air Force Base, United States Air Force; cUniformed Services
University of the Health Sciences

Background: Poison centers play an important role in medical
management of poisoning exposures. In 2021, there were
2,080,917 human exposures reported to US poison centers with
93% occurring in a residence, and 67% managed on site. Home
management could be increased and would be safer with know-
ledge of real time vital signs (VS). Abnormal VS often precede
clinical deterioration and their early detection could allow for
therapeutic intervention in the home setting to either allow a
patient to remain at home or quickly identify the need to seek in
person medical care. Patient convenience and healthcare cost
savings are potential benefits of remote patient monitoring devi-
ces (RPMDs). The purpose of this study was to compare RPMD
VS collection to in-hospital nursing VS collection for toxicologic
exposures.
Methods: This was a prospective, cohort study in a large, aca-
demic, urban hospital from 1 May 2021 to 31 December 2021.
Admitted toxicology consultations were reviewed daily for eligi-
bility. Patients > 18 years and able to consent were enrolled

from non-intensive care settings. All participating patients had
informational study flyers hung at bedside. Informed consent
was obtained. This study was approved by the local Institutional
Review Board. BioStickerTM is FDA approved for remote patient
monitoring. Sensors transmit data via Bluetooth to a bedside
hub device which streams participants’ heart rate (HR) and
respiratory rate (RR) securely to a remotely accessible HIPAA-
compliant web portal. Patients wore the device for the duration
of their admission while also receiving routine VS checks by
nurses. Nurses were blinded to device VS readings. Researchers
accessed nurse-collected data from the electronic medical record.
Device data was averaged over one hour and compared to corre-
sponding nurse VS timestamps. Data was collected in ExcelV

R

and
statistical analyses were performed. Device data consistency was
assessed using the percentage of manual VS timepoints for
which device VS data was retrievable. Device-collected and
nurse-collected VS agreement was determined using the mean
of the differences between corresponding VS pairs and Bland
Altman plot.
Results: Four patients were enrolled in the study. Mean patient
age was 36.25 years, two were female, and devices were worn
12–48hours among the four patients (1). Data collected by
BioStickerTM successfully streamed HR and RR for 97.0% of all
nurse VS checks. Two patients experienced bradycardia and two
patients experienced tachypnea (1). The mean differences
between nurse and device values for HR and RR were �4.2 bpm
and 2.3 rpm, respectively. There were 18 VS abnormalities (17HR
and 2 RR) detected by nursing VS collection and 26 by
BioStickerTM (25HR and 1 RR). Bland Altman plots display gener-
ally consistent agreement across the range of measurement.
Conclusions: BioStickerTM demonstrated overall concordance in
VS collection with hospital nursing and reliability. While the sam-
ple size was small, the potential for the use of RMPDs is demon-
strated in the fidelity of VS collection, relatively low mean
differences and Bland Altman concordance. Future, larger studies,
including with patient experience surveys, are needed.
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14. Machine learning for predicting
medical outcomes of acute lithium
poisoning

Omid Mehrpoura, Varun Vohraa and Farshad Shirazib
aMichigan Poison & Drug Information Center; bArizona Poison and
Drug Information Center

Background: The application of machine learning (ML) algo-
rithms and artificial intelligence in medicine has garnered atten-
tion for the ability to help predict medical outcomes. Our
objective was to evaluate the performance of a random forest
algorithm as an ML model in predicting outcomes secondary to
acute lithium poisoning.
Methods: We extracted single-substance human exposure cases
reported to the National Poison Data System (NPDS) from 1
January 2014, through 31 December 2018, with documented
acute lithium exposures. A random forest model was applied to
predict medical outcomes. We calculated metrics such as preci-
sion, recall (sensitivity), and F1 score to evaluate the ability of
the model to help predict the outcome. Precision measures the
percentage of true positive predictions (correctly predicted posi-
tive instances) among all positive predictions (true and false posi-
tives). Sensitivity is a metric in ML that measures the percentage
of true positive predictions (correctly predicted positive instances
among all actual positive instances in the dataset). The F1 score
is a metric used to evaluate the performance of a classification
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model. The harmonic mean of precision and recall ranges from 0
to 1, with a higher value indicating better performance. We
defined outcomes as a serious outcome (major effect, moderate
effect, or death) and a minor outcome based on NPDS coding
criteria. To see what features are most important in making a
particular prediction and how those features contribute to the
prediction, we used the SHapley Additive exPlanations (SHAP)
analysis. The SHAP analysis computes the Shapley values for
each feature in a model, representing each feature's contribution
to the predicted outcome.
Results: There were 11,525 reported lithium cases during the
study; 2,760 cases were classified as acute lithium overdoses.
One hundred and thirty-nine patients had serious outcomes and
2,621 had minor outcomes. The random forest model had an
overall accuracy and F1 score of 99, 98, and 98% for training, val-
idation, and testing groups, respectively, in predicting serious
and minor outcomes. For serious outcomes, we reached a preci-
sion of 100% and a sensitivity of 96%. We obtained a precision
of 96% and a sensitivity of 100% for minor outcomes. Our results
demonstrated that bradycardia and age were the primary contri-
buting features in predicting acute lithium poisoning outcomes.
However, SHAP analysis showed that drowsiness/lethargy, age,
ataxia, abdominal pain, and electrolyte abnormality contributed
to individual predictions.
Conclusions: The accuracy of a random forest algorithm in pre-
dicting medical outcomes of acute lithium poisoning was 98%.
The model predicted serious and minor outcomes with high sen-
sitivity and precision. Further research is needed to validate these
findings.
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15. An open-source smartphone
application to estimate
methemoglobin levels at the bedside
from a drop of venous blood

Kyle D. Pires and Robert S. Hoffman
Division of Medical Toxicology, Department of Emergency
Medicine, NYU Grossman School of Medicine

Background: Acquired methemoglobinemia occurs after expos-
ure to an oxidant toxin. Suicidal ingestions of oxidants are
increasing in popularity in the United States but are a global
problem, especially in rural communities with access to herbi-
cides such as propanil. A simple bedside test was developed by
Shihana and colleagues in 2016 to assist clinicians treating
patients with methemoglobinemia who lack timely access to co-
oximetry. They demonstrated that the degree of redness in a
drop of blood is inversely correlated with the methemoglobin
level and developed a color chart for visual estimation of meth-
emoglobinemia. We modernized their approach using a smart-
phone application, avoiding the need for printed color charts,
and utilizing a tool that is ubiquitous even in lower-resourced
environments.
Methods: We developed a proof-of-concept application using
MIT App Inventor and ran this application on a Pixel 5 smart-
phone. Initial trials demonstrated a lower degree of redness
than reported by Shihana and colleagues, likely due to differ-
ent lighting conditions (i.e., not using direct light from a flat-
bed scanner). Four samples with methemoglobin levels
between 0 and 79% were created by adding sodium nitrite to
fresh blood. A drop of each sample was placed on absorbent
gauze and allowed to dry for 120 seconds while the methemo-
globin was measured using a GEM5000 (Werfen, Bedford, MA,

USA). The smartphone then obtained averaged red values from
captured images of the blood drops. A linear regression was
performed on this data to obtain an empiric formula for poten-
tial use in our hospital environment, was incorporated into the
smartphone application, and tested on three new similarly pre-
pared blood samples one week later. The estimated methemo-
globin level from the smartphone application was compared to
values measured on the GEM5000.
Results: The first sample was estimated to contain 0% methemo-
globin by the application, and the GEM5000 reported a value of
0% methemoglobin. The second sample was estimated to con-
tain 36% methemoglobin by the application, while the GEM5000
reported a value of 16.1% methemoglobin. The final sample was
estimated to contain 82% methemoglobin by the application,
while the GEM5000 reported a value of > 30% methemoglobin.
Subtraction of other hemoglobin types resulted in a value of
83.9% methemoglobin reported by the analyzer.
Conclusions: We developed a smartphone application that corre-
lates real-time red values on a drop of blood to measured meth-
emoglobinemia levels. The success of the applications
concentrations above 30% is encouraging given that these are
patients who would most likely benefit from a rapid bedside
test. These findings are preliminary and further research is
planned to validate and refine this methodology. We hope that
an iteration of this application could be useful for clinicians treat-
ing patients with methemoglobinemia who lack rapid access to
co-oximetry. Once fine-tuned, we plan on releasing this mobile
application under an open-source license, free for use by any
clinician, anywhere.
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16. Souring the growth experience:
evaluating water bead expansion in
different media

Jordan Couceyroa, Jason Tullyb, Stephanie Honb and
Melissa Gittingera
aSchool of Medicine, Emory University; bGeorgia Poison Center,
Grady Health System

Background: Water-absorbing beads (WABs) are colorful hydro-
gel-containing toys that expand in water, however, are often mis-
taken for candy. While previous case reports on WAB ingestion
in young children have shown intestinal obstruction, there are
limited reports on how large these beads can grow. Conversely,
some studies have shown that many WAB ingestions are asymp-
tomatic. Further data on the growth of different WAB types and
longer measurement times to account for growth in the small
intestines beyond the pylorus are needed to better understand
WAB ingestion in children.
Methods: Five different types of WABs (two VR brand WABs, two
“small expansion” WABs, and one “jumbo” WAB) and four differ-
ent stress balls with beads resembling hydrogels were purchased
both online and in retail stores. The stress balls were cut open to
extract beads from within. Four beads of each product were set
aside and measured using digital calipers at baseline. One bead
from each product was placed in either 4 oz of water, 4 oz of
bottled lemon juice, a mixture of lemon juice and whole milk
(2 oz each), and an empty cup in open air. Water served as our
growth control and simulated intestinal fluid, lemon juice served
as a simulated gastric fluid (slightly weaker pH), and the milk/
lemon juice mixture was to simulate a home remedy of giving a
child milk, while the empty cup served as a reduction control.
Beads were briefly removed from their cups to be measured at
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15minutes, at each hour until 6 hours, and then every 12 hours
from hour 12 until hour 120.
Results: Growth of the stress ball and OrbeezV

R

brand beads in
water reached a maximum diameter of 12.8 and 13.3mm at
5 hours, while both of the other liquid media shrank the beads
to a final diameter of between 3.5 and 4mm by the 24-hour
mark (with lemon juice alone shrinking faster) with a dried out
baseline of 2.3mm for stress ball and 4mm for OrbeezV

R

brand.
The small WABs peaked at 9.6mm in water and grew in lemon
juice but only to 2.8mm. The jumbo WAB reached peak growth
of 50.3mm at 72hours in water before breaking apart but only
peaked at 11.4mm after 36hours in lemon juice.
Conclusions: Both lemon juice environments profoundly hin-
dered the growth of every single WAB tested. Though the lemon
juice simulated a gastric environment, it’s possible that providing
an acidic beverage versus only water may be a useful home rem-
edy thus reducing clinical significance post-WAB ingestion. In the
pure water environment, only the jumbo WAB exceeded 15mm
of growth within 120hours; all other WABs including the stress
ball beads resembling hydrogels could theoretically pass through
the pylorus and small intestine of an infant without incident,
especially following exposure to an acidic environment. Further
studies are warranted; ingestions of WABs by children should still
be managed on an individual basis.

KEYWORDS Water beads; pediatric; ingestion
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17. Evaluation of the carbapenem-
valproate interaction

Nick Petrucellia, Bryan Hayesa, Nidhi Shelata, Ramy
Elshabourya, Jeffrey Pearsonb and Jennifer Koehla
aMassachusetts General Hospital; bBrigham and Women's Hospital

Background: Previous reports consistently show a rapid decrease
in valproic acid (VPA) serum concentrations when co-adminis-
tered with a carbapenem antibiotic; however, the specific conse-
quences and subsequent therapy adjustments are not well
described. We aim to report the clinical and therapeutic implica-
tions of this drug-drug interaction.
Methods: This retrospective review included adult hospitalized
patients who received a carbapenem and VPA for either seizure
or mood-related disorders at two large academic medical centers
between January 2017 and June 2022. Patients receiving add-
itional agents known to decrease VPA concentrations in the
same encounter were excluded. Patients who were not stable on
VPA prior to hospitalization, without VPA serum levels, with an
admitting diagnosis of seizure, or who had a seizure during the
hospitalization prior to carbapenem exposure were also
excluded. The primary outcome was incidence of seizures or
behavioral events based on VPA indication. Secondary outcomes
included change in VPA concentration, duration of subtherapeu-
tic VPA concentration (< 50mcg/mL), time to seizure or behav-
ioral event, incidence of new-start antiepileptic agents, and
incidence of VPA dose increases.
Results: 258 episodes of concomitant use amongst 78 unique
patients were included in the final analysis. VPA was used for
seizure control in 134/258 (51.9%) and for mood-related disor-
ders in 124/258 (48.1%) encounters, respectively. In those pre-
scribed VPA for its antiepileptic properties, seizures occurred
following carbapenem administration in 62/134 (46.3%) encoun-
ters with a median percent decrease in VPA concentration of
62% (IQR: 54.9–82.1). VPA concentrations decreased rapidly to
subtherapeutic levels within the first 24 hours of carbapenem
introduction (median: 46.3%, IQR: 38.4–54.8). Amongst all
patients with a seizure indication, new antiepileptic agents were

initiated in 23.9% of patients following carbapenem use while
the dose of VPA was increased in 30.6%. In those taking VPA for
mood-related disorders, 63/124 (50.8%) encounters met the end-
point of behavioral disturbance.
Conclusions: This study demonstrates clinical implications of the
carbapenem-VPA drug-drug interaction. Clinicians should be
aware of this interaction and consider alternative antimicrobial
agents when possible. VPA concentrations decreased rapidly in
the first 24 hours indicating that even short-term exposure to a
carbapenem may have consequences in patients taking VPA.
Adding or increasing doses of antiepileptic agents, increasing the
dose of VPA, and/or consultation with a neurologist prior to con-
comitant use should be considered when this combination is
unavoidable.
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18. Substances asociateds with QRS
prolongation reported to US Poison
Control Centers

Roxanna Hedgesa, Casey Taka and
Amberly Johnsonb
aUniversity of Utah College of Pharmacy; bUtah Poison Control
Center

Background: QRS prolongation on the electrocardiogram (ECG)
can lead to an increased risk of ventricular tachycardia and ven-
tricular fibrillation, which can be fatal. Medications that block car-
diac sodium channels, like antiarrhythmics and tricyclic
antidepressants (TCAs), can cause QRS prolongation. Additionally,
medications, like bupropion, can cause QRS prolongation
through mechanisms other than sodium channel blockade in
overdose. Data collected by US poison control centers can be
used for post-marketing surveillance to identify additional sub-
stances associated with QRS prolongation and ventricular dys-
rhythmias in therapeutic use and overdose. This study describes
substances with the highest frequency of QRS prolongation and
their associated risk of ventricular tachycardia/ventricular fibrilla-
tion as reported to US poison control centers.
Methods: A retrospective review of exposures reported to the
National Poison Data System (NPDS) from 1 January 2019, to 31
December 2020, with QRS prolongation was performed. Single
substance exposures coded with QRS prolongation as related or
unknown if related were included. Exposures were excluded if
they involved multiple substances or were coded as “confirmed
non-exposure” or “substance likely not responsible for the effect.”
Substance, demographics, medical outcomes, coded clinical
effect of ventricular tachycardia/ventricular fibrillation, and treat-
ment with sodium bicarbonate were collected. Descriptive statis-
tics were used to describe means and frequencies. A multiple
logistic regression model examined the impact of demographic
and clinical characteristics on the development of ventricular
tachycardia/ventricular fibrillation. Data were analyzed in IBM
SPSS Statistics 27.0 and SAS v9.4 (SAS Institute, Cary, NC).
Results: A total of 4,387 single substance exposures with QRS
prolongation were identified, representing 0.1% (n ¼ 4,276,339)
of exposures reported to NDPS during the study period. The
mean age was 38.2 years (SD 18.6 years). 52.5% of the popula-
tion was female. Medical outcomes were moderate in 2631 (60%)
exposures and major in 1588 (36.2%). 168 deaths (3.8%) were
reported. The top 3 categories associated with QRS prolongation
included antidepressants (n ¼ 1632, 37.2%), antihistamines (n ¼

651, 14.8%), and unknown drug (n ¼ 324, 7.4%). TCAs were the
most common antidepressant class associated with QRS pro-
longation (n ¼ 865, 19.7%). Other antidepressants included
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miscellaneous antidepressants (n ¼ 452, 10.3%), selective nor-
epinephrine reuptake inhibitors (n ¼ 76, 1.7%), and lithium (n ¼

75, 1.7%). Diphenhydramine was the most common antihista-
mine associated with QRS prolongation (n ¼ 542, 12.4%).
Ventricular dysrhythmias occurred in 155 (3.5%) exposures with
QRS prolongation. Of these exposures, the top 3 substances asso-
ciated with ventricular dysrhythmias included diphenhydramine
(n ¼ 26, 16.8%), antiarrhythmics (n ¼ 20, 12.9%), and amitriptyl-
ine (n ¼ 18, 11.6%). Multiple logistic regression showed a signifi-
cant association between QRS prolongation and ventricular
tachycardia/ventricular fibrillation for loperamide (AOR 12.5, 95%
CI 6.3–24.5), antiarrhythmics (AOR 5.0, 95% CI 2.4–10.1), treat-
ment with sodium bicarbonate (AOR 4.6; 95% CI 2.9-7.2),
unknown intent (AOR 2.5, 95% CI 1.4–4.5), and females (AOR 1.6,
95% CI 1.1–2.3).
Conclusions: The most common substance categories associated
with QRS prolongation were antidepressants and antihistamines.
Ventricular tachycardia/ventricular fibrillation was rare; however,
it was reported with the highest frequency in exposures to
diphenhydramine, antiarrhythmics, and amitriptyline with QRS
prolongation. Significant predictors of ventricular tachycardia and
ventricular fibrillation were loperamide, antiarrhythmics, unknown
intent, sex, and treatment with sodium bicarbonate.
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19. Survival of severe toxicity from
intrathecal TXA administration

James Leonarda, Joshua Kinga, Michael Armahizerb

and WanTsu Changc
aMaryland Poison Center, University of Maryland School of
Pharmacy; bUniversity of Maryland Medical Center; cDepartments
of Emergency Medicine and Neurology, University of Maryland
School of Medicine

Background: Tranexamic acid (TXA) is a small molecule antifibri-
nolytic drug used to reduce the risk of major bleeding from
trauma or major surgery. Inadvertent intrathecal administration
of TXA instead of local anesthetics has been reported in several
case reports. At least 20 cases of intrathecal administration have
been published to date and 10/20 patients in one review died.
The morbidity and mortality associated with this error are vari-
able and may be dependent on early interventions and intensive
care access. We report on a case of inadvertent intrathecal TXA
administration treated with deep sedation and cerebrospinal fluid
(CSF) lavage.
Case report: A healthy 76-year-old male was scheduled for an
elective total arthroplasty of his right knee. Three hundred milli-
grams of TXA was inadvertently injected into the lumbar catheter
instead of bupivacaine. The error was immediately identified, and
the patient was intubated with 10mg of midazolam and 30mg
of rocuronium before transfer to the nearest emergency depart-
ment. In the emergency department, he was hypertensive (213/
122mmHg), tachycardic (148 beats/min), hypoxic to 88% oxygen
saturation on 40% FiO2, and experiencing full body myoclonic
jerks. Initial EKG showed sinus tachycardia with multiple extra
ventricular beats. He experienced one episode of ventricular
tachycardia with pulses that was cardioverted with amiodarone.
He was also given 4,500mg of levetiracetam. Approximately
1 hour after arrival, he began to wake and was sedated with
intermittent intravenous boluses of midazolam and an infusion
of propofol at 100mcg/kg/min. He was transferred to our tertiary
care referral center for CSF lavage within 1 hour of presentation
to the emergency department. During transport, he was having
more myoclonic jerks and given 1,000mg of phenobarbital. He
developed shock, lactic acidosis (6.8mmol/L), troponemia (0.5 ng/

mL), and had persistent myoclonic jerks requiring norepinephrine
and a midazolam infusion. The neurosurgery team placed a lum-
bar drain three hours after presentation to the outside hospital
and performed 10mL CSF lavage every 30minutes for a total of
5 exchanges. Over the next several hours, his troponin rose to a
peak of 10.85 ng/mL and echocardiogram revealed an ejection
fraction of 35%. Continuous electroencephalography did not
show seizure activity. On day 2, propofol and norepinephrine
were weaned. Myoclonic jerks decreased in frequency to 50%
from peak. On day 4, midazolam was decreased to 0.1mg/kg/hr
and then discontinued. He had responsive pupils and a weak
cough but was not responding. Over the next several days, his
physical exam slowly improved and on day 8 he started follow-
ing commands. He was extubated on day 10, but re-intubated
due to respiratory failure. He was extubated on day 13 and dis-
charged to a sub-acute rehabilitation facility on day 19.
Conclusions: Tranexamic acid is an analogue of both glycine
and gamma-amino butyric acid. It may sequester in the CSF,
which makes it a potential target for CSF lavage. Early recogni-
tion, sedation and control of muscular activity, and drug removal
are key interventions to reduce morbidity and mortality.

KEYWORDS CSF lavage; medical error

jleonard@rx.umaryland.edu

20. Increase in poisoning deaths
during the COVID-19 pandemic

Sara Rehman Noora and Mathias B. Forresterb
aSoutheast Texas Poison Center; bIndependent Researcher, Austin,
TX, USA

Background: After COVID-19 pandemic was declared in March
2020, many states in the United States (US) enacted stay-at-
home (lock-down) orders and closed or restricted businesses,
schools, and other facilities, which were later modified or lifted.
As a result of this disruption to people’s lives, the pattern of inju-
ries, including poisonings, experienced by the population
changed. The objective of this study was to compare the pattern
of poisoning deaths in the US in 2020 to those in 2017–2019.
Methods: Data were obtained from the Centers for Disease
Control and Prevention Wide-ranging Online Data for
Epidemiologic Research (WONDER) website. Cases were deaths
during 2017–2020 with multiple causes of death including an
International Classification of Diseases - Tenth Revision (ICD-10)
code of T36–T65. The number of deaths during 2020 was com-
pared to the mean for 2017–2019.
Results: There were 85,670 poisoning deaths in 2017, 83,033 in
2018, and 86,638 in 2019 – resulting in a mean of 85,114 – and
108,730 in 2020, an increase of 28% over the 2017–2019 mean.
The number of poisoning deaths in 2020 increased by 14% in
January-March (2017–2019 mean: 21,293, 2020 number: 24,281),
increased by 40% in April–June (2017–2019 mean: 21,128, 2020
number: 29,535), increased by 32% in July–September
(2017–2019 mean: 21,481, 2020 number: 28,432), and increased
25% in October–December (2017–2019 mean: 21,212, 2020 num-
ber: 26,482). The number of deaths in 2020 among persons aged
0–14 years increased 11% (2017-2019 mean: 471, 2020 number:
523), and aged 15–24 years increased by 37% (2017–2019 mean:
5,882, 2020 number: 8,057), age 25–34 years increased 28%
(2017–2019 mean: 18,779, 2020 number: 24,131), age 35–44 years
increased 36% (2017–2019 mean: 18,819, 2020 number: 25,684),
age 45–54 years increased 20% (2017–2019 mean: 18,669, 2020
number: 22,347), age 55–64 years increased 25% (2017–2019
mean: 15,728, 2020 number: 19,697), and age 65þ years
increased 23% (2017–2019 mean: 6,733, 2020 number: 8,271).
The number of male deaths increased by 32% (2017–2019 mean:
57,564, 2020 number: 75,762), and the number of female deaths
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increased by 20% (2017–2019 mean: 27,550, 2020 number:
32,968). The number of deaths due to poisoning by drugs, medi-
caments, and biological substances (ICD-10 T36–T50) increased
by 31% (2017–2019 mean: 74,807, 2020 number: 98,134), and the
number of deaths due to toxic effects of substances chiefly non-
medicinal as to source (ICD-10 T51–T65) increased 20%
(2017–2019 mean: 21,030, 2020 number: 25,325). Of the ICD-10
codes with the highest number of deaths, T40 (Poisoning by nar-
cotics and psychodysleptics [hallucinogens]) increased 39%
(2017–2019 mean: 54,493, 2020 number: 75,693), T50 (Poisoning
by diuretics and other and unspecified drugs, medicaments and
biological substances) increased 28% (2017–2019 mean: 30,077,
2020 number: 38,606), T43 (Poisoning by psychotropic drugs, not
elsewhere classified) increased 57% (2017–2019 mean: 20,932,
2020 number: 32,764), T51 (Toxic effect of alcohol) increased
29% (2017–2019 mean: 15,306, 2020 number: 19,795), and T42
(Poisoning by antiepileptic, sedative-hypnotic and anti-parkinson-
ism drugs) increased 22% (2017–2019 mean: 13,621, 2020 num-
ber: 16,624).
Conclusions: The number of poisoning deaths in the US
increased in 2020 when compared to 2017–2019. The greatest
increase was observed during April–June.
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21. A 21-year review of pediatric
cetirizine exposures as reported to a
single regional poison center

Crystal Proshek, Patrick Filkins and Robert Geller
Georgia Poison Center

Background: Cetirizine, commonly known by the brand name
ZyrtecV

R

, is a second-generation antihistamine that is FDA-
approved for the treatment of acute and chronic urticaria and
allergic rhinitis. The drug is widely used in the pediatric popu-
lation and is generally considered safe. However, in recent
years, pediatric ingestions of cetirizine have become increas-
ingly reported to regional poison centers (RPC). Despite the
widespread use of cetirizine, there is limited data on the inci-
dence and outcomes of pediatric cetirizine ingestions. In this
study, we aimed to report the incidence and outcomes of
exposures involving cetirizine in pediatrics as reported by
our RPC.
Methods: This was a retrospective chart review from 1 January
2000 to 31 December 2021, analyzing children 6 years or less
with a single acute ingestion of cetirizine. Other inclusion criteria
required a historical amount of cetirizine ingested and a docu-
mented outcome. The data collected included age, sex, amount
of cetirizine ingested, reported symptoms, treatment received,
and outcomes.
Results: Over a 21-year period, 5786 cases of pediatric cetirizine
ingestions were reported to our RPC. Of these cases, 365 (6.3%)
met all inclusion criteria. The mean age of the patients was three
years, and 56.2% were male. There were 63 (17.3%) cases
describing exact known amounts ingested, 119 (32.6%) estimated
amounts, and 183 (50.1%) described as maximum possible. The
known exact amounts ingested ranged from 1mg to 270mg,
with a possible maximum amount of 930mg. No effects were
reported in 275 (75.3%) of the cases, 90 (24.6%) cases experi-
enced minor effects, and 2 (0.1%) cases exhibited moderate
effects. The most common symptoms reported were drowsiness
(14%), agitation (2.1%), and tachycardia (2.1%). Out of the 365
cases, 204 (55.9%) were treated at home, and 154 (42.2%) were
evaluated in a hospital/clinic, 7 (1.9%) other. The mean dose
ingested that was recommended by the RPC to be managed

onsite was 40.7mg (2.8mg/kg), compared to the mean dose
ingested in which hospital triage was recommended, which was
118.5mg (9.2mg/kg). Of those treated in a hospital, 15 (4.1%)
were admitted, and 134 (87%) were released from the emer-
gency department. One patient received bronchodilators unre-
lated to the exposure. All other patients received either no
therapy (73.0%), gastrointestinal decontamination (26.9%), or
intravenous fluids (0.1%).
Conclusions: Our study provides valuable information on the
incidence and outcomes of pediatric cetirizine ingestions as
reported to our RPC. Most children experienced no effects when
the reported ingestion was below 6mg/kg. Only two cases total
resulted in moderate effects, which resolved without interven-
tion. Children who are referred to a healthcare facility mostly
require no intervention and are discharged home after an obser-
vation period. Until further studies are concluded, any cases with
more than minor symptoms should continue to warrant health-
care facility referral and evaluation. It is important to note that
the inconsistency of coding and follow-up practices of the
reporting poison center should be taken into consideration when
interpreting these data.
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22. Predictors of prolonged
supratherapeutic serum lithium
concentrations: a retrospective chart
review

Salman Ahsan, Zachary Illg, Tim Moran,
Brent Morgan and Joseph Carpenter
Emory University School of Medicine

Background: The EXTRIP (Extracorporeal Treatments in
Poisoning) workgroup has recommended the extracorporeal
removal of lithium in severe poisoning if specific criteria are
met. These criteria include "If the expected time to obtain a
[Liþ]< 1.0 mEq/L with optimal management is > 36 h." There
is a lack of data regarding which patient characteristics are
associated with the rate at which patients achieve a [Liþ]< 1.0
mEq/L.
Methods: We conducted an IRB-approved chart review study
analyzing electronic medical records from five hospitals. Inclusion
criteria included: serum [Liþ] > 1.2 mEq/L during hospitalization
and poison center consultation. We excluded patients who
received an extracorporeal removal treatment before 36hours
had elapsed from the time of initial serum [Liþ] > 1.2 mEq/L.
Patient characteristics were described using frequencies and per-
centages for categorical variables, and medians and interquartile
ranges for continuous variables. Mean and median times-to-event
were computed using Kaplan-Meier estimates. The primary ana-
lysis consisted of a Cox regression and the resulting hazard ratios
(HR) and 95% confidence intervals (95% CI). Analyses were con-
ducted using R (v4.2; R Core Team).
Results: One hundred and two patients were included in the
study. The median age was 37 years, and the majority of the
patients were female (69%). The median initial [Liþ] was 2.1
mEq/L. The mean and median time to reach a [Liþ]< 1.0 mEq/L
were 47.1 (40.5–53.8) and 42.5 (33.9–51.0) hours, respectively.
Age, concurrent use of a thiazide, NSAID, or ACE/ARB, higher ini-
tial serum [Naþ] and higher initial serum [Liþ] were identified as
predictors of prolonged time to [Liþ]< 1 mEq/L.
Conclusions: In this retrospective chart review of patients with
supratherapeutic [Liþ], several risk factors for prolonged supra-
therapeutic [Liþ] were identified. Additionally, the estimated
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mean and median times to achieving serum [Liþ] goals
exceeded 36hours, indicating that extracorporeal treatments
might be underutilized in this population.
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23. Methotrexate bomb: gestational
SAC toxicokinetics, pancytopenia,
anuria after methotrexate termination
of pregnancy

Abdullatif Aloumia, Robert J. Hoffmana,
Noha Mohammed Hallolla, Rawan Hannousha,
Jinan AlQattanb and Ahmed Khoursheda
aAmiri Hospital Deparment of Emergency Medicine, Kuwait Poison
Control Center, Kuwait Ministry of Health; bAmiri Hospital
Department of Emergency Medicine, Kuwait Board of Emergency
Medicine

Background: Methotrexate (MTX) toxicity is well-described, and
consensus management recommendations exist. We present a
case of severe methotrexate toxicity with unique depot toxicoki-
netics, anuria requiring dialysis, and pancytopenia with absolute
neutropenia after gestational sac injection of MTX for pregnancy
termination.
Case report: A 37 (G5,P2,L1,A2) at pregnancy week 7 received
MTX 50mg in 50mL of normal saline injected into the gestational
sac under ultrasound guidance for pregnancy termination. That
evening she reported anuria but was reassured, instructed to
drink more, and discharged. The following day she sought treat-
ment for anuria, nausea, and vomiting. No urine return was
noted after placement of a foley catheter, and laboratory investi-
gations demonstrated acute kidney injury (AKI) and hepatic
injury. She received furosemide 50mg IV and normal saline
1000mL. Only 30mL of urine output resulted, so she was admit-
ted for further treatment, including broad spectrum antibiotics
for possible pyelonephritis, and daily hemodialysis for anuria. The
treating physicians considered possible MTX toxicity and ordered
a serum MTX concentration, with a result reported 5 days later.
The serum MTX level was 9.6mmol/L, and a toxicology consult-
ation was requested. The toxicology team recommended leuco-
vorin (150mg/m2 q6H). The patient developed jaundice,
thrombocytopenia with severe petechiae, facial hyperpigmenta-
tion, mucositis, and fever. Receiving leucovorin and dialysis, her
serial MTX levels decreased until post-procedure day 8.
Ultrasonography that day demonstrated an intact germinal sac.
She subsequently developed abdominal discomfort, vaginal dis-
charge and passed products of conception. The following day,
the MTX level precipitously rose from 0.08 to 2.7 Umol/L. She
developed leukopenia progressing to absolute neutropenia and
was treated with GCSF 300mcg/day for 6 days.
Thrombocytopenia was treated by platelet administration six
times, and anemia was treated by PRBC infusion three times. Her
multiple issues- acute kidney injury, hepatic injury, pancytopenia,
and mucositis- resolved over 18 days, and she was discharged
on day 24.
Discussion: This case involved unusual toxicokinetics, with MTX
in the gestational sac acting as a depot. Gestational sac rupture
on day 9 resulted in precipitous elevation of the MTX level.
Based on the MTX level, body mass, and information from the
treating hospital, it is believed that a 50–100-fold dosing error
possibly occurred. Hemodialysis was required to treat anuria for
9 days, and during the initial 6 days before leucovorin was initi-
ated, hemodialysis was the only therapy increasing MTX

elimination. Repeated treatment with GCSF, and platelet and red
blood cell transfusions were required.
Conclusions: MTX within the gestational sac exhibited toxicoki-
netics with depot properties, with elevation in serum level after
gestational sac rupture. It is possible that sequestration of MTX
in the gestational sac, with delayed release, was protective in
this case. The gestational sac toxicokinetics are understandable
but interesting. Consensus guidelines for MTX toxicity don’t rec-
ommend routine hemodialysis, but it may be required to treat
AKI, and if leucovorin cannot be administered or in cases of
anuria, hemodialysis may be the option to ameliorate MTX tox-
icity. If available, glucarpidase would have been a potentially use-
ful therapy.
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24. Bismuth neurotoxicity successfully
treated with dimeraptosuccinic acid

Mark J. Neavyn, Michael Yu, Yusuf Ebrahim and
C. James Watson
Maine Medical Center

Background: Chronic bismuth toxicity causes progressive myo-
clonic encephalopathy. Findings include neuropsychiatric
changes (inattention, memory impairment, and hallucinations)
and motor findings (tremors, spasticity, myoclonus, and ataxia).
Chelation with dimercaptosuccinic acid (DMSA) has been used,
although evidence is limited to case reports and animal studies.
Given the risks of chelation, it should only be considered in
severe or unimproving cases. We describe a case of severe bis-
muth neurotoxicity treated with DMSA with neurocognitive
recovery as evidenced by subjective self-report and quantitative
Montreal Cognitive Assessment (MoCA).
Case report: A 63-year-old male with a history of metastatic mel-
anoma (MM) in remission presents to the emergency department
(ED) after witnessed seizure-like activity. In the ED, the patient
was confused with episodes of generalized spasticity lasting
15–30 seconds. Over the preceding 9 months, the patient experi-
enced progressive decline in neurologic status, leading to loss of
professional employment. His decline hastened in the two
months preceding presentation, with worsening memory, atten-
tion, and executive functioning. He also developed spastic move-
ments, tremors, and imbalance. He was admitted and underwent
an extensive multidisciplinary work-up including MRI neuroimag-
ing and lumbar puncture to exclude infectious, autoimmune, and
paraneoplastic encephalopathies. Prion disease was considered
the likely diagnosis; however, testing results proved negative.
Neurologic toxicity from immunotherapy was less likely, since
treatment with nivolumab/ipilimunab for MM was stopped over
one year prior. During admission, he received intravenous ste-
roids and immunoglobulin. He experienced a subtle improve-
ment in myoclonus after starting levetiracetam, but failed
participation in MoCA due to severity of cognitive impairment.
The patient remained severely impaired, and on hospital day
(HD) #19, medical toxicology was consulted. Additional history
revealed the patient developed gastrointestinal symptoms after
his MM immunotherapy 2 years prior, and began consuming bis-
muth subsalicylate to treat his vomiting and diarrhea. He
ingested liquid bismuth subsalicylate 525mg twice daily with
multiple additional 262mg ts as needed. Serum bismuth concen-
trations were ordered on blood from HD-16, as well as day of
consultation. Confirmatory results returned on HD-22 and chela-
tion with DMSA began. After one week the patient continued to
improve and was discharged to inpatient rehabilitation. He spent
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one week in rehabilitation and was stable for home care.
Throughout his 21-day chelation course he had serial MoCAs in
addition to bismuth surveillance . At day #120, since hospital
admission the patient has had substantial improvement in cogni-
tive function and has returned to previous activities, but has not
yet returned to his high level profession.
Discussion: While DMSA enhances bismuth elimination, there is
little data surrounding clinical outcomes. Neurocognitive
improvement after initiation of chelation was substantial in this
case. MoCA scoring began from “untes” cognitive functioning to
> 27/30 over the course of chelation.
Conclusions: Serial bismuth concentrations and MoCA assess-
ments aid in the management of bismuth neurotoxicity. In cases
of severe toxicity, bismuth is detected in the CSF. DMSA chela-
tion should be considered if severe neurotoxicity continues des-
pite removal from exposure.
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25. Amlodipine therapeutic
misadventures reported to a
statewide poison control system

Jennifer Chang and Justin Lewis
California Poison Control

Background: The current Poisindex hospital referral threshold for
amlodipine in adults is > 10mg. Anecdotally, patients chronically
on amlodipine often tolerate a one-time double-dose without
clinically significant hypotension. The purpose of this study was
to determine if accidental adult ingestions of < 21mg amlodi-
pine might be safely observed at home.
Methods: This is a retrospective chart review of single-substance
cases reported to a statewide Poison Control System from 1/1/
2002 to 12/31/2021 involving unintentional acute-on-chronic
amlodipine ingestions > 9mg in adults observed at least 6 hours
post ingestion. Exclusion criteria: acute ingestions, cases observed
< 6 hours, cases with any reason for exposure other than
“unintentional– therapeutic error” and cases with dosing cer-
tainty other than “exact” as defined by author interpretation of
the documented case history.
Results: A total of 581 cases were identified and 103 cases (18%)
met study criteria. Hospital management occurred in 65 cases
(63.1%) with 38 managed on-site. Of included cases, the average
age was 66.3 years with 64.1% females. The amounts ingested
ranged from 10 to 70mg (mean 22.4mg). Reported clinical
effects included dizziness/lightheadedness in 18 cases (17.5%),
bradycardia in 8 cases (7.8%), hypotension in 2 cases (1.9%) and
hypotension with bradycardia in one patient (1.0%). No effects
developed in 76 (73.7%) cases and no deaths occurred. In 19
(18.4%) cases the patient was also taking cardiac or antihyperten-
sive medications at prescribed doses; none of which developed
hypotension. Of 68 cases ingesting < 21mg (mean 16.5mg;
range 10–20mg), 10 (14.7%) experienced dizziness/lightheaded-
ness only and 5 (7.4%) developed asymptomatic bradycardia not
requiring intervention. No patients developed hypotension alone,
but transient hypotension (80 SBP) with bradycardia (HR 30’s
bpm), pallor, and syncope developed in one (1.5%) male aged 50
who took 10mg amlodipine daily as his only antihypertensive
medication and took another 10mg 4hours after the first dose.
Symptoms developed 5hours after the initial 10mg dose and
1hour after the second 10mg dose. He received IVF, calcium
gluconate 1 gm, and glucagon 1mg. No further interventions
were needed and he was discharged the next day. No effects

developed in 52 (76.5%) of cases ingesting < 21mg. Of 35 cases
ingesting > 20mg (mean 33.7mg; range 25–70mg), 6 (17.1%)
experienced dizziness/lightheadedness only, 3 (8.6%) developed
asymptomatic bradycardia not requiring intervention, and 2
(5.7%) developed isolated hypotension requiring IVF after inges-
tion of 40mg and 35mg respectively. No effects developed in 24
(68.6%) cases.
Conclusions: This study confirms prior research that home man-
agement is reasonable in adult accidental acute-on-chronic inges-
tions of < 21mg amlodipine if the patient is not alone and
poison center follow up can be performed over an 8-hour period
post-ingestion to assess for symptoms requiring hospital referral.
This approach will save significant resources for both patients
and the healthcare system by avoiding unnecessary emergency
department visits in asymptomatic patients.
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26. A 21-year review of
supratherapeutic bupropion
ingestions as reported to a single
regional poison center

Crystal Proshek, Patrick Filkins and Robert Geller
Georgia Poison Center

Background: Bupropion is an aminoketone antidepressant FDA-
approved for adult depression, seasonal affective disorder, and
smoking cessation. It acts by selectively inhibiting neuronal
reuptake of dopamine, norepinephrine, and serotonin.
Unintentional supratherapeutic doses of bupropion are fre-
quently reported to regional poison centers (RPC). Literature
describes any therapeutic misadventure of > 600mg as increas-
ing the risk of seizures. Our aim is to report the incidence and
outcomes of exposures involving supratherapeutic doses of
bupropion reported by a single RPC.
Methods: This is a single poison center retrospective chart
review of data reported from 1 January 2000 to 31 December
2021, and included patients of all ages with a history of uninten-
tional acute-on-chronic ingestions of bupropion. Other inclusion
criteria were a history of the amount of bupropion ingested and
a documented outcome. Data were analyzed for patients' demo-
graphics, the amount and duration of bupropion use, and clinical
effects reported.
Results: Over a 21-year period, 1793 cases of supratherapeutic
bupropion ingestions were reported of which 156 (8.6%) met all
inclusion criteria. For all included exposures, the average age was
43.5 years with 68.6% females. There were 106 (67.9%) cases
describing exact known amounts ingested, 35 (22.4%) with esti-
mated amounts, and 15 (9.6%) described as maximum possible.
The amounts ingested ranged from 225mg to 4350mg. For
cases meeting inclusion criteria, 52 (33.3%) had been on bupro-
pion for > 3 months, 48 (30.8%) were < 3 months, and 56
(35.9%) of unknown duration. The most reported symptoms
were dizziness (10.3%), nausea (10.3%), tachycardia (10.3%), and
tremor (10.3%). No effects were reported in 52 (33.3%) of cases.
Out of 156 cases, 36 (23.1%) were managed at home, 111
(71.2%) were treated in a healthcare facility, and 9 (5.7%) other.
Ninety-eight (62.8%) patients ingested no more than a double-
dose, 56 (35.8%) more than double their daily dose, and the
therapeutic dose was unknown for 2 patients. Of those who
ingested no more than double their daily dose, 35 (35.7%) expe-
rienced no effects, 40 (40.8%) minor effects, 21 (21.4%) moderate
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effects, and 2 (2%) major effects. There were 6 (6.1%) who had a
documented seizure at no more than double their daily dose.
Only 16 (10.3%) with moderate and 2 (1.3%) with major effects
were single agent ingestions. The two cases with major effects
experienced multiple seizures after doses of 300mg (double their
daily dose) and 900mg (600mg normal daily dose).
Conclusions: Based on review of 21 years of data for uninten-
tional supratherapeutic bupropion ingestions reported to the
RPC, it is suggested that patients who ingest double their thera-
peutic dose of bupropion or above be observed at a healthcare
facility due to the risk of seizures. Clinical effects are highly vari-
able, but patients are likely to experience more than minor
effects, including seizures, at double their therapeutic dose.
Further studies are needed to identify a clinically safe weight-
based triage number for bupropion. This study is limited by its
retrospective nature, inconsistencies in coding and follow-up
practices, and incomplete data reported to the RPC.
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27. Compounded semaglutide
products may “compound” the risk of
therapeutic errors

Denise Couch, Masha Yemets and James Leonard
Maryland Poison Center

Background: The popularity of the once weekly injectable
product semaglutide, a glucagon-like peptide-1 receptor agon-
ist, as therapy for weight loss has led to drug shortages across
the United States. As a result, compounding pharmacies offer
compounded semaglutide combination products in multidose
vials, differing from the single dose pen version of the com-
mercial product. Patients must draw up the appropriate dose
from the vial. We report a series of dosing errors with com-
pounded semaglutide that resulted in prolonged adverse
effects and visits to emergency departments (EDs) for symp-
tomatic management.
Case series: Five female patients ages 35, 47, 49, 53 and 58
were prescribed compounded semaglutide combinations for
weight loss. Dosing instructions were misinterpreted in each
case. Case 1 injected daily instead of weekly with increasing
doses over 3 days. The recommended regimen was in units start-
ing at 5 units and increasing by 5 units each week, which the
patient titrated over the 3 days. Cases 2-4 injected 10 times the
intended starting dose. Case 5 administered 20 times the
intended dose. The vial sizes and concentrations included 5mg/
2mL, 5mg/2.5mL, and 12.5mg/2.5mL. The three patients with
the 10-fold dosing error drew up 0.5mL of solution rather than
0.05mL. The fifth patient inadvertently pulled up a full 1mL syr-
inge instead of 0.05mL, giving herself a 5mg dose. Case 1 com-
plained of satiety, continual heartburn, and food intolerance.
Cases 2-5 had persistent nausea and vomiting, especially over
the first several days, mostly improving by day 3 or 4, which cor-
responds with the time to peak of 1-3 days after subcutaneous
administration. These patients required treatment with intraven-
ous fluids and antiemetics to manage their symptoms and fluid
losses. On follow up, cases 2, 4, and 5 had to slowly reintroduce
solid foods back into their diet.
Discussion: Patients provided with compounded semaglutide
vials for weight loss may be new to self-injections. Unfamiliarity
with drawing up medication via syringe, misunderstandings
between milliliters, milligrams or unit-based syringes and limited
patient teaching may contribute to these types of therapeutic
mistakes. Since these products are multidose vials, the degree of
dosing error can be significantly larger compared to dosing

mistakes with the pens. The duration of adverse effects also lin-
gers for days and increases the risk of returning to the ED. The
titrating doses some of the patients reported were faster than
the recommended titrations on commercially available products,
further augmenting the possibility of an error and negative clin-
ical effects. Information about this exposure is limited and the
Food and Drug Administration Adverse Events Reporting System
(FAERS) has recorded 8 cases of similar reactions to compounded
semaglutide.
Conclusions: This series demonstrates dosing errors with com-
pounded semaglutide. Poison centers and health care providers
should be aware of the possible risks and the duration of effects
of potential therapeutic errors in this patient population who are
often new to self-inject therapies.

KEYWORDS Semaglutide; therapeutic error
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28. Tirzepatide-induced starvation
ketoacidosis: a case report

Julianne Mercera, Jeremy Lipscombb,
Justina Lipscomba, Han Gaoc and Kevin Kingc
aUniversity of Texas at Austin College of Pharmacy; bUniversity
Hospital; cUniversity of Texas Health Science Center at San
Antonio

Background: Tirzepatide is a novel glucagon-like peptide-1
receptor agonist (GLP-1 RA) and glucose-dependent insulino-
tropic polypeptide (GIP) agonist indicated as an adjunct therapy
to diet and exercise in adults with type 2 diabetes mellitus
(T2DM). By activating both GIP and GLP-1, it synergistically stimu-
lates glucose-dependent insulin release. This mechanism also
potentiates extra-pancreatic effects such as increased satiety and
reduced appetite, making it an effective therapy for weight loss.
However, during clinical trials, tirzepatide was associated with a
16-fold higher dropout rate than placebo due to treatment-limit-
ing gastrointestinal (GI) side effects such as nausea and vomiting.
Case report: This case report describes the development of
severe GI-related adverse effects leading to starvation ketoacido-
sis in a 29-year-old female, with a body mass index of 26.5 kg/
m2, following the administration of tirzepatide. The patient
reported that she was prescribed tirzepatide 2.5mg subcutane-
ous injection once weekly for weight loss. She did not report
having a history of T2DM. After suffering from nausea and vomit-
ing for five days after administering the third weekly dose, she
presented to the emergency department. Laboratory findings
showed metabolic acidosis (pH 7.24, bicarbonate 13 mEq/L) with
an increased anion gap (anion gap 17), an elevated beta-hydrox-
ybutyrate level (beta-hydroxybutyrate 61.7), euglycemia (blood
glucose 86mg/dL), hypokalemia (potassium 3.2mEq/L), and
hypophosphatemia (phosphorous 1.6mg/dL). Based on the
patient's five days of vomiting, oral intolerance, and the absence
of other causes of anion gap metabolic acidosis, starvation ketoa-
cidosis was diagnosed. The patient received balanced crystalloid
fluids, 0.9% sodium chloride – 5% dextrose, and 5% dextrose –

0.45% sodium chloride with potassium chloride 20 mEq. With
the administration of anti-emetics, dextrose, and adequate elec-
trolyte replacement, the patient's anion gap closed.
Discussion: During starvation, a low insulin/glucagon ratio stimu-
lates lipolysis and the generation of ketone bodies which pro-
gressively depletes the alkali reserve causing ketoacidosis.
Combined insulin and GLP-1 RA regimens in patients with T2DM
have been associated with diabetic ketoacidosis. This case is
unique in that the patient was an otherwise healthy non-diabetic,
but experienced intractable nausea and vomiting, resulting in
electrolyte abnormalities and starvation ketoacidosis following tir-
zepatide administration. Of note, the greatest risk of GI adverse

14 ABSTRACT



effects is typically seen with the initiation or dose titration of tir-
zepatide. Although this patient was susceptible to the common
GI effects of tirzepatide, she presented with a rare and exacer-
bated case that rendered her unable to continue treatment due
to the development of life-threatening starvation ketoacidosis.
Conclusions: To our knowledge, no case reports or case series
describing starvation ketoacidosis secondary to intractable nau-
sea and vomiting following tirzepatide administration have
been reported. Patient and provider awareness of the potential
severity of GI effects following tirzepatide administration may
facilitate prompt recognition of life-threatening ketoacidosis in
the future.

KEYWORDS Tirzepatide; ketoacidosis
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29. Succimer treatment for bismuth
toxicity

Joseph Clemonsa and Zane Horowitzb
aOHSU; bOregon-Alaska-Guam Poison Center, Oregon Health
Science University

Background: Bismuth encephalopathy is a rare yet serious med-
ical condition caused by the excessive chronic intake of bismuth-
containing compounds. Bismuth is a heavy metal element found
in over-the-counter medications for treating gastrointestinal
symptoms, such as flatulence, dyspepsia, and odor. Bismuth com-
pounds are safe when used as directed. Chronic or excessive use
can result in toxic accumulation in the body, and can present
with neurological symptoms, classically myoclonic encephalop-
athy. This case report highlights the treatment of a patient with
bismuth encephalopathy using succimer as a chelating agent.
Case report: A 39-year-old male with a past history of attention
deficit hyperactivity disorder, bipolar disorder, and chronic flatu-
lence presented to the emergency department with confusion,
myoclonic jerks, and tachycardia. The patient had been using
large amounts of Devrom (bismuth subgallate) for his long-stand-
ing flatulence. He had been hospitalized previously for seizure-
like activity and encephalitis, six months earlier and was diag-
nosed with serotonin syndrome. His SSRI was discontinued at
that time. On initial assessment, the patient was found to be dis-
oriented and exhibited signs of myoclonus. His vital signs were
afebrile with a heart rate of 120 beats per minute and a BP 154/
96. The patient's history of chronic bismuth-containing medica-
tion ingestion raised suspicion of chronic bismuth toxicity. Initial
laboratory revealed elevated serum bismuth concentration (>
500ng/mL). The patient was admitted to the hospital for further
management and monitoring. Bismuth subgallate was discontin-
ued. His symptoms gradually improved during his hospital stay
of thirteen days. At discharge the patient still felt slightly con-
fused and "not back to baseline." He was started on oral
Succimer treatment (10mg/kg TID �5d, then 10mg/kg BID
�14d). Repeat bismuth concentration one week after starting
treatment showed a 24hr urine bismuth of 171.7mcg/L and a
serum bismuth of 245.8mcg/L. Two weeks after completing
19day treatment, the patient remained asymptomatic, with a
24hr urine bismuth of 11.5mcg/L and a serum bismuth of
3.2mcg/L.
Conclusions: This case emphasizes bismuth toxicity as a poten-
tial consequence of chronic ingestion of bismuth-containing stool
deodorizers. Previous case reports cite using dimercaprol as a
chelating agent, but succimer was chosen in this case due to
structural similarity and lack of availability of dimercaprol.
Although bismuth compounds are widely used, and generally
well-tolerated, excessive use can lead to toxic accumulation and
progressive encephalopathy. Clinicians should be aware of the
potential for bismuth toxicity in patients with neurological and

cardiovascular symptoms, especially if there is a history of exces-
sive use of bismuth-containing compounds.
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30. Paxlovid induced serotonin
syndrome

Ashley Jensen, Carrie Oakland, Samantha Lee,
Travis Olives and Jon Cole
Minnesota Poison Control System

Background: Covid-19 (SARS-CoV-2) is a highly contagious infec-
tious disease responsible for the current coronavirus pandemic
that has caused over 6 million deaths worldwide. In clinical trials,
PaxlovidTM (nirmatrelvir/ritonavir) has been shown to reduce the
risk of hospitalization and death in people with mild to moderate
COVID-19 at high risk of developing severe disease. While prom-
ising, clinically significant drug-drug interactions may occur,
mostly due to ritonavir’s potent inhibition of cytochrome
CYP3A4. We present a case of serotonin syndrome, likely due to
drug-drug interactions in a patient newly prescribed PaxlovidTM

to treat Covid-19.
Case report: A 43-year-old woman presented to a tertiary care
facility after starting PaxlovidTM 4 days earlier for confirmed
Covid-19 illness. She took the medication as prescribed along
with her other daily medications, which included venlafaxine, bus-
pirone, and trazodone (unknown daily doses). The day prior to
her ED visit, family noticed she was withdrawn, confused, and
unable to keep up with normal activities of daily living. On phys-
ical exam, she had bilateral nystagmus, inducible clonus in her
extremities, and hyperreflexia. She was noted to be tachycardic
(110–120 beats/minute) and hypertensive (systolic BP 150mmHg).
EKG revealed a QTc interval of 482 msec and QT interval of 350
msec. Lab-work was no for a serum sodium of 110mEq/L.
Acetaminophen, salicylate, and alcohol concentrations were nega-
tive. With concerns for possible serotonin syndrome (Hunter
Criteria were met), she was given lorazepam 2mg and intraven-
ous fluids and admitted to the hospital. An emphasis was placed
on avoiding serotonergic medications such as fentanyl, and body
temperature was monitored closely. Over 48hours the patient
clinically improved, and sodium level returned to normal.
Discussion: Ritonavir is a CYP3A4 inhibitor, while buspirone and
trazodone are both CYP3A4 substrates. Coadministration over
four days resulted in decreased elimination of the serotonergic
agents and thus symptoms consistent with serotonin syndrome.
Venlafaxine is a CYP2D6 substrate and was not subject to this
drug interaction but had the potential to exacerbate symptoms
given its own serotonergic activity. Hyponatremia is a rare com-
plication of serotonin syndrome and more common amongst eld-
erly patients, but was demonstrated here without any other no
medical cause or explanation, and onset of symptoms seemed to
align with the time she started PaxlovidTM. Nonetheless, altered
mental status and confusion could have been solely related to
the hyponatremia as well. Information that would have aided in
a more thorough assessment of this case would have been retail
pharmacy records showing whether or not her medications were
filled at the same location and if perhaps a drug-drug interaction
alert was bypassed.
Conclusions: PaxlovidTM, while an important treatment for
COVID-19, carries a high risk for potential drug-drug interactions,
some of which can be severe. With the anticipated permanent
presence of COVID-19, it is imperative that healthcare providers
ensure thorough medication review and consultation prior to dis-
pensing PaxlovidTM to minimize these drug-drug interactions
whenever possible, and that providers collaborate when able to
ensure continuity of care.
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31. Overdose of a novel combination
antidepressant, dextromethorphan-
bupropion extended release

Caleb Fredrickson, Emilie Lothet, Kim-Long Nguyen,
Karen Bertels and Michael Mullins
Washington University in St. Louis

Background: In August 2022, the FDA approved a new dextro-
methorphan/bupropion (DXM-BUP) extended-release t (AuvelityV

R

,
Axsome Therapeutics, New York, NY) for the treatment of major
depression. The putative mechanisms include N-methyl-D-aspar-
tate (NMDA) antagonism by DXM and CYP 2D6 inhibition by BUP
to increase DXM concentrations. While BUP may increase dopa-
mine and norepinephrine concentrations in the postsynaptic
cleft, the manufacturer asserts that this is not the primary effect.
DXM is thought to increase Brain Derived Neurotrophic Factor
(BDNF) concentrations, amongst other antidepressant mecha-
nisms. To our knowledge, there are no prior documented cases
of DXM-BUP overdose.
Case report: A 22-year-old man with a history of depression,
Reynaud’s phenomena, and ADHD presented to a community
emergency department with hallucinations. He was prescribed
DXM-BUP 45–105mg extended release ts for depression.
Throughout the week, the patient had been taking up to three
ts daily, totaling 135mg of DXM and 315mg BUP, to abuse the
drug recreationally. The day of his ED presentation, he ingested
a fourth t, totaling 180mg DXM and 420mg of BUP with intent
to “get high”. His parents noticed erratic behavior and brief
seizure-like activity. He also had visual hallucinations, saying
the “glass was moving in the ambulance.” He also described
auditory hallucinations, stating he perceived a “whistling
sound.” His EKG on ED presentation showed a heart rate of 155
beats/min, QRS duration of 105ms, and a QT interval of
290ms. He received supplemental oxygen up to 6 L/min due to
desaturation. He had a slightly elevated anion gap of 17 and
creatinine of 121mmol/L (1.37mg/dL). The remainder of his
chemistries, including lactate and troponin, were normal.
Immunoassay urine drug screen was negative. Ethanol, acet-
aminophen, and salicylates were undetectable. He received
1mg of lorazepam, 1000mL normal saline, and 2 g of magne-
sium sulfate in the ED. He was admitted to the intensive care
unit with seizure precautions for overnight observation. His hal-
lucinations subsided over the 12 h with gradual return to nor-
mal heart rate over 30 h. DXM-BUP was discontinued, and the
patient received a prescription for escitalopram for his
depression.
Discussion: The combination of dextromethorphan and bupro-
pion presents a complex problem in overdose. Bupropion, a syn-
thetic cathinone, lowers the seizure threshold and has
sympathomimetic effects such as tachycardia, hypertension, and
diaphoresis. It also inhibits gap junctions in cardiomyocytes, pre-
venting propagation of depolarization of excitatory cells. This in
turn can cause QRS prolongation and dysrhythmias.
Dextromethorphan, a weak opioid agonist, inhibits serotonin
reuptake and may cause serotonin syndrome. The NMDA antag-
onism can also lead to dissociation and hallucinations. In this
case, seizures, hallucinations, and sympathomimetic toxicity grad-
ually resolved with benzodiazepines and IV fluids. Tachycardia is
usually a worrisome sign in acute BUP overdose but may result
from either DXM, BUP, or both.
Conclusions: Overdose of this novel combination of two familiar
drugs produced tachycardia, seizure-like activity, and both audi-
tory and visual hallucinations.
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32. Intentional ingestion of novel
combination antidepressant
dextromethorphan/bupropion

Brandtly Yakey and Andrew King
Michigan Poison & Drug Information Center, Wayne State
University School of Medicine

Background: The understanding of the basis of depression is
evolving and new treatments may involve antagonizing N-
methyl-D-aspartate (NMDA). To harness this mechanism a new
combination antidepressant has entered the market that contains
dextromethorphan 45mg and bupropion 105mg extended
release (ER). In addition to the NMDA antagonism, dextromethor-
phan also blocks the reuptake of presynaptic serotonin reuptake
and alters dopaminergic neurotransmission. Bupropion’s thera-
peutic mechanism is through norepinephrine and dopamine
reuptake inhibition, however its role in serotonin toxicity is con-
troversial. This formulation additionally takes advantage of
CYP2D6 inhibition via bupropion to increase plasma concentra-
tions of dextromethorphan. While the neurotoxicity and cardio-
toxicity of bupropion and dextromethorphan are known, the
combination of the two in overdose via this new formulation has
not been reported. We present a case of overdose involving this
co-formulation resulting in seizures and prolonged clinical signs
of serotonin toxicity.
Case report: Twenty-year-old male with history of depression
presented to the ED after intentional ingestion of “one bottle” of
dextromethorphan/bupropion ER 45/105mg. Upon arrival, he
was alert and vital signs were: BP 131/60mmHg, HR 113 bpm,
RR 16 bpm, T 36.8 Celsius, SpO2 95% on room air. Shortly after
arrival, he had a self-terminating generalized tonic-clonic (GTC)
seizure lasting 2minutes. Intravenous (IV) lorazepam 2mg was
administered without return to baseline. One hour later, he expe-
rienced another self-terminating GTC seizure lasting 1minute and
received IV lorazepam 2mg. His examination was significant for
tachycardia, diaphoresis, patella hyperreflexia, tremor, and clonus
in the lower extremities. Cyproheptadine 12mg via nasogastric
tube and levetiracetam were administered. He was intubated
eight hours later for airway protection and sedated with dexme-
detomidine. Medical toxicology was consulted and recom-
mended sedation with a midazolam infusion. A gas
chromatography/mass spectrometry analysis (GCMS) of the
patient’s urine was positive for bupropion and metabolites, leve-
tiracetam, dextromethorphan and metabolites, levorphanol, and
citalopram. Intervals were normal on ECG. He was admitted to
the intensive care unit and continued to exhibit neuromuscular
hyperexcitability requiring sedation with midazolam and dexme-
detomidine. He was extubated on hospital day (HD) 5 with
return to baseline mental status and transferred to inpatient psy-
chiatric facility on HD 9.
Discussion: This, to our knowledge, is the first documented case
of intentional overdose with the combination therapy of dextro-
methorphan/bupropion. Dextromethorphan’s NMDA antagonism
theoretically provides neuroprotective effects and antiepileptic
properties. Despite this, he experienced repeat seizure activity
consistent with presumed bupropion and/or serotonin toxicity.
He exhibited signs and symptoms consistent with serotonin tox-
icity. No further seizures were observed after initiation of midazo-
lam. Limitations include no quantitative analysis and GCMS
revealed presence of citalopram, another serotonergic agent that
may have contributed to toxicity.
Conclusions: Dextromethorphan/bupropion is a new combin-
ation therapy for major depressive disorder. Toxicity presents
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with seizures and serotonin toxicity. Dextromethorphan did not
appear to be protective of bupropion’s epileptogenic properties.
Healthcare providers’ awareness of this coformulation is prudent
with overdose management prioritizing aggressive sedation.
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33. Association of metformin
associated lactic acidosis (MALA)
following acute illness in patients on
chronic metformin therapy

Elizabeth Scharmana and Rachel Cruickshankb
aWest Virginia Poison Center; bCharleston Area Medical Center

Background: MALA is defined as a serum lactate of �5mmol/L and
a serum pH of �7.35. The literature related to MALA, and metfor-
min’s Black Box Warning, is heavily focused on which patients, if any,
to exclude from metformin therapy initiation. However, with the
focus being the rare incidence of MALA with appropriate, chronic
administration of metformin, attention to preventing MALA in
patients on chronic therapy who develop an acute illness is lacking.
Case series: A Poison Center’s database from January 2018 to
February 2023, for metformin exposures ages 18–100 years was
searched. Of these 288 cases, 52 had clinical effect of acidosis
coded. Narratives from the 41 of 52 cases in which National
Poison Data System (NPDS) reason code equaled adverse reac-
tion-drug (ADR) (n ¼ 6) or intentional-suspected suicidal (n ¼ 35)
were reviewed. All six ADR cases (100%) met the MALA defin-
ition, none had a co-ingestant or medical cause (e.g., sepsis)
explaining the elevated lactate. All 6 presented following an
acute illness involving decreased oral intake and subsequent
acute kidney injury (AKI). Four of 6 received vasopressors, 4
received hemodialysis (HD), 1 continuous renal replacement ther-
apy (CRRT). Two of the 6 died, 3 had a major effect outcome
(average length of stay 14 days) and one moderate effect out-
come. For comparison, only 3 of the 35 (9%) intentional self-
harm cases met criteria for MALA without an identified cause for
lactate elevation. All 3 received vasopressors and extracorporeal
elimination; two died.
Discussion: The literature debate and discussion over whether
MALA risk consideration has a place in initiation of metformin
therapy has led many practitioners to believe that MALA is not
of concern. In this series, MALA developed in patients taking
metformin following acute illness with decreased oral intake
leading to AKI. The result was prolonged hospitalization, invasive
interventions, intensive vasopressor therapy and outcomes from
moderate to death. Metformin levels have not been found to
correlate with severity and this center’s experience is consistent
with real world conditions in which metformin levels are not
readily available in the clinical setting yet patients need to be
managed. In all 6 cases, other medical causes of MALA were
excluded by laboratory/medical findings; the common feature
was an acute illness with MALA as a complication. This is in
keeping with a study that evaluated hemodialysis for MALA in
which all 4 of the 7 patients with MALA and confirmed metfor-
min levels were noted to have developed MALA after an acute
illness (the other three were acute overdose cases).
Conclusions: Increased awareness of preventable, clinically sig-
nificant MALA in patients chronically taking metformin should be
used by prescribers and pharmacists as a reminder to counsel
patients to hold doses should they develop and illness that pre-
vents normal eating and drinking and contact their prescriber.
The debate about rare cases of MALA in patients with daily met-
formin use should not detract from counseling best-practices.
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34. The baclofen blues: hemodialysis
for baclofen toxicity

Brandon Marshall, Gregory Mathelier,
William Trautman, Alek Adkins, Faiz Ahmed,
Carin Malley, Kaytlin Sisco and Anthony Pizon
University of Pittsburgh Medical Center

Background: Baclofen is a GABA-B agonist that is often used to
treat muscle spasticity and rigidity. It is renally cleared at a high
rate in patients with normal renal function. Protein binding is 30-
35%, with an endogenous half-life of 3-6 hours in patients with
normal renal function. When renal dysfunction is present,
patients are at high risk for baclofen accumulation and subse-
quent toxicity. Hemodialysis has been reported to be beneficial
in patients with toxicity from therapeutic baclofen with kidney
impairment, however few reports quantitatively describe baclofen
clearance with intermittent hemodialysis.
Case report: An 84-year-old female patient with history chronic
kidney disease presented to the emergency department (ED)
after being found encephalopathic by a family member. Three
days prior to her presentation, her primary care physician
added baclofen 20 milligrams twice daily for chronic neck pain.
In the ED, she was found to be obtunded, with shallow respira-
tions, and responsive only to painful stimuli. A venous blood
gas showed respiratory acidosis with a pH of 7.28 and PCO2 of
62. Her creatinine was at her baseline of 2.0mg/dL with glom-
erular filtration rate of 24mL/min. The remainder of her labora-
tory work-up and a CT of her head was unremarkable and
baclofen toxicity was presumed. It was discovered that the
patient had orders for “do not intubate” and “do not
resuscitate” confirmed by her family and therefore the patient
was placed on bilevel positive airway pressure ventilation and
admitted to the medical intensive care unit. Given the inability
to provide definitive airway management with endotracheal
intubation, the decision was made to clear baclofen using inter-
mittent hemodialysis. Her pre-dialysis baclofen level was
0.47mcg/mL. Therapeutic reference range of baclofen is
0.2–0.4mcg/mL. After a four-hour session of intermittent hemo-
dialysis, her mental status improved and her respiratory acidosis
improved to pH of 7.35 and PCO2 of 52. Her post-dialysis
baclofen level was 0.17mcg/mL. She underwent one additional
four-hour session of intermittent hemodialysis with further
improvement of her mentation and normalization of her
respiratory acidosis. Repeat baclofen level was found to be
0.071mcg/mL. A repeat baclofen level was obtained the follow-
ing day to assess for rebound effect and was found to be
0.055mcg/mL. Calculated clearance while on dialysis was 33 L/h
compared to 3.8 L/h endogenously. Unfortunately, on hospital
day seven, the patient succumbed to aspiration pneumonia.
Discussion: Baclofen accumulation and toxicity is common in
patients with impaired renal function. In this case, a patient with
chronic kidney disease was placed on baclofen and showed evi-
dence of baclofen toxicity. Intermittent hemodialysis was shown
to effectively clear baclofen, with subsequent improvement of
the patient’s respiratory acidosis and obtundation. In this
instance, the patient suffered no baclofen withdrawal because it
was a recently started medication.
Conclusions: Intermittent hemodialysis may be used to effect-
ively clear baclofen in patients with impaired renal function.
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35. Toxicologic mimic: hearing loss
secondary to stroke in a patient on
cisplatin chemotherapy - an ear-
replaceable collaboration between
toxicology and neurology

Daniella Giardinaa, Michael Keenana,
Sarah Mahonskia and Devin Burkeb
aDepartment of Emergency Medicine, SUNY Upstate Medical
University, Syracuse, NY, USA; bDivision of Neurocritical Care,
Department of Neurology, SUNY Upstate Medical University,
Syracuse, NY, USA

Background: Cisplatin is a chemotherapeutic agent highly
associated with ototoxicity in over 50% of cases. Cisplatin and
the toxic metabolite cis-diamine(aqua)chloroplatinum are
transported into cochlear sensory hair cells. These agents
increase oxidative stress and trigger apoptosis. We report a
rare toxicological mimic – a patient undergoing treatment
with cisplatin who experienced hearing loss, ultimately deter-
mined to be due to infarct, rather than cisplatin-induced
ototoxicity.
Case report: A 52-year-old female with a past medical history of
right temporoparietal infarction, coronary artery disease, and
stage III cervical cancer on cisplatin presented to the emergency
department after waking up with deafness. The patient recently
underwent cycle 4 of cisplatin and radiation therapy. She denied
previous hearing dysfunction. Her initial work up included a CT
Head which revealed a prior right temporoparietal infarction, and
no new intracranial pathology. A CT angiogram showed no sig-
nificant occlusions. She was not eligible for acute stroke interven-
tions. She was admitted to the stroke service for further
evaluation and toxicology was consulted for possibility of cis-
platin-induced ototoxicity. MRI Brain with and without contrast
revealed left temporoparietal infarction as well as prior right tem-
poroparietal encephalomalacia indicative of prior infarction.
Audiometry was performed which confirmed bilateral sensori-
neural hearing loss. To further delineate the etiology, a Brainstem
Auditory Evoked Response (BAER) test was performed. The results
were normal, indicating an intact auditory pathway up to the
level of the inferior colliculus in the midbrain. This result pointed
towards a cortical etiology, making cisplatin ototoxicity very
unlikely. The likely etiology was bilateral sensorineural hearing
loss in the setting of acute ischemic stroke. Her hearing loss
improved (but did not resolve) during her hospital stay. The
patient was discharged to home. The case was discussed with
her outpatient gynecologic oncologists. Given the diagnostic cer-
tainty that the cisplatin chemotherapy did not cause her sensori-
neural hearing loss, she remained on Platinum-based
chemotherapeutic agents.
Discussion: Sudden onset sensorineural hearing loss has a wide
differential including infection, ototoxic drugs, trauma, auto-
immune disease, and acute ischemic stroke. However, acute bilat-
eral sensorineural hearing loss secondary to stroke is a rare entity,
requiring bilateral cortical infarction. Given the frequency of oto-
toxicity in patients treated with cisplatin, this creates diagnostic
challenge. In a patient with prior stroke and stroke risk factors,
this case highlights the need for caution in attributing hearing
loss to cisplatin. To differentiate, the history needs to be consid-
ered. Cisplatin ototoxicity has an insidious onset. Hearing loss
often begins shortly after cisplatin initiation and is irreversible.
This patient had already been receiving cisplatin for weeks.
Additionally, her hearing loss began to improve, which would not
be expected with cisplatin toxicity. Finally, the BAER findings did

not support the suspected pattern of cisplatin-induced hear-
ing loss.
Conclusions: While ototoxicity is common during cisplatin use,
other etiologies of hearing loss should be investigated, especially
given the risk of hypercoagulability with malignancy. This case
represents the importance of maintaining multiple differential
diagnoses and the benefit of collaboration between neurology
and toxicology to achieve the best outcome for our patients.
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36. Acute toxic conjunctivitis and
dermatitis after a single
benzalkonium chloride exposure

Christopher Evolaa, Brandon Kennedyb,
Alyrene Doreya and on behalf of the Toxicology
Investigators Consortium (ToxIC)
aDepartment of Emergency Medicine, University of Utah;
bDepartment of Ophthalmology, John A. Moran Eye Center,
University of Utah

Background: Benzalkonium chloride, a known preservative, has
been established as a mucosal irritant. The most common causes
of chronic toxicity are recurrent use of nasal and ophthalmic for-
mulations and unintentional ingestion. Acute toxicity causes
mucosal irritation and erosion of the gastrointestinal and respira-
tory tracts. Several studies have assessed whether this substance
is an irritant or an allergen. Although a mechanism has not been
established, these studies report that benzalkonium chloride is
an irritant and a weak allergen with sensitizing properties, how-
ever, allergies to benzalkonium chloride are thought to be rare.
Case report: A 68-year-old female with a history of bilateral cata-
ract surgery, Lasik with monovision, dry eye syndrome, and mei-
bomian gland dysfunction was evaluated in the emergency
department with concern for bilateral ocular chemical injury five
hours after using a benzalkonium chloride containing moist
towelette for make-up removal. She endorsed bilateral eye pain,
redness, periorbital edema, and discharge. She received two liters
of saline irrigation with no significant improvement. This was the
first time she had used these wipes for makeup removal. On
examination, her corrected visual acuity was 20/25 in the right
eye and 20/30 in the left eye. Visual fields, color vision, pupils
and intraocular pressures were all unremarkable. Extraocular
motility mildly limited by chemosis. Anterior segment examin-
ation demonstrated significant bilateral upper and lower eyelid
edema, erythema, mucopurulent discharge, 3þ 360 degree pro-
lapsing hemorrhagic chemosis with associated lagophthalmos.
The eyelids were everted and irrigated. The pH was physiologic
at 7.5 after irrigation. Her corneas were normal. The rest of her
anterior segment exam and the posterior segment exam were
unremarkable. The patient received additional irrigation and was
evaluated by an ophthalmologist with the above findings. She
was started on erythromycin ointment and preservative free arti-
ficial tears. Ophthalmology follow-up was scheduled. At her fol-
low-up appointment four days later, she was significantly
improved. The periorbital edema and discharge were resolved
and her chemosis was decreased. There were still conjunctival
follicles in her deep fornix, however, no other abnormalities were
seen. The erythromycin ointment was discontinued and she was
started on an oral prednisone taper for residual inflammation. At
her one-month follow-up appointment, she was asymptomatic
and had a normal examination without any permanent damage.
Discussion: Although the allergic and inflammatory characteristics
of benzalkonium chloride have been shown in chronic use, this
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patient denies any previous dermal, ophthalmic, or occupational
exposure to this substance. Additionally, she denied any history of
allergies. This case provides an example of bilateral acute toxic
conjunctivitis and dermatitis secondary to benzalkonium chloride
exposure. Given the widespread use of this substance as a preser-
vative, it is imperative to be cognizant of the risk of acute toxicity.
Although permanent damage was not seen in this case, the risk
remains if there is delayed presentation or treatment.
Conclusions: We present a case of acute toxic conjunctivitis and
dermatitis after a single benzalkonium chloride exposure. This
highlights the risk of acute toxicity in addition to the known risks
with chronic exposure.
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37. Units (mL vs. mg) matter:
iatrogenic cardiac arrest following a
five-fold intravenous diltiazem dosing
error

Ryan Fuchsa, Holly Droneb, Stacey Bangha,
Ann Arensa and Jon Colea
aMinnesota Poison Control System; bHennepin Healthcare

Background: Iatrogenic medication administration errors are
common despite continued work to eliminate their occurrence. In
intravenous formulation, the calcium channel blocker (CCB) diltia-
zem is a preferred agent for purposes of rapid control of supra-
ventricular tachydysrhythmias in hemodynamically stable patients
due to AV-nodal blocking activity. This medication has potential
for administration errors due to differences in dosing strengths in
intravenous versus oral formulations, and variation and complex-
ity of bolus, re-bolus, and infusion protocols. We report a case of
iatrogenic diltiazem overdose resulting in cardiac arrest success-
fully treated with intravenous calcium chloride and epinephrine.
Case report: A 49-year-old man presented to a low-volume, rural
ED with abdominal pain and tachycardia. He was found to have
supraventricular tachycardia resistant to rate controlling measures
with adenosine and IV metoprolol. Diltiazem was chosen as the
next therapy, however, instead of the intended 20mg IV bolus,
the patient received 20mL of diltiazem. At 5mg/mL concentra-
tion, he errantly received 100mg of IV diltiazem. He then briefly
suffered a brady-asystolic cardiac arrest, with return of spontan-
eous circulation achieved after administration of 2 g of calcium
chloride and 3mg of epinephrine. Post-arrest, the patient
regained consciousness with initial vitals of heart rate 122 beats/
min, blood pressure 118/93mmHg, oxygen saturation 99% on
room air. He was stabilized on a norepinephrine infusion to
maintain adequate blood pressure, which he required for
approximately 3-4 hours before it was successfully weaned with-
out further hemodynamic instability.
Discussion: Iatrogenic diltiazem overdose is a rare, however ser-
ious error that may result in hypotension, heart block and cardiac
arrest. Occurrences are likely underreported in the literature.
Following this overdose, the patient responded well to IV calcium
and usual advanced cardiac life support treatments, including epi-
nephrine. Metoprolol, a beta-adrenergic antagonist with AV nodal
blocking activity, may have enhanced the toxicity of diltiazem.
However, the five-fold iatrogenic diltiazem overdose and proximal
temporal relationship to cardiac arrest suggest diltiazem was the
culprit. Avoidance strategies for this type of medication error
should include measures such as limiting vial size of diltiazem
stored directly on hospital floors or in dispensing cabinets to
small vials (25mg/5mL). Large volume vials (e.g., 125 and 50mg/
10mL) should be stored in central pharmacy and be clearly

labeled for IV continuous infusion with dilution required.
Medication orders, both verbal and electronically written, should
be ordered in appropriate medication based units (mg, mcg,
units) and not in volumes. Providers should always use units
when verbally communicating medication doses; e.g. in this
instance an order to “give 20” could have contributed to the error
if the provider neglected to clarify ml or mg. Last, for high-risk
medications that are infrequently used, routine education for pro-
viders and nurses to prevent such iatrogenic errors is warranted.
Conclusions: Medication administration errors continue to pose
risk for severe iatrogenic harm to patients. In this case of intra-
venous diltiazem overdose, cardiac arrest ensued, however the
patient was successfully resuscitated with usual advanced life-
support measures, including epinephrine.
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38. Accidental intraventricular
injection of bupivacaine and
epinephrine treated with intravenous
lipid emulsion

Arthur Juraoa, Alexandru Ulicib, Carrie Oaklandb and
Jon Coleb
aRegions Hospital; bMinnesota Poison Control System

Background: Bupivacaine is a long-acting amide anesthetic, often
utilized for regional, local, or epidural anesthesia via blockade of
nerve sodium channels. Bupivacaine is used therapeutically in the
intrathecal space, and is sometimes co-administered with epi-
nephrine to prolong anesthesia via local vasoconstriction. While
there are many case reports of severe local anesthetic systemic
toxicity (LAST), including cardiovascular and neurologic complica-
tions requiring intravenous lipid emulsion (ILE) therapy, there is
scant literature on LAST from co-administration of bupivacaine
and epinephrine into the intrathecal space. Here we present a
case of an accidental intrathecal administration of bupivacaine
and epinephrine resulting in signs of LAST treated with ILE.
Case report: A patient with a brain tumor was intubated and
sedated with propofol for a procedure to insert an intraventricular
device into his brain. While the ventricle was meant to be instilled
with 5mg gentamicin for infection prophylaxis, 10mL of bupiva-
caine 0.25% (25mg) with 1:200,000 epinephrine (50mcg) was acci-
dentally administered. Blood pressure decreased with normal heart
rate, so 250mL of 20% ILE was given over 20minutes, followed by
an additional 118mL given 12minutes apart. The patient was
immediately placed on continuous electroencephalogram (EEG) to
monitor for seizure activity, however no seizures occurred on hos-
pital day (HD) one. The following day, systolic blood pressure
ranged from 106-114mmHg with pulse rates in the 50s, and the
patient was extubated without neurological sequelae.
Discussion: Cerebral ventricular administration of bupivacaine is
rare, so data is limited on toxicity from this route. Seizures are
reported from intrathecal injection of bupivacaine ranging as low
as 8-15mg, as compared to the larger 50-100mg doses causing
LAST due to presumed intravenous injection during regional
nerve blocks or epidurals. While the use of intrathecal epineph-
rine with local anesthetics is generally considered safe in correct
doses, and peripheral use of epinephrine may be protective
against LAST due to restriction of anesthetics into the circulation,
there is animal evidence that suggests epinephrine can worsen
anesthetic neurotoxicity due to reduction of dural blood flow,
reducing the clearance time from the subarachnoid space. ILE
therapy is proposed to work by acting as a “lipid sink” to pull
lipophilic drugs away from the brain and heart and redistribute
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them to other organs. ILE and 10% lipid-containing propofol
were both given to this patient after the exposure and would
logically abate symptoms of LAST, but it is unclear how much of
the bupivacaine could have escaped the CSF and affect the heart
to cause hypotension. While this patient recovered without any
major adverse effects, lack of knowledge of the kinetics of drugs
given intraventricularly prevents adequate assessment of whether
this outcome was affected by ILE.
Conclusions: In this case of an inadvertent intraventricular
administration of bupivacaine and epinephrine in which ILE was
given, it is unclear to what extent ILE had in preventing or treat-
ing LAST. Further studies are needed to evaluate the pharmaco-
kinetics of lipophilic drugs given intraventricularly.
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39. Tumescent lidocaine
administration with subsequent
systemic toxicity

Daniel Tiradoa, Cory Howardb and Vincent Calleoc
aDepartment of Emergency Medicine, SUNY Upstate Medical
University, Syracuse, NY, USA; bHCA Florida Brandon Hospital,
Brandon, FL, USA; cUpstate NY Poison Center, Syracuse, NY, USA

Background: Liposuction is an increasingly common procedure in
the United States. One anesthetic technique commonly used in
this procedure is the administration of tumescent lidocaine.
Tumescent lidocaine solutions also frequently contain epinephrine
and sodium bicarbonate to raise its toxic threshold and decrease
patient discomfort. We present a case of a 55-year-old female with
seizures and obtundation after tumescent lidocaine administration.
Case report: A 55-year-old female with no significant medical
history presented to the Emergency Department (ED) with severe
obtundation after possible seizure-like activity. Prior to ED arrival,
the patient was at baseline and received tumescent lidocaine for
a liposuction procedure. She received 1L of the tumescent solu-
tion containing normal saline infused with 100mL of 1% lido-
caine, 1.5mL epinephrine (1mg/mL), and 15mL of sodium
bicarbonate (8.4% sodium bicarbonate). She also was given
0.5mg of alprazolam and one breath of nitrous oxide for anxioly-
sis. Twenty minutes later, the patient had possible seizure-like
activity and severe obtundation. EMS administered midazolam
and seizures abated. The patient did not require cardiopulmon-
ary resuscitation. The patient was brought to the ED where she
was unresponsive and intubated for airway protection. She was
noted to have a heart rate of 118 beats per minute and respira-
tory rate of 24 breaths per minute; she was otherwise hemo-
dynamically s. ECG revealed sinus tachycardia with an
incomplete right bundle branch block, a QRS of 116ms, and QTc
of 453ms. Laboratory testing showed a pH of < 7.0, pCO2 of >
130, and lactate of 14.2mmol/L. Her basic metabolic panel was
nonactionable. The patient’s laboratory abnormalities improved
with supportive measures, and she was extubated the following
day. No epileptic activity was noted on EEG, and no other med-
ical causes were identified for her symptoms. She returned to
baseline and was discharged on hospital day two. Her lidocaine
level was 5.2mcg/mL (reference 2–5mcg/mL) and monoethylgly-
cinexylidide level was 1.3mcg/mL (reference 0.2–5.2mcg/mL);
these levels were obtained about 2 hours post ED arrival. She has
had no reported seizures or altered mentation since that time.
Discussion: This case represents a rarely encountered scenario of
systemic lidocaine toxicity secondary to tumescent lidocaine
administration. The commonly reported maximum tolerated dose
for lidocaine injections without epinephrine is between 4 and
5mg/kg whereas that of tumescent lidocaine is 35mg/kg; based

on history, the maximum dose this patient received was 17.8mg/
kg. However, the patient’s lidocaine and monoethylglycinexyli-
dide levels were detectable and given her history and workup,
systemic lidocaine toxicity remains the most likely cause of her
symptoms. Possible reasons for her presentation include a higher
than intended concentration of lidocaine in tumescent lidocaine
solution as it was compounded in the office as well as inadvert-
ent installation into a blood vessel during administration. She
was hemodynamically stable and did not require fat emulsion
therapy and responded well to supportive measures.
Conclusions: Though the maximum tolerated mg/kg dose of
lidocaine is relatively high with tumescent lidocaine, systemic
toxicity can still occur. Providers should maximize supportive
measures while pursuing other causes for symptoms to optimize
patient outcomes.
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40. Management of neuroleptic
malignant syndrome due to a long-
acting injectable antipsychotic

Charles McElyea, Jonathan Ford and Daniel Colby
UC Davis Medical Center

Background: Neuroleptic Malignant Syndrome (NMS) is a rare,
life-threatening syndrome associated with anti-dopaminergic medi-
cations such as antipsychotics. The mainstay of treatment of NMS
is to remove the offending agent in addition to supportive care;
however, long-acting injectable antipsychotics pose a unique chal-
lenge should a patient develop NMS as the offending agent may
persist for many weeks. Treatment strategies are poorly described
in such cases. We present a case of NMS due to paliperidone
palmitate, an injectable antipsychotic, that was treated successfully
with a course of bromocriptine, a dopamine receptor agonist.
Case report: A 41-year-old male with a history of schizoaffective
disorder presented to the ED from his behavioral health rehabili-
tation facility with nausea, vomiting, and abdominal distension.
He was found to have a small bowel obstruction and was admit-
ted for medical management. He was treated with IV chlorpro-
mazine and IM olanzapine for agitation after admission. He
subsequently developed a sudden onset of altered mental status,
tachycardia to 130 bpm, and hyperthermia to 38.1 �C within
12hours of receiving the antipsychotics. Repeat CT demonstrated
numerous pill-shaped radio-opaque objects in the colon. Review
of home medications revealed chlorpromazine, lithium, and long-
acting paliperidone in addition to clonazepam. His last injection
of paliperidone was 1 week prior to admission. Over the next
24hours, he began to develop rigidity of his extremities with labs
no for a Creatine Kinase (CK) level of > 5000U/L, consistent with
rhabdomyolysis due to Neuroleptic Malignant Syndrome (NMS).
The patient was treated with benzodiazepines, intravenous hydra-
tion, and external cooling measures with gradual improvement in
his symptoms overnight. The patient’s symptoms returned over
the next 48hours despite cessation of antipsychotics, initiation of
a regular benzodiazepine regimen, and an enema to remove the
suspected chlorpromazine retained in his colon. Due to concern
for recrudescence of NMS in the setting of a long-acting inject-
able antipsychotic, the patient was started on a bromocriptine
regimen with marked improvement in his symptoms.
Discussion: Paliperidone palmitate is a long-acting injectable
atypical antipsychotic with a mean time-to-peak of 13 days and
a mean half-life of 25–49 days. This extended duration of action
makes management of acute toxicity challenging. Previous case
reports of other injectable medications suggest that surgical exci-
sion or other means of extraction have little to no benefit. In this
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case of NMS due to prolonged dopamine receptor antagonism,
dopamine receptor stimulation via bromocriptine was very effect-
ive in mitigating the symptoms of NMS. The treatment dose was
titrated to effect, and the treatment duration was based on pali-
peridone’s estimated duration of action as well as the patient’s
clinical status; down-titration of the drug was trialed when the
patient began to exhibit psychotic symptoms suggestive of
dopaminergic excess.
Conclusions: Bromocriptine, titrated to effect and tapered off
according to the anticipated duration of action, was an effective
means of treating NMS due to a long-acting injectable antipsychotic.

KEYWORDS Neuroleptic malignant syndrome; NMS; long-acting injectable
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41. How long should we watch?
Recurrent antimuscarinic delirium
from scopolamine patch placed for
post-operative nausea and vomiting,
reversed (twice) with physostigmine

Bradley Carlson, Rebecca Meiners, Carrie Oakland,
Samantha Lee, Travis Olives and Jon Cole
Minnesota Poison Control System

Background: Scopolamine is an antimuscarinic medication often
utilized for post-operative nausea and vomiting (PONV); it is com-
monly administered via a long-acting topical patch. Patches are
placed behind the ear for antiemetic effect, and replaced every 3
days. Scopolamine blocks the action of acetylcholine at parasym-
pathetic sites in smooth muscle, secretory glands and the CNS,
however side effects consistent with the antimuscarinic toxi-
drome may occur, including delirium. Reversal of such delirium
with physostigmine is rarely reported; furthermore, the required
monitoring period post-reversal is not well-described. Here we
present a case where the patient had recurrent delirium necessi-
tating a second dose of physostigmine.
Case report: A 63-year-old man had a scopolamine patch placed
to control PONV following knee arthroplasty. Hours after patch
application, the patient developed confusion and difficulty swal-
lowing. There was concern at first for stroke, however symptoms
were believed to be more likely related to antimuscarinic excess
following patch placement. The patch was removed, and the
patient was given 1mg of intravenous physostigmine; subse-
quently all symptoms resolved. His physician contacted the
Poison Center (PC) to inquire about an appropriate post-physo-
stigmine observation period, and the likelihood the patient
would need subsequent physostigmine doses. The PC, per its
physostigmine guideline, recommended observation �4 hours
following physostigmine administration. Four hours after the ini-
tial physostigmine dose, the patient became aphasic and con-
fused. Another 1mg IV physostigmine resolved his symptoms. He
was admitted to the hospital observation unit for continued
monitoring. Approximately 5.5 hours later, the patient remained
markedly improved and required no further physostigmine doses.
He was subsequently discharged.
Discussion: Scopolamine is commonly well-tolerated and effect-
ive when used for PONV, however on occasion antimuscarinic
delirium may occur which can be reversed with physostigmine.
Age, current medications, and past medical history may contribute
to individual sensitivity. Once toxicity from a patch occurs, it
should be removed, however due to drug deposition in the skin,
predicting the duration of toxicity may be difficult. If delirium is
reversed with physostigmine, monitoring should continue based
on the expected duration of effectiveness of physostigmine, rather

than a guess on the duration of symptoms based on the kinetics
of scopolamine. Previous data suggest most cases of recurrent
antimuscarinic delirium occur within four hours of physostigmine
reversal. Given the possibility for deport formation from a scopol-
amine patch, a minimum of four hours of observation seems pru-
dent in these patients. The US is currently experiencing a
prolonged physostigmine shortage making this clinical question
less timely to American clinicians, however some facilities may
have remaining stockpiles of physostigmine. Furthermore, drug
shortages frequently resolve with little warning.
Conclusions: Antimuscarinic delirium may occur from topical
scopolamine patches placed for PONV and may result in pro-
longed toxicity requiring multiple doses of physostigmine. In
this case, delirium recurred four hours after physostigmine
reversal, suggesting the patient experienced recurrent tox-
icity from a depot of scopolamine remaining within the der-
mis after patch removal. Observation of at least 4 hours after
physostigmine reversal for recurrent delirium is recom-
mended in cases of antimuscarinic delirium from scopolam-
ine patches.
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42. Use of rivastigmine for reversal of
antimuscarinic agitation and
encephalopathy in pediatric patients

William Trautmana, Matthew Scanlona,
Elizabeth Fergusonb and Anthony Pizona
aUniversity of Pittsburgh School of Medicine; bUniversity of
Pittsburgh School of Pharmacy

Background: The treatment of antimuscarinic encephalopathy
and agitation can involve centrally acting acetylcholinesterase
inhibitors. Physostigmine shortages have led to the increased
utilization of rivastigmine however no cases describe use in
the pediatric population. We reviewed 8 cases of pediatric
drug overdose causing antimuscarinic toxicity treated with
rivastigmine.
Case series: This is a retrospective review of a series of patients
who presented to an academic children’s adult hospital and
were admitted to the medical toxicology service. Rivastigmine for
the treatment of agitation and encephalopathy associated with
antimuscarinic toxicity for use under the restriction of the med-
ical toxicology service was approved by the institution’s phar-
macy and therapeutics committee. Charts were reviewed and
information collected on patient’s presenting characteristics,
adverse outcomes, total benzodiazepine requirement, urine liquid
chromatography/mass spectroscopy (LC/MS) drug testing, and
hospital day of clearance. Patient 1 suffered aspiration pneumo-
nia and urinary tract infection and Patient 7 suffered bradycardia
as low as 38 beats per minute but was asymptomatic and
returned to a normal heart rate after removal of the rivastigmine
patch. No patients experienced diarrhea or vomiting and no
other adverse events were noted. Patient 1 experienced recru-
descence of encephalopathy after the rivastigmine patch was
removed necessitating replacement of the patch after which
encephalopathy again remitted.
Discussion: In this retrospective case series, we explored the pre-
viously undescribed use of rivastigmine in the pediatric popula-
tion for the treatment encephalopathy and agitation from
antimuscarinic toxicity. In general, patients tolerated rivastigmine
well, and adverse events were limited to asymptomatic bradycar-
dia that improved after removal of the rivastigmine patch.
Conclusions: This case series demonstrates the feasibility and
safety of utilization of rivastigmine in the pediatric population for
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the treatment of encephalopathy and agitation from antimuscar-
inic toxicity with appropriate patient selection and monitoring.
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43. Treatment of an antimuscarinic
toxidrome with rivastigmine

William Meggsa, Jennifer Parker-Cotea, Jason Hacka

and Robert Hoffmanb
aEast Carolina University; bNew York University

Background: Ingestions such as atropine or diphenhydramine can
cause a severe central antimuscarinic toxidrome with hallucinations
and delusions. Antidotal therapy with intravenous physostigmine,
the standard of care, is no longer available in the United States.
Sedation with benzodiazepines is an alternative therapeutic path-
way, but is not always effective and does not decrease the dur-
ation of delirium and the need for ancillary testing. Carbamates
like rivastigmine are available to treat Alzheimer’s dementia and
can be considered to treat antimuscarinic toxidromes.
Case report: This is a single patient chart review. A 16-year-old
girl with a prior psychiatric admission for suicidal depression and a
recent visit for alcohol intoxication was brought to an emergency
department by her mother who had concerns that her daughter
was “acting psychotic” and hallucinating. The patient was confused,
anxious, jittery, and reporting seeing hamsters and bugs that were
not there. Vital signs on arrival were: pulse, 138/minute; tempera-
ture, 36.8�Celsius; and blood pressure, 121/92mm Hg. Pupils were
7mm and reactive. Mucus membranes were dry. She reported tak-
ing twenty-four 50mg diphenhydramine ts because her sister told
her that she would get high. The exact time of ingestion was
unknown. Laboratory profile was unremarkable except for a urine
drug screen that was positive for THC. ECG showed sinus tachycar-
dia with narrow QRS and normal intervals. No GI decontamination
was given. She received 1mg lorazepam 3hours after arrival fol-
lowed by worsening of agitation. Rivastigmine 1.5mg by mouth
was given about 4hours after arrival with minimal improvement. A
second 1.5mg dose of rivastigmine was given one hour later with
prompt and sustained resolution of hallucinations and delusions.
Conclusions: Oral rivastigmine was associated with prompt reso-
lution of the severe central antimuscarinic toxidrome in this patient
and may be an effective antidote when physostigmine is unavailable.
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44. Anticholinergic delirium in a
pediatric patient reversed with
transdermal rivastigmine: a case
report

Natalie E. Ebeling-Koninga, Sarah Randb,
Laura Koonsb, John D. Lindmarka, Anthony F. Pizonc

and Kenneth D. Katza
aLehigh Valley Health Network/USF Morsani College of Medicine;
bLehigh Valley Health Network; cUniversity of Pittsburgh School of
Medicine

Background: Antidotal treatment of anticholinergic delirium
(ACD) standardly involves administration of the parenteral acetyl-
cholinesterase inhibitor, physostigmine. However, due to cessation
of physostigmine production, administration of oral or transdermal

rivastigmine may serve as a sui alternative. Although approved for
treatment of Alzheimer’s or Parkinson’s disease-related dementia,
the drug may be a safe and effective treatment for both adult
and pediatric ACD. A case of a pediatric patient with diphenhydra-
mine induced ACD who was successfully treated with transdermal
rivastigmine is presented.
Case report: A 15-year-old, 47 kg, female patient without medical
history presented to the emergency department after intentionally
ingesting 2.5 grams of diphenhydramine the evening prior. The
patient was delirious and quickly transferred to a tertiary care cen-
ter pediatric intensive care unit (PICU). On PICU admission, the
patient was exhibiting florid and typical ACD. An electrocardiogram
demonstrated sinus tachycardia, QRS 78 msec and QTc 476 msec.
Serum acetaminophen, salicylate, ethanol and routine chemistries
were unremarkable. In the first 5hours after PICU admission on hos-
pital day (HD) 1, she received a total of 10mg IV lorazepam for agi-
tation. Transdermal rivastigmine 0.2mg/kg/24hours was
administered 3hours after arrival in the nearest available patch
dose, 9.5mg/24hours. Two hours after patch application, the
patient required no further lorazepam for the remainder of her hos-
pitalization. Six hours after rivastigmine initiation, she was fully ori-
ented with resolution of her ACD. She did develop urinary
retention on HD 2 requiring intermittent bladder catheterization,
which subsequently fully resolved. The rivastigmine patch was
removed after 24hours on HD 2 without delirium recrudescence.
No additional rivastigmine was administered. The patient did not
experience any adverse effects from the rivastigmine patch. She
was transferred in normal condition on HD 4 for psychiatric hospi-
talization. Serum diphenhydramine concentration drawn on HD 1
measured 1196ng/ml. Comprehensive urine drug testing (LC/MS)
detected only caffeine, lorazepam and diphenhydramine.
Discussion: This is a unique case because while there is published
literature investigating safety and efficacy of rivastigmine for use in
pediatric patients with Down syndrome, no reports exist regarding
safety and efficacy of rivastigmine for treatment of pediatric ACD.
Due to the potentially prolonged duration of ACD, the slower
onset and longer duration of action of transdermal rivastigmine
compared to physostigmine may provide smoother recovery.
Although both oral and transdermal formulations of rivastigmine
are available, oral administration may be precluded in severe ACD.
Conclusions: In this single pediatric patient, transdermal rivastig-
mine 0.2mg/kg/24hours was a safe, effective, long-acting treat-
ment for ACD without significant side effects. Further study is
required, especially dosing in children and the role of combined
oral and transdermal formulations.
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45. Rivastigmine to treat
anticholinergic toxicity following drug
overdose

Joseph Lambson, Paul Hinckley and Michael Moss
Utah Poison Control Center

Background: Anticholinergic toxicity commonly causes signifi-
cant delirium and agitation requiring either sedation with benzo-
diazepines or antidotal therapy with physostigmine. Due to
physostigmine unavailability, rivastigmine has been proposed as
an alternative therapy. Rivastigmine is another acetylcholinester-
ase inhibitor and is available in oral and transdermal patch for-
mulations. We aim to assess basic safety and potential efficacy of
rivastigmine for anticholinergic toxicity.
Methods: Retrospective review of one regional poison center’s
records of patients who received rivastigmine to treat anticholin-
ergic toxicity between 1 January 2021, and 31 March 2023. No
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exclusion criteria were applied. Data collected included age, gen-
der, reason for exposure, medical outcome, level of care pro-
vided, drug ingested, rivastigmine dosing, rivastigmine benefit
and adverse effects, and sedation provided before and after riva-
stigmine. Data was collected by two reviewers and conflicts were
resolved by a third independent reviewer.
Results: Thirty cases received rivastigmine for anticholinergic tox-
icity. Most exposures occurred in females (19, 63.3%) and the
median age was 17.5 years old (range: 13-67 years). The most com-
mon exposure was diphenhydramine (28, 93.3%) of which 23 were
single substance. The majority of exposures occurred following sus-
pected suicide (25, 83.3%). Moderate and major outcomes
occurred in 93.3% (n ¼ 28) and 6.7% (n ¼ 2) of cases respectively.
17 cases (56.7%) were admitted to non-critical care and 10 cases
(33.3%) were admitted to critical care. Every patient received oral
rivastigmine, 2 patients (6.7%) received transdermal rivastigmine in
combination with oral rivastigmine, and 2 patients (6.7%) received
intravenous physostigmine followed by oral rivastigmine. Patients
received rivastigmine on average 12.3hours (range: 1–84hours)
after ingestion or hospital presentation. The most common initial
oral rivastigmine dose provided was 3mg (range: 1.5–4.5mg). 13
patients (43.3%) received additional rivastigmine doses. Following
rivastigmine administration, 20 patients (66.7%) demonstrated
symptom improvement, 8 patients (26.7%) had unclear benefit,
and 2 patients (6.7%) showed no benefit. Symptom improvement
occurred within 1hour for 5 patients (16.7%), between 1–4hours
for 10 patients (33.3%), after 4 hours for 3 patients (10%), and tim-
ing was unclear for 10 patients (33.3%). 24 patients (80%) received
sedation prior to rivastigmine. 18 patients (60%) received sedation
after a dose of rivastigmine. One patient experienced bradycardia
though this was prior to rivastigmine administration. No other cho-
linergic adverse effects were reported.
Conclusions: Rivastigmine, whether oral or transdermal, appears
to be potentially beneficial and safe when treating anticholinergic
toxicity. Many patients were too delirious to take rivastigmine by
mouth and did not receive a dose until toxicity was improving.
However, increased use of the rivastigmine transdermal patch may
be useful in these patients, provided the diagnosis is not in ques-
tion. The ideal dose of rivastigmine in anticholinergic toxicity is
unknown. However, no cholinergic adverse effects occurred at the
relatively low doses administered here and a higher dose may be
more effective. The delayed onset of rivastigmine along with con-
comitant parenteral benzodiazepine use in many patients made
efficacy difficult to assess. More research is warranted to determine
appropriate starting doses, frequency of administration, and
adverse effects of rivastigmine in treating anticholinergic toxicity.
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46. Abnormally high methemoglobin
percentage requiring a second dose
of methylene blue due to benzocaine
administration for feeding tube
placement

Noah Berland, Diane Calello, Howard Greller and
Lewis Nelson
Rutgers NJMS

Background: Methemoglobinemia due to the administration of
oxidizing agents is not uncommon, with benzocaine spray (hurri-
cane spray) for topical analgesia for procedures being one of the
most classic causes. Based on one case series of 19 patients that
developed methemoglobinemia due to benzocaine out of 28,478
patients, the average methemoglobin percentage was 32% with

a standard deviation of 15%, ranging from 15 to 60%. Further
based on the same case series one dose of methylene blue was
successful in all but two patients, who only received 50mg of
methylene blue. We present a patient with a higher-than-
expected methemoglobin percentage than expected and requir-
ing a second dose of methylene blue.
Case report: A 68-year-old female with a history of prior lumbar
laminectomy, spinal instability, and traumatic L4 fracture, was
admitted to the hospital for a staged operation. After her first oper-
ation she was admitted to the ICU after L2–S1 posterior fusion
with spinal decompression was complicated by encephalopathy,
so a feeding tube was required. Topical benzocaine spray was
used for the procedure. Shortly after placement the patient’s oxy-
gen saturation by pulse oximetry was noted to be 80%. An arterial
blood gas was sent, which showed a methemoglobin percentage
of 60.0% and the patient was given 100mg (1.5mg/kg) of methy-
lene blue. Thirty minutes later a repeat arterial blood gas was sent
showing a methemoglobin percentage of 30%, and the patient
was administered 62mg (0.9mg/kg) of methylene was adminis-
tered. A repeat arterial blood gas was sent 2 hours later showing a
methemoglobin percentage of 20.3% and a hemoglobin of 9.4 g/
dL, which is when poison control was contacted asking for infor-
mation regarding a methylene blue infusion. On consultation the
patient was showing no further evidence of symptomatic toxicity,
so it was recommended to discontinue administration of methy-
lene blue, keep the patient on oxygen supplementation, and to
repeat an arterial blood gas. Repeat arterial blood gas 3.5 hours
later showed a methemoglobin percentage of 1.3%.
Discussion: Topical benzocaine spray for local analgesia is com-
monly applied for many medical procedures. Due to the method
of dosing, there is no way to accurately measure doses, making
it easy to unintentionally administer high doses. Common teach-
ing is that benzocaine induced methemoglobinemia rarely is
severe and rarely require re-administration of methylene blue
when adequately dosed. Our patient who was critically ill likely
received an unintentionally high dose of benzocaine require
repeat dosing of methylene blue.
Conclusions: “Dosis sola facit venenum” (only the dose makes
the poison), is the most basic principle of medical toxicology.
There is increasing awareness of the risk of developing meth-
emoglobinemia due to the administration of benzocaine, and the
timely administration of methylene blue. However, due to the
means of administration, there needs to be improved education
on limiting the dose applied when administering topical benzo-
caine spray, to prevent the development of severe methemoglo-
binemia requiring repeat administration of methylene blue
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47. Presumed thiocyanate toxicity
secondary to prolonged nitroprusside
infusion managed with extracorporeal
treatment: a case report

Christina Hasha, Nicole McElroya, Stephanie Hona

and Joseph Carpenterb
aGeorgia Poison Center/Grady Health System; bDepartment of
Emergency Medicine, Emory University School of Medicine

Background: Sodium nitroprusside releases nitric oxide, causing
vasodilation and decreased afterload. Prolonged nitroprusside
infusion can lead to accumulation of toxic metabolites: cyanide
and thiocyanate. Hallmark findings of cyanide toxicity include
metabolic acidosis and hemodynamic instability. This contrasts
with thiocyanate toxicity, which presents with nonspecific
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symptoms, such as confusion and delirium, typically at thiocyan-
ate concentrations > 60mcg/mL. Thiocyanate is renally elimi-
nated; in patients with chronic kidney disease, prolonged
nitroprusside infusion can produce thiocyanate toxicity within
3–6 days. We present a case of prolonged nitroprusside use with
elevated thiocyanate levels, worsening renal function, and altered
mental status (AMS).
Case report: A 71-year-old female with end stage heart failure
received an eight-day nitroprusside infusion (range: 0.25–3mcg/
kg/min) for afterload reduction in the setting of cardiogenic
shock. A serum thiocyanate level was collected on day 5 as a
safety check. The patient was asymptomatic but had an elevated
serum creatinine (SCr) of 1.5mg/dL. On day 8, the level returned
elevated: 36.4mcg/mL (reference range: 3–15mcg/mL). A repeat
level was collected, the infusion was discontinued, and she was
maintained on milrinone. Later on day 8, she developed progres-
sive confusion and lethargy prompting stroke workup. Her SCr
was 2.37mg/dL. She was tolerating oral intake without nausea or
vomiting. Head computed tomography was normal and no lab
work or infectious markers indicated other causes, yet she contin-
ued with fluctuating mental status. Thiocyanate toxicity was con-
sidered, and the poison center was consulted on day 10
regarding use of extracorporeal treatment. Her SCr remained ele-
vated (2mg/dL). An additional thiocyanate level was collected by
the time of consult; however, repeat levels had not resulted.
Dialysis was recommended to enhance elimination of thiocyanate
for presumed toxicity with renal insufficiency. The patient
received continuous renal replacement therapy (CRRT) from days
11 to 13 when she received a session of hemodialysis (HD) due
to persistent AMS. Her SCr returned to baseline (1.11mg/dL) on
day 14. On the evening of day 14, she was awake, alert, and ori-
ented. The thiocyanate level from day 8 resulted on day 14 as
13.9mcg/mL. The day 10 level (pre-CRRT) was 17.6mcg/mL, the
day 12 level (CRRT day 2) was 13.6mcg/mL, and the day 16 level
(3 days post-dialysis) was 13.7mcg/mL. Cyanide levels drawn on
days 10 and 16 were < 0.1mg/L. The patient remained admitted
for medical management unrelated to thiocyanate toxicity.
Discussion: Thiocyanate toxicity should be considered in patients
on prolonged nitroprusside infusions with acute mental status
changes, especially in the setting of renal dysfunction which
increases thiocyanate’s half-life. Our patient’s levels did not cor-
relate with those expected in thiocyanate toxicity; however,
results were not readily available. She improved following nitro-
prusside discontinuation and CRRT/HD, but this may have been
confounded by other variables.
Conclusions: Thiocyanate levels should be monitored early and
more frequently in patients with renal dysfunction receiving pro-
longed nitroprusside infusions. Extracorporeal treatment can be
employed in severe cases.

KEYWORDS Thiocyanate toxicity; prolonged nitroprusside infusion; renal
insufficiency

n-mcelroy@onu.edu

48. Unintentional overdose during at-
home ketamine therapy successfully
treated with supplemental oxygen
and atropine

Brett Johnson, Gayle Galletta, Eric Borges and
Jeffrey Lai
UMASS

Background: New research in the treatment of psychiatric disor-
ders has resulted in the increase in popularity of at-home

ketamine therapy. This has coincided with an expansion of tele-
medicine since the COVID-19 pandemic allowing for exceptions
to Schedule III prescribing practices.
Case report: This report describes a 35-year-old female who was
instructed to swallow 1200mg of oral ketamine during an at-
home telehealth ketamine therapy session. She was brought by
emergency medical services (EMS) to a community emergency
department (ED) with altered mental status, hypoxia, and bron-
chorrhea. The medical toxicology service was consulted on her
management. Her symptoms were successfully managed with
supplemental oxygen and atropine.
Discussion: Our case highlights the management of adverse
effects of ketamine in addition to overdose treatment. Here,
refractory bronchorrhea and hypoxia were successfully managed
with atropine resulting in clinical improvement and avoidance of
intubation. Currently, there is little to no regulation of at-home
ketamine therapy. This case report emphasizes the public health
concerns posed by the proliferation of at-home ketamine pre-
scribing practices.
Conclusions: With increasing utilization of off-label at-home
ketamine-assisted therapy, poison control specialists and emer-
gency medicine clinicians must be aware of this practice and
know how to treat its complications.
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49. Enzalutamide and elevated
digoxin concentrations: drug-drug
interactions & lab interference in
prostate cancer patients

Rachel Brandt, Carrie Oakland, Samantha Lee,
Travis Olives and Jon Cole
Minnesota Poison Control System

Background: Enzalutamide (Xtandi V
R

) is an antiandrogen anti-
neoplastic agent that was FDA-approved in 2012 to treat pros-
tate cancer. Enzalutamide has multiple drug-drug interactions
which may result in increased digoxin concentrations; however, it
also interferes with multiple digoxin assays, causing falsely ele-
vated serum digoxin concentrations [digoxin]. We present a case
demonstrating the clinical challenges of these drug-drug and
drug-lab interactions.
Case report: An 83 year-old man was started on digoxin, 250
micrograms daily, for atrial fibrillation after a recent hospitaliza-
tion; his other home medications purportedly only included
warfarin and insulin. One week follow-up routine [digoxin]
returned elevated at 8.2 ng/mL and he was referred to the ED
despite being asymptomatic. On ED arrival he had atrial fibrilla-
tion (a-fib) with occasional premature ventricular contractions
and felt at his new baseline. The ED reported “his only com-
plaint is he does not want to be here.” Serum potassium was
3.5 mEq/L; serum creatinine was at his baseline of 1.45mg/dL.
A repeat [digoxin] required dilution prior to returning at
6.8 ng/mL. His digoxin was held, and he was admitted for
observation. Repeat [digoxin] that day (hospital day [HD] #1)
with the patient remaining in a-fib (rate of 80 beats/min, blood
pressure 122/97mmHg) was 6.6 ng/mL; serum potassium was
3.5 mEq/L. Twenty-four hours after admission he developed a-
fib with rapid ventricular response (110–130 beats/min) that
spontaneously resolved. On HD#2 [digoxin] was 7.0 ng/mL
(potassium 4.0mEq/L, creatinine 1.14mg/dL), and on HD#3
[digoxin] was 7.2 ng/mL. On HD#4 it was discovered that the
patient had recently been treated with enzalutamide. His
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medications were adjusted, and he was discharged without
ever receiving digoxin immune fab.
Discussion: Enzalutamide is a mild P-glycoprotein/ABCB1 inhibi-
tor and may increase the serum digoxin concentration 1.25–2
fold when used concurrently. The enzalutamide package insert
reports an increase in digoxin AUC of 33% and C max of 17%;
thus, therapy modifications (e.g., 15–30% digoxin dose reduction
common) may be needed. Case reports also describe falsely ele-
vated [digoxin] in patients co-prescribed enzalutamide and
digoxin, as well as therapeutic digoxin concentrations in patients
not prescribed digoxin at all. Though enzalutamide is dosed
daily, its half-life is 5.8 days (range: 2.8–10.2) making drug-drug
or drug-lab interactions possible even if enzalutamide is held on
hospital admission. Our patient was observed for four days and
remained asymptomatic despite his elevated [digoxin]; indeed,
the development of a transient tachydysrhythmia suggests he
may have actually been subtherapeutic as his hospitalization pro-
gressed. As such, we suspect this case was predominantly of lab
interference.
Conclusions: Toxicologists and emergency clinicians should be
aware of both drug-drug and drug-lab interactions between
digoxin and enzalutamide that result in elevated digoxin concen-
trations. In patients with a history of prostate cancer presenting
with supratherapeutic digoxin concentrations, providers should
inquire about enzalutamide use and use clinical signs and symp-
toms of digoxin toxicity rather than serum digoxin concentra-
tions to guide digoxin immune fab therapy in patients taking
enzalutamide.
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50. A case of sodium oxybate
withdrawal

Christopher P. Mitchell, Elizabeth G. Shanahan,
Serge E. Simpson and Steven J. Walsh
Einstein HealthCare Network

Background: Sodium oxybate is a gamma-hydroxybutyrate
(GHB) analog used for the treatment of narcolepsy. GHB is both
a metabolite and precursor to gamma-aminobutyric acid (GABA)
and glutamate, but primarily increases GABA receptor activity,
resulting in CNS depression. While GHB dependence and with-
drawal are well established, sodium oxybate withdrawal has
been controversial. A manufacturer-sponsored study has claimed
that withdrawal is not possible with chronic therapeutic dosing.
This has been disputed in a commentary reviewing the manufac-
turer’s original data. We have been unable to find any case
reports describing sodium oxybate withdrawal. We present a
case report of suspected sodium oxybate withdrawal.
Case report: A 36 year-old female with a past medical history of
anxiety and narcolepsy presented to the emergency department
(ED) with 5 days of progressive jerking movements and worsen-
ing anxiety. The patient had been initiated on sodium oxybate
4.25 grams orally twice daily approximately 4 weeks prior. She
began to experience gastrointestinal upset, which her prescribing
physician attributed to the sodium oxybate, and reduced her
dose to 3.25 grams twice daily approximately 24 hours prior to
onset of presenting symptoms. The patient discontinued the
medication entirely 3 days later, and her symptoms progressively
worsened over the ensuing 48hours. Her other home medica-
tions, which had not been adjusted, included bupropion XL 300
milligrams, buspirone 10 milligrams, escitalopram 20 milligrams,
montelukast 10 milligrams, ondansetron 4 milligrams, cetirizine
10 milligrams, norgestimate and ethinyl estradiol 25 milligrams.
On arrival in the ED, she was tachycardic and tremulous with
myoclonic jerking, agitation and anxiety, without rigidity,

hyperthermia, clonus or hyperreflexia. Her mental status was
otherwise normal. Basic metabolic panel, liver function testing,
complete blood count, urine pregnancy, urinalysis and urine
drug screen were within normal laboratory parameters.
Electrocardiogram revealed sinus rhythm with normal QRS and
QTc intervals and morphology. Concern for tardive dyskinesia
was expressed by the primary team. The patient was provided
diphenhydramine 25mg orally, and neurology and toxicology
was subsequently consulted. Neurology expressed concern for
serotonin toxicity. The patient had no history of antipsychotic
use and adamantly denied medication overdose or any non-pre-
scribed xenobiotic use. The patient was provided 1mg intraven-
ous lorazepam for 2 doses with rapid resolution of symptoms.
She was discharged without recurrence of symptoms after brief
observation in the ED.
Discussion: Xenobiotics such as ethanol, benzodiazepines, and
barbiturates all produce withdrawal syndromes at least in part
through decreased neurotransmission at GABA-A receptors, lead-
ing to decreased CNS inhibition. GABAergic withdrawal syn-
dromes typically manifest as tremors, myoclonic jerkings,
seizures, anxiety, agitation, diaphoresis and hyperadrenergic vital
signs. Sodium oxybate, which is converted to GHB in vivo, would
be expected to cause a similar syndrome and is consistent with
this patient’s clinical presentation. Serotonin toxicity is less likely
given lack of hyperthermia or clonus. Limitations include the
descriptive nature of this case report and lack of accepted diag-
nostic criteria.
Conclusions: Chronic use of sodium oxybate can lead to physio-
logic dependence, and rapid discontinuation of sodium oxybate
can precipitate a withdrawal syndrome.
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51. An in vitro study of the effect of
intravenous lipid emulsion
(Intralipid

VR
) on routine laboratory

coagulation assays

Klara De Baerdemaekera, Eleanor Foxtonb,
Kerry Lanec, Caitlin Wolfed, John R. H. Archere,
David M. Woode and Paul I. Dargane
aClinical Toxicology and Emergency Medicine, Guy's and St
Thomas' NHS Foundation Trust; bSynnovis, Guy's and St Thomas'
NHS Foundation Trust, London, UK; cAcute and General Medicine,
Guy's and St Thomas' NHS Foundation Trust, London, UK;
dDepartment of Emergency Medicine, Dalhousie University, Queen
Elizabeth II Health Sciences Centre; eClinical Toxicology Guy's and
St Thomas' NHS Foundation Trust, King’s College London,
London, UK

Background: Intravenous lipid emulsion (IntralipidV
R

) is used in
the treatment of poisonings, most notably local anaesthetics.
Lipaemia following its administration may affect laboratory analy-
ses. The aim of this study was to use an in vitro model to deter-
mine the impact of Intralipid on routine laboratory analysis of
coagulation parameters to determine if the analytical techniques
remain reliable following its administration.
Methods: Samples were obtained from 19 healthy volunteers
who were screened to exclude pre-existing coagulation disorders.
Whole-blood samples of 10.5mL were taken from each volunteer
and divided in triplicate. One sample served as a control and the
other two were diluted with the in vitro equivalent concentration
to simulate treatment of an average adult with 100ml of
Intralipid 20% (Fresenius Kabi; dilution-1) or 500ml of Intralipid
(dilution-2). Samples were centrifuged at 6000g for 3minutes at
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ambient temperature to produce platelet poor plasma.
Coagulation tests performed were Prothrombin time (PT in sec-
onds and International Normalised Ratio (INR)), Activated
Prothrombin time (APPT in seconds and ratio), D-dimer (g/L) and
Fibrinogen (mg/L). Coagulation testing was performed by three
techniques, using routine validated and quality-controlled proto-
cols. Test-1 was performed on a CN6500 analyser (Sysmex,
Japan) which is the routine automated assay in this institution.
Test-2 was performed with a manual mechanical endpoint
method using the Semi-automated KC4 Delta (Stago), a test used
in laboratories if there are problems with the automated assay.
After analysis of the samples from the first participant, Test-3 was
added: this involved high speed centrifugation (10,000g for
10minutes) before repeat testing on the CN6500 automated ana-
lyser. Results were collected in Excel and analysed using IBM
SPSS statistics (version-28), a paired t-test was done to compare
the control sample and the Intralipid samples for each individual
coagulation essay.
Results: For Test-1, only 47% (9) samples in dilution-1 could be
analysed for coagulation tests, and no coagulation tests could be
analysed for dilution-2 because of lipaemia. For Test-2 and Test-3
all samples could be analysed. Individual paired t-testing against
the control sample showed a statistically significant difference in
measurements (P < 0.05) for dilution-1 for APTTr using both
Test-1 and Test-3; and for Fibrinogen using Test-1. For dilution-2,
there was statistical significance for PT INR, APTTr and Fibrinogen
using test-2 and for APTTr in test-3.
Conclusions: This in vitro model confirms that Intralipid inter-
feres with routine coagulation studies. The most important effect
was the inability to measure coagulation tests using the auto-
mated analysis for all samples spiked with intralipid consistent
with high-dose clinical administration, and almost half of the
samples simulating low-dose administration. These difficulties
were overcome by either a mechanical end point detection
method or by centrifuging samples prior to automated analysis.
It is important that clinicians are aware of the potential for intra-
lipid to interfere with routine coagulation assays, and to inform
their laboratories of the Intralipid administration if these analyses
are required.
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52. Is calcium the precipitate in your
calcium gluconate gel solution?

Madison Bomparda, Yimika Oyekanmia, Nicole
Camasurab, Mark Sweezyb, Matthew Griswoldc and
Dayne Laskeyb
aUniversity of Connecticut; bUniversity of St. Joseph; cHartford
Hospital

Background: Treatment of topical, low concentration hydro-
fluoric acid (HF) exposures is typically application of topical 2.5%
calcium gluconate gel to the affected area. Though a commercial
gel exists, it is common for practitioners to create calcium con-
taining solutions using either calcium gluconate solution or
crushed calcium carbonate ts in gels that are commonly available
in emergency departments. Previous experiences at our institu-
tion mixing calcium gluconate into various gels caused visual
precipitation of a white substance in the gel, leading to concern
for precipitation of calcium out of solution. As a result, we
embarked on a study to identify readily available gel solutions in
Emergency Departments that could be used to develop a homo-
genous topical calcium gel solution.
Methods: 15mL of sample gel was placed in individual test
tubes (2 oz amber PET liquid bottles). The four sample gels tested
were: glycerin, lubricating gel, sterile ultrasound gel, and URO-Jet

(Lidocaine HCI 2% (20mg/mL)). 5mL of Calcium Gluconate
(100mg/mL) was added to each sample. The tubes were subse-
quently capped and hand agitated. These individual containers
were labeled with the corresponding sample gel solution.
Observations were made prior to hand agitation, immediately
after agitation, and at 24hours. For quantification, 10mL of
100mg/mL Calcium gluconate solution was diluted into 30mL
each of deionized water, viscous lidocaine solution, lubricating
jelly, glycerin, and ultrasound gel. All samples were mixed via
vortex and let stand for 5minutes. These samples were then cen-
trifuged at 12,000RPM for 2minutes. Aliquots of the resultant
supernatants were diluted into deionized water to contain
0.3mg Ca2þ ion based on the initial concentration of calcium
gluconate. These samples were then prepared in triplicate for cal-
cium ion quantification by absorbance at 575nM via a
Colorimetric Calcium Assay (MAK022 Sigma Aldrich) according to
the manufacturer’s protocol. Calcium concentration from the
samples was determined by comparing A575 values to a stand-
ard curve created from the calcium ion standard supplied with
the kit.
Results: The lubricating jelly solution produced an opaque solu-
tion that transitioned into a sticky white precipitate that adhered
to the sides and bottom of the vial. The ultrasound jelly pro-
duced an opaque white agglomeration at the bottom of the vial.
The lidocaine and glycerin solutions remained clear. The assay
suggested that despite the differences in appearance there was
no significant difference in the concentration of calcium in gly-
cerin, lubricating jelly, or ultrasound gel. We suspected significant
calcium in lidocaine due to its appearance; however, the assay
showed the lowest concentration of calcium in the lidocaine
solution.
Conclusions: Our work shows that the use of calcium gluconate
added to either glycerin, lubricating jelly or ultrasound gel yields
similar concentrations of calcium ion to use as treatment for HF
exposure. Despite its homogenous appearance, lidocaine solution
yielded the least amount of calcium. Further investigation into
causes of varying calcium concentration as well as determination
of precipitant is necessary.
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53. Does mixing activated charcoal
with cola improve tolerability without
affecting pharmacokinetics? a
randomized controlled crossover trial

Michael Keenan, Susan Wojcik and Jeanna Marraffa
Department of Emergency Medicine, SUNY Upstate

Background: Activated charcoal is the most common form of
gastrointestinal decontamination used for the poisoned patient.
It possesses a large surface area, allowing for xenobiotic to
adsorb to the charcoal utilizing weak intermolecular forces.
Various studies in both healthy volunteers and poisoned patients
have shown the ability of activated charcoal to decrease absorp-
tion of ingested xenobiotics. However, one limitation to its use is
patient tolerability due to taste and appearance. Some recom-
mend mixing activated charcoal with something like cola to
improve palatability. An important question is whether mixing
activated charcoal with cola effects the ability of the activated
charcoal to adsorb xenobiotic.
Methods: This was a prospective randomized controlled cross-
over trial. Five healthy non-pregnant adults aged 18–40 were
recruited. Participants could not be on any daily medications,
they could not have any pre-existing hepatic or renal disease,
and they could not have a history of alcohol or substance use.
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On study days, participants presented after fasting starting at
0400 the day of the study. They received 45mg/kg acetamino-
phen in 325mg ts rounded down to the nearest whole t. One
hour later, they received 50g of an activated charcoal-water pre-
mixture. The participants were randomized to either receive the
activated charcoal-water premixture alone or mixed with 240mL
of cola. Acetaminophen levels were collected at 0, 15, 30, 45, 60,
75, 90, 120, 180, and 240minutes. Serum was collected and ana-
lyzed utilizing a Sekisui Diagnostics Acetaminophen L3K�O assay.
The area under the curve (AUC) of acetaminophen concentra-
tions over time was measured as a marker for degree of absorp-
tion. Participants also completed a questionnaire in which they
rated the activated charcoal preparation on appearance, smell,
flavor, texture, and overall appeal using a facial scale from 0 to
10, with 10 being the best. Participants would then return after
at least seven days to repeat the study with the other activated
charcoal preparation.
Results: Four male participants and one female participant were
recruited, ages ranging from 28 to 36. There was no statistical
difference in preference score for activated charcoal-water pre-
mixture alone versus when mixed with cola in appearance, smell,
flavor, texture, or overall appeal. There was no statistical differ-
ence in the AUC of acetaminophen concentrations over time
between activated charcoal-water premixture alone versus mixed
with cola.
Conclusions: In a small healthy volunteer study, there was no
difference in pharmacokinetics in decreased acetaminophen
gastrointestinal absorption when an activated charcoal-water pre-
mixture is mixed with cola. However, there was no statistical
preference for one charcoal mixture over the other. In summary,
if a patient would prefer to drink charcoal with cola, the results
of our small study suggest this would be reasonable.
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54. Retrospective review of large
bupropion ingestions reported to one
poison center 2013–2022

Michael Crawforda, Michael Beuhlera and
Noah Wonb
aNorth Carolina Poison Control; bUniversity of North Carolina –

Chapel Hill

Background: Bupropion is a commonly prescribed antidepres-
sant possessing unique pharmacologic properties. Unfortunately,
supratherapeutic bupropion ingestions are associated with sig-
nificant adverse effects including seizure, cardiac dysrhythmias,
and death. Treatment for these patients is limited; there is no
antidote, and traditional treatments such as sodium bicarbonate,
are not as effective as with toxicity from other antidepressants.
The goal of this study was to evaluate medical outcomes based
on the reported dose as well as the correlation of case outcomes
and seizures with the use of activated charcoal (AC).
Methods: Retrospective review of single substance human
bupropion exposure cases reported to one poison control center
between 1 January 2013, and 31 December 2022. Cases were
identified using bupropion product codes with free text notes
taking precedence over coded data fields. Cases were included if
the amount ingested was greater than 1500mg, age was older
than 12 years, and if they were followed for at least 18 hours.
Cases were excluded for non-ingestion route of exposure, the
outcome was unrelated to exposure, the ingestion was chronic
(> 8 hours), the case was managed in a different state, or bupro-
pion dose was unknown. Seizures were categorized as single or
multiple/status epilepticus. Case outcome was categorized as No

Effect, Mild, Moderate, Major or Death. Chronicity was acute or
acute on chronic. Time until first seizure and until administration
of first dose AC was abstracted. Ordinal logistic regression was
performed for calculation of odds ratios. Cox proportional hazard
model was used to calculate hazard ratios. Significance was
defined as P< 0.05.
Results: There were 243 included cases with females making up
the majority (63.8%). Median dose was 3150mg [IQR 2400 -
5250]. At least one dose of AC was administered in 88 (36.2%)
cases. Tachycardia was the most reported clinical effect in 188
(77.4%) cases. Seizure was reported in 92 (37.9%) cases; multiple
seizures or status were reported in 45 (18.5%) cases of which 12
(4.9%) received AC and 33 (13.6%) did not. Median time for
development of seizures was 5.3 hours [IQR 3.0 – 8.2]; the latest
occurred at 21hours. Most cases (51.0%) had Moderate outcomes
with 20.2% having Major outcomes; there were two Deaths
(0.8%). Bupropion dose was strongly associated with increased
risk of seizure (odds ratio 1.478 per 1000mg dose increase,
P< 0.0001). AC was associated with reduced risk of escalating
seizure severity (odds ratio 0.506, P ¼ 0.0279) as well as having
case outcomes of lesser severity (odds ratio 0.387, P ¼ 0.0006).
Additionally, patients who received AC prior to any seizure event
had a significant reduction in seizures (hazard ratio 0.441, P ¼

0.015). Chronicity was not associated with greater case outcome
or escalating seizure severity.
Conclusions: This is one of the largest case series of significant
(> 1500mg) bupropion ingestions that reports an association
between the use of AC and decreased odds of more severe case
outcomes and multiple seizures. Further research is warranted to
evaluate if there is a link between administration of AC and
improved outcomes in these patients.
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55. Trends in the in the intent and
drug classes used in opioid overdose
cases treated by medical toxicologists
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Medical Toxicology; dUniversity of Colorado School of Medicine

Background: The current epidemic of opioid-related deaths in
the United States is largely characterized by data from medical
examiners and coroners. Although some studies provide detailed
data on patients with non-fatal opioid toxicity, these lack
detailed patient-level data on why individual patients were opi-
oid-exposed. This study assessed the reasons for deliberate opi-
oid exposures resulting in serious toxicity from the Toxicology
Investigators Consortium (ToxIC) Core Registry.
Methods: The ToxIC Core Registry collects pre-specified data on
consecutive patients cared for by participating medical toxicolo-
gists. Cases due to intentional pharmaceutical or non-pharma-
ceutical opioid exposures in patients aged �11 between 2014
and 2021 were included. Pharmaceutical opioids were defined as
Food and Drug Administration-approved medications. All other
opioids were defined as non-pharmaceuticals. Sedative-hypnotics,
non-opioid analgesics, and antidepressants were used as compa-
rators. Because all cases in the Core Registry required medical
toxicology consultations, they were deemed to be serious.
Subjects were summarized by frequency count and percentages
for the categorical variables. Linear regression analyses were
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performed to evaluate the time trend in proportion of subjects
with opioid suicide attempts and misuse. The ToxIC Core Registry
was reviewed by a central Institutional Review Board (IRB) and
by the IRBs of participating institutions.
Results: Of 62,833 total ToxIC cases between 2014 and 2021,
8460 involved opioids, and 8011 (94.7%) of these met inclusion
criteria. 5450 (64.4%) had an intentional opioid exposure. Age,
race, and ethnicity did not correlate with the reasons for inten-
tional opioid exposures. There were significantly more females in
the self-harm group, but almost two-thirds of the opioid misuse
cases were males. (P< 0.0001). 1545 (28.3%) of intentional opioid
exposures were self-harm attempts, of which 1268 (82.1%)
expressed suicidal ideation. Opioid toxicity from misuse occurred
in 3083 (56.6%) of intentional exposures. The remaining 822
(15.1%) intentional exposure cases were either from therapeutic
use or indeterminant reasons. The proportion of total intentional
opioid cases decreased significantly from 2014–2021 (P ¼ 0.02).
Total opioid self-harm cases decreased during this period (P ¼

0.002), but the change in misuse cases was not significant.
Pharmaceutical opioid suicide attempts and misuse cases peaked
between 2015 and 2017 and fell dramatically thereafter (P ¼

0.009). In contrast, an increase was observed for non-pharma-
ceutical opioid suicide attempts or misuse (P ¼ 0.02). Exposures
to sedatives showed a gradual downward trend after 2016 that
was driven by a decrease in benzodiazepine cases for both self-
harm and misuse. There was no corresponding decrease in the
percent of cases involving non-opioid analgesics, non-benzodi-
azepine sedative-hypnotics, or antidepressants.
Conclusions: Over a quarter of intentional opioid overdoses in
the ToxIC Core Registry were due to self-harm attempts, suggest-
ing that intentional overdose should be considered in the inter-
pretation of opioid overdose statistics. Cases of pharmaceutical
opioid exposures for misuse and self-harm fell precipitously fol-
lowing the 2016 release of guidelines from the Center for
Disease Control. In contrast, there was an increase in non-
pharmaceutical opioid exposures for misuse and self-harm during
the same period. There was a gradual decrease in benzodiazep-
ine exposures during the study period, while exposures to non-
opioid analgesics and antidepressants did not change.
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56. Xylazine trends over time

Michael Levinea, Rachel Culbrethb,
Jennie Buchananc, Evan Schwarza, Kim Aldyd,
Sharan Camplemanb, Alex Krotulskie, Jeffrey Brentf,
Paul Waxb, Alex Maninig and on behalf of the ToxIC
Fentalog Study Group
aUniversity of California, Los Angeles, CA, USA; bAmerican College
of Medical Toxicology; cDenver Health and Hospital Authority;
dAmerican College of Medical Toxicology, Baylor College of
Medicine; eCenter for Forensic Science Research and Education at
the Fredric Rieders Family Foundation; fUniversity of Colorado
School of Medicine; gIcahn School of Medicine at Mount Sinai

Background: Xylazine is a veterinary anesthetic agent, which has
been found increasingly in illicit fentanyl and other illicit opioids.
This study attempted to determine variation in the frequency of
samples containing xylazine over time along with stratification
by geographic region.
Methods: The Toxicology Investigators Consortium (ToxIC)
Fentalog Study is a regionally diverse multi-center toxico-epi-
demiology study which consists of patients presenting to 10 par-
ticipating EDs with suspected acute opioid toxicity from 9/21/

2020 to 5/1/2023. In addition to chart review of medical records,
waste serum, drawn as part of routine clinical care, is collected
and analyzed using liquid chromatography quadrupole time-of-
flight mass spectrometry for the presence of over 1,000 novel
psychoactive substances, drugs of abuse, and therapeutics. A
central IRB approved this study with waiver of consent. For this
interim analysis dates of active sample collection (11/2020–8/
2021 and 2/2022–11/2022 were divided into five month periods;
periods; 1: (11/2020–3/2021); 4/2021–8/2021); 3: (2/2022–6/2022);
4 (7/2022–11/2022). Regions were considered West (California,
Oregon), Midwest (Michigan, Missouri); East (New York, New
Jersey, Pennsylvania). Utilizing unadjusted bivariate regression,
the four time periods and three regions were examined.
Results: Among the total sample of cases with analytes (n ¼

740), 20.4% (n ¼ 151) biologic samples contained xylazine.
Xylazine was detected in 36/96 (37.5%) samples in period 1, 56/
211 (26.5%) in period 2; 22/149 (14.7%) of samples in period 3;
and 38/177 (21.4%) of samples in period 4. These were not sig-
nificantly different. However, there was a significant change
when stratified by region. Xylazine was found in 2/85 (2.4%) of
samples from the West; 17/184 (9.2%) of Midwest samples; and
133/464 (28.6%) of samples from the East. Thus, the odds of fen-
tanyl containing xylazine is 13.1 (95% CI 3.19–54.1) comparing
East to West. There was no significant difference in the odds of
fentanyl containing xylazine in the East vs. Midwest.
Conclusions: Over the last 2 years, the number of patients test-
ing positive for xylazine in our sample did not significantly
change; however, regional sample variation was significant with
xylazine more commonly detected in the East compared to
the West.
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57. Prevalence of HIV among patients
presenting with acute opioid toxicity

Michael Levinea, Rachel Culbrethb,
Jennie Buchananc, Evan Schwarza, Kim Aldyd,
Sharan Camplemanb, Alex Krotulskie, Jeffrey Brentf,
Paul Waxb, Alex Maninig and on behalf of the ToxIC
Fentalog Study Group
aUCLA; bAmerican College of Medical Toxicology; cDenver Health
and Hospital Authority; dAmerican College of Medical Toxicology,
Baylor College of Medicine; eCenter for Forensic Science Research
and Education at the Fredric Rieders Family Foundation;
fUniversity of Colorado School of Medicine; gIcahn School of
Medicine at Mount Sinai

Background: People living with HIV have higher rates of sub-
stance use compared to the general population, but it’s unclear
what factors are associated with HIV among patients presenting
to the ED with opioid overdose. The objectives of this study are
to: (1) determine the prevalence of HIV in a sample of patients
presenting to the ED with opioid overdose; and (2) identify
demographic (age, sex, race, and ethnicity) and behavioral factors
(current drug use patterns and route of drug use) associated
with HIV.
Methods: The Toxicology Investigators Consortium (ToxIC)
Fentalog Study is a regionally diverse multi-center toxico-epi-
demiology study, which consists of patients presenting to 10 par-
ticipating EDs with suspected acute opioid toxicity from 9/21/
2020 to 5/1/2023. In addition to chart review of medical records,
waste serum, drawn as part of routine clinical care, is collected
and analyzed using liquid chromatography quadrupole time-of-
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flight mass spectrometry for the presence of over 1,000 novel
psychoactive substances, drugs of abuse, and therapeutics. A
central IRB approved this study with waiver of consent. The
prevalence of HIV was determined and stratified by injectable vs.
non injectable drug use. Medians and interquartile ranges (IQR)
were obtained and compared between the HIV positive and
negative groups. Logistic multivariable regression was performed
to assess for confounding variables. All analyses were conducted
in R v4.2.1.
Results: Among the 1,319 subjects identified, 762 (57.8%) were
HIV negative, whereas 41 (3.1%) were HIV positive. The HIV status
was unknown in 516 (39.1%). Males accounted for 70.5% of the
HIV negative group, compared with 78% of the HIV positive
group (P ¼ NS). 332 (42.3%) of the HIV negative group had no
psychiatric comorbidities, compared with 11 (26.8%) in the HIV
positive group (P ¼ 0.05). The median (IQR) age of the HIV nega-
tive cohort was 39 (23) years, compared with 57 (15) in the
patients with HIV (P< 0.001). IDU was reported in 44 (10%), 2
(8%), and 60 (20.8%), of the HIV negative, HIV positive, and HIV
unknown individuals, respectively (P ¼ 0.02). Utilizing multivari-
able regression, age was the only associated factor with HIV sta-
tus (OR: 1.04; 95% CI: 1.02, 1.07), with older ages more likely to
be HIV-positive compared to younger ages. Although race was
statistically significantly associated with HIV status in the
unadjusted regression (Black vs. White race: OR: 3.11; 95% CI:
1.54, 6.49), this association was not significant when accounting
for age, sex, ethnicity, and IDU.
Conclusions: Adults presenting to the emergency department
with acute opioid toxicity should be considered high-risk for HIV,
regardless of the route of drug use. IDU was common among
individuals regardless of HIV status, which presents a modifiable
risk factor for HIV prevention. The rate of HIV positivity in this
population was approximately 10-fold higher than the US aver-
age (0.3%). The median age of HIV positive individuals presenting
with opioid toxicity was significantly older than the rest of the
population in this study.

KEYWORDS Opiate; overdose; HIV

michaeldlevine@gmail.com

58. Use of naloxone upon discharge

Michael Levinea, Rachel Culbrethb,
Jennie Buchananc, Evan Schwarza, Kim Aldyd,
Sharan Camplemanb, Alex Krotulskie, Jeffrey Brentf,
Paul Waxb, Alex Maninig and on behalf of the ToxIC
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aUniversity of California, Los Angeles, CA, USA; bAmerican College
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dAmerican College of Medical Toxicology, Baylor College of
Medicine; eCenter for Forensic Science Research and Education at
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School of Medicine; gIcahn School of Medicine at Mount Sinai

Background: As the opioid crises continues, there has been a
movement to make naloxone directly available to those using
opioids, rather than exclusively first responders. This study
attempted evaluate the variation in dispensing/prescribing nalox-
one among patients admitted to the hospital and then dis-
charged, vs. those discharged from the emergency department
(ED). In addition, this study examined the relationship between
medical toxicology consultations and the rate of naloxone
prescribing.
Methods: The Toxicology Investigators Consortium (ToxIC)
Fentalog Study is a regionally diverse multi-center toxico-epi-
demiology study which consists of patients presenting to 10 par-
ticipating EDs with suspected acute opioid toxicity from 9/21/
2020 to 5/1/2023. In addition to chart review of medical records,

waste serum, drawn as part of routine clinical care, is collected
and analyzed using liquid chromatography quadrupole time-of-
flight mass spectrometry for the presence of over 1,000 novel
psychoactive substances, drugs of abuse, and therapeutics. A
central IRB approved this study with waiver of consent. Naloxone
prescribing was defined as either dispensed or prescribed.
Patients were excluded if their disposition (admission vs. ED dis-
charge) was not recorded, the presence/absence of a toxicology
consult was not recorded, or if the patient died. Odds ratios and
95% confidence intervals were calculated to determine factors
associated with rates of naloxone prescribing.
Results: Out of 1319 eligible study patients, 94 were excluded
(14 deaths 80 incomplete data) leaving 1225 patients analyzed.
Toxicology consultations were obtained on 149 (12.2%).
Naloxone was prescribed to 109 (73%) of those with toxicology
consultation, compared with 405/1076 (37.6%) of those without
(OR 0.22; 95% CI 0.151–0.32; P ¼ < 0.0001). A total of 476
patients were admitted, and 749 were discharged directly from
the ED. Among the admitted patients, 218 (45.7%) received
naloxone upon discharge, whereas 296 (39.5%) of patients dis-
charged directly from the ED received naloxone (OR 0.77; 95% CI
0.81–0.99; P ¼ 0.03)
Conclusions: In this multicenter study of ED patients with con-
firmed opioid overdose, patients admitted to the hospital were
slightly more likely to receive naloxone upon discharge than
those discharged directly from the ED, but the rates were low in
both groups. Patients were much more likely to receive naloxone
upon discharge if a toxicologist was directly involved in their
care. Future study is warranted to improve strategies for nalox-
one prescribing in this patient population.
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59. Trends in non-fatal adolescent
and young adult drug overdoses
presenting to US emergency
departments

Michael Toce and Florence Bourgeois
Boston Children's Hospital

Background: Substance misuse and overdose remain a signifi-
cant public health concern among youths, with CDC data point-
ing to rising rates of overdose deaths in this age group. Non-
fatal drug overdoses have been identified as a key opportunity
for reducing drug-related harms, though healthcare encounters
for these events remain poorly described among adolescents and
young adults. Our objective was to examine temporal trends and
characterize non-fatal drug overdoses among youths presenting
to the emergency department (ED), including associated 1-year
ED revisits.
Methods: This is a retrospective cohort study of adolescents
(12–17 years) and young adults (18–21 years) who presented
with a non-fatal drug overdose between 1/2010 and 10/2022 to
the ED of a hospital participating in the Pediatric Health
Information System (PHIS), a consortium of 49 tertiary care pedi-
atric hospitals across 27 states and Washington, DC. Index ED vis-
its for opioid, benzodiazepine, cocaine, and stimulant overdoses
were identified using ICD codes. One-year ED revisits were classi-
fied as “overdose, index” (same substances as index visit),
“overdose, other” (different substance, e.g., acetaminophen, anti-
psychotic, or antidepressant), “mental/behavioral health” (e.g.,
suicidal ideation, depression, or anxiety), or “other”. Regression
analysis was used to assess trends in index ED visits for overdo-
ses, with the incident rate ratio representing the average change
in outcome rate for each one-year change over the study period.

CLINICAL TOXICOLOGY 29



Stimulant and cocaine overdoses were combined for trend ana-
lysis due to low numbers of cocaine overdoses. Kaplan-Meier sur-
vival analysis was used to assess time to first all-cause ED revisit.
Results: Among the 8,676 individuals with an ED visit for a non-
fatal drug overdose, patients were predominantly adolescent (n
¼ 8193, 94.4%), female (n ¼ 4883, 56.3%), and non-Hispanic
White (n ¼ 4634, 53.4%). Overdoses with benzodiazepines were
the most common, peaking in 2016 at 74.9 overdoses per
100,000 ED visits. Overall, opioid and benzodiazepine overdoses
remained stable while stimulant/cocaine overdoses increased
3.4% (95% CI 1.9, 5.0) per year through 2022. There were 2,255
(26.0%) index visits with at least one ED revisit within one year.
The median time to first revisit was 84 days [IQR 26, 193]. 175
(7.8%) overdose revisits involved the original index substances
(median 112 days [IQR 41, 210]), while 519 (23.0%) were related
to a different substance (median 108 days [IQR 45, 212]) and 519
(23.0%) to a mental health problem (median 78 days [IQR 31,
182]). The most common non-index overdose substances among
revisits were antidepressants (n ¼ 52, 2.3%), antipsychotics (n ¼

38, 1.7%), and acetaminophen (n ¼ 34, 1.5%).
Conclusions: ED visits for non-fatal drug overdoses remain high
among adolescents and young adults, with recent increases in
stimulant-related overdoses. Only a quarter of this high-risk popu-
lation had a repeat visit to the ED within one year, indicating that
programs aimed at reducing overdose-related harms may need to
focus on healthcare and community spaces outside of the ED to
maximize opportunities for interventions. Limitations of this study
include the use of a pediatric database, which may limit general-
izability of findings to patients presenting to a general ED.
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60. Ethanol and lactate: is there a
direct association?

Megan Audette, Damilola Idowu, Amy Zosel and
Justin Corcoran
Medical College of Wisconsin

Background: Ethanol intoxication is regularly seen in the
Emergency Department (ED) and it is common for these patients
to have comorbid pathology. One clinical biomarker used in eval-
uating severity of illness, the serum lactate, has been hypothe-
sized to elevate in the setting of acute ethanol intoxication due
to altered cellular redox state. Providers may defer lactate testing
in ethanol intoxicated patients due to uncertainty in interpret-
ation, however this relationship has never been quantified.
Methods: We performed a retrospective cohort study of adult
patients who had a serum ethanol measured during an ED
encounter in our large academic health system from January 1,
2013 to January 30, 2023. Using TriNetX, a de-identified cohort
builder, we exported these cases and excluded cases that did not
have a serum lactate drawn. We additionally excluded patients
from this cohort that were found to have a medication or medical
diagnosis associated with lactic acidosis. This de-identified list of
patients was used to export laboratory data, basic demographics,
and initial vital signs from the electronic medical record.
Descriptive statistics and regression analysis were performed.
Results: Our initial search identified 13,240 patients with serum
ethanol measured. Of these patients, 3,960 patients had serum
lactate measured concurrently. We excluded 2,584 patients for
potential confounders and an additional 207 patients due to
missing data, leaving a final cohort of 1169. The final cohort was
73% male with age range of 18 to 90 years old, average age
48.9, and median age of 48. On regression analysis, there was
poor correlation found between ethanol and lactate (r2 ¼

0.00136). Subgroup analysis of ethanol levels above 0.08 (the

legal limit) and ethanol levels above 0.2 also showed poor correl-
ation with r2 values 0.00091 and 0.00051, respectively.
Conclusions: In this retrospective data analysis of ED patients in
one academic urban health care system, there was poor correlation
between ethanol and lactate levels. This suggests that an elevated
lactate level should not be attributed to ethanol. Additionally, alco-
hol intoxication should not be used as justification to forego lac-
tate testing when otherwise indicated. While effort was taken to
exclude potential confounders, the causes of lactic acidosis are
numerous, and confounders may remain. In the future, a large pro-
spective study could be performed to elucidate a possible relation-
ship between ethanol intoxication and elevated lactate.
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61. Comparison of laboratory
confirmed drugs in acute recreational
drug toxicity presentations to an
urban hospital in London, UK, 2016/
17 versus 2019/20

Caitlin E Wolfea, Ashley Roweb, Simon Hudsonc,
David M Woodd and Paul I Dargand
aAtlantic Canada Poison Centre; bHealth Canada; cLGC Ltd- Sport
and Specialised Analytical Services; dClinical Toxicology, Guy's &
St. Thomas' NHS Foundation Trust

Background: Acute recreational drug toxicity is a common pres-
entation to emergency departments (EDs). The drugs available
worldwide are changing over time, with increasing availability of
new psychoactive substances (NPS) in addition to established
illicit drugs. However, there are limited data available on the
actual drugs involved as most acute drug toxicity presentations
are managed on the basis of self-report of the drugs involved
without analytical confirmation.
Methods: A prospective sample of adult individuals presenting
to a tertiary care, urban, ED in London, UK, with acute recre-
ational drug toxicity was collected during two periods: October
2016 – February 2017 (500 individuals), and February 2019 –

February 2020 (1000 individuals). Demographics were recorded
from the medical records. If blood was taken for routine bio-
chemical analysis, any remaining sample was collected and saved
for confirmatory toxicological analysis at an independent labora-
tory, and the individual was included in the final cohort.
Qualitative analysis by high resolution mass spectrometry was
performed, and compared to a database of drugs and their
metabolites. Relevant ethics (IRB) approval was obtained.
Descriptive statistical analysis was performed in R.
Results: In total, samples for toxicological analysis were available
for 500 patients in 2016/17, and 939 in 2019/20. The groups
were similar in sex distribution, 85% male in both cohorts (c2
0.01, P ¼ 0.9192), with clinically similar but statistically different
age distribution (mean 33.2 years in 2016/17, versus 34.8 years in
2019/20, t ¼ 2.89, P ¼ 0.0039). See 1 for a comparison of the fre-
quency of substance groups by class identified in each data set.
Compared to 2016/17, there was an increase in the detection of
cannabis, ketamine, and opioids in the 2019/20 cohort, while
there was a decrease in the detection of cathinones, gamma-
hydroxybutyrate (GHB), alcohol, and 3,4-Methylenedioxy metham-
phetamine (MDMA). 2 details the 41 NPS that were detected –

the most common NPS groups were cathinones, novel benzodia-
zepines and synthetic cannabinoids, there were no NPS opioids
detected in either cohort. Twenty-one NPS were detected in
both cohorts, 11 NPS were only detected in 2016/17 and 9 NPS
were only detected in 2019/20.
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Conclusions: In two large cohorts presenting to an urban ED in
the UK with acute recreational drug toxicity, collected several
years apart, there were significant changes in the drugs identified
by confirmatory mass spectrometry. The most no changes were
the decrease in the proportion of individuals in whom cathi-
nones or alcohol were detected and the increase in the propor-
tion of individuals in whom opioids were detected. A total of 41
NPS were detected, the earlier cohort contained more unique
novel cathinones whilst the later cohort contained more unique
novel benzodiazepines. Studies such as these are important to
confirm trends in the drugs, particularly NPS, involved in acute
recreational drug toxicity presentations to the ED to triangulate
with other indicators of drug-related harm and inform public
health interventions.
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62. Reported recreational drug and
new psychoactive substance (NPS) use
versus laboratory detection of
substances by high resolution mass
spectrometry in patients presenting
to the emergency department with
acute drug toxicity

Caitlin E. Wolfea, Ashley Roweb, Simon Hudsonc,
Paul I. Dargand and David M. Woodd
aAtlantic Canada Poison Centre; bHealth Canada; cLGC Ltd- Sport
and Specialised Analytical Services; dClinical Toxicology, Guy's &
St. Thomas' NHS Foundation Trust

Background: Clinicians managing patients with acute recre-
ational drug / new psychoactive substance (NPS) toxicity depend
on patient self report on what drugs they have used. However,
users may not be aware of what they have actually used, or may
not be able to give a reliable history because of drowsiness/agi-
tation. To establish concordance of self-report this study com-
pares users’ self-report (and/or reported drug(s) from other
sources e.g. first responders or bystanders), to the compound(s)
that were subsequently identified in serum by confirmatory
laboratory analysis.
Methods: A prospective sample of 1000 adults presenting to a
tertiary care, urban, emergency department, with acute recre-
ational drug/NPS toxicity was collected from February 2019 –

February 2020. Inclusion criteria included patients having a blood
sample taken for routine clinical care with residual serum remain-
ing for subsequent confirmatory toxicological analysis. A total of
939 appropriate samples were identified, anonymized, frozen,
and then batch delivered to an independent laboratory.
Qualitative analysis by high resolution mass spectrometry was
performed, and compared to a database of drugs and metabo-
lites. Data on stated substance(s) used were extracted from the
routine medical chart/records; this along with analysed results
was batched by drug class where appropriate, and analysis per-
formed in R to assess concordance. Relevant ethics permission
was obtained prior to study commencement.
Results: Individuals were very accurate in naming certain classes;
for example, self-reported opioid use had a PPV of 0.9053, or a
90.53% likelihood that opioids were present in the analyzed sam-
ple. Conversely, hallucinogens were only present in 18.75% of
samples when reported used, or GHB in 53.39%. Individuals were
also mostly quite accurate in not-underreporting substances, for
example those not explicitly reporting GHB use were 97.49% to

be truly negative (NPV 0.9749). Neither PPV or NPV was closely
associated with either reported or analysis prevalence measures.
Conclusions: Overall, most users were relatively accurate in their
self-report of what class of drugs they had, used recreationally.
Certain substances are associated with users also being quite
accurate in knowing that they had not used, for example GHB.
However, drugs that might be pervasive, could have been used
contemporaneously as prescriptions or in acute treatment, or
might be cut into other drugs were present even when not
reported, for example opioids or benzodiazepines. There was
poorer concordance with positive self report for some drugs
including cannabis and cathinones. Clinicians cannot rely on self-
report, or other collateral reports, in all instances to have high
concordance with the likelihood that a substance was, or was
not, recently used, with interesting no exceptions.
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63. Pediatric cannabis ingestions
reported to poison centers in a state
where recreational use is illegal

Teisha Raya, Mathias Forresterb and Melany Genaoc
aCentral Texas Poison Center; bIndependent Researcher; cNorth
Texas Poison Center

Background: Legalization of cannabis in the United States (US) is
increasing. Similarly, pediatric cannabis exposures have increased.
Adverse effects associated with pediatric cannabis exposure include
drowsiness or lethargy, ataxia, tachycardia, mydriasis, hypotonia,
muscle rigidity, seizures, and agitation or irritability. The objective of
this study was to characterize cannabis exposures by young children
reported to poison centers in a state where recreational use is illegal
but medical use of low-tetrahydrocannabinol (THC) oil is legal.
Methods: Data were obtained from the database of a statewide
poison center network. Cases were cannabis exposures (Generic
codes 0083000, 0200618, 0310033, 0310034, 0310035, 0310036,
0310096, 0310097, 0310121, 0310122, 0310125, 0310124,
0310125, 0310126, 0310146, 0310160) reported during 2000-2022
where the patient age was 0-5 years and the exposure route was
ingestion. The distribution of pediatric ingestions was determined
for various factors related to patient demographics, exposure cir-
cumstances, management, and outcome.
Results: A total of 1,608 cannabis ingestions involving patients
age 0–5 years were identified. The annual number of ingestions
ranged 3–12 during 2000–2015, 22 in 2016, 27 in 2017, 59 in
2018, 137 in 2019, 233 in 2020, 401 in 2021, and 605 in 2022;
2021–2022 accounted for 62.6% of the ingestions. Patient age
distribution was 136 (8.5%)< 1 year, 347 (21.6%) 1 year, 428
(26.6%) 2 years, 326 (20.3%) 3 years, 223 (13.9%) 4 years, 142
(8.8%) 5 years, and 6 (0.4%) exact age unknown; 807 (50.2%)
patients were male, 783 (48.7%) female, and 18 (1.1%) unknown
sex. The ingestion site was 1,463 (91.0%) own residence, 65
(4.0%) other residence, and 80 (5.0%) other/unknown. The expos-
ure reason was 1,533 (95.3%) unintentional, 2 (0.1%) intentional,
1 ((0.1%) adverse reaction, 14 (0.9%) other, and 58 (3.6%)
unknown. No other non-cannabinoid substances were reported
in 1,515 (94.2%) of the ingestions. Of these 1,515 ingestions, the
management site was 353 (23.3%) on site, 668 (44.1%) referred
to a healthcare facility, 432 (28.5%) already at/en route to a
healthcare facility, and 62 (4.1%) other/unknown. The medical
outcome was 258 (17.0%) no effect, 270 (17.8%) minor effect,
288 (19.0%) moderate effect, 46 (3.0%) major effect, 24 (1.6%)
not followed-judged nontoxic, 263 (17.4%) not followed-minimal
clinical effects possible, 362 (23.9%) unable to follow-potentially
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toxic, and 4 (0.3%) unrelated effect; no deaths were reported. A
clinical effect was reported in 803 (53.0%) of the ingestions. The
most frequently reported clinical effects were central nervous sys-
tem depression/drowsiness/lethargy (n ¼ 776, 51.2%), vomiting
(n ¼ 85, 5.6%), agitation (n ¼ 55, 3.6%), ataxia (n ¼ 52, 3.4%),
and tachycardia (n ¼ 52, 3.4%). The most commonly reported
treatments were intravenous fluids (n ¼ 313, 20.7%), dilute/irri-
gate/wash (n ¼ 246, 16.2%), and food/snack (n ¼ 152, 10.0%).
Conclusions: The annual number of pediatric cannabis inges-
tions began increasing around 2018, increasing greatly in the last
few years. The highest proportion of patients were age 2 years
followed by 1 year, and more patients were male. Most patients
were managed at a healthcare facility although slightly more
than half did not have a serious outcome.
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64. Uncanny results: cannabidiol
exposures treated at hospital
emergency departments

Maria Hinojosaa, Shawn M. Varneya and
Mathias B. Forresterb
aSouth Texas Poison Center, San Antonio, TX, USA; bIndependent
Researcher, Austin, TX, USA
Background: Cannabidiol (CBD) is a compelling cannabinoid
candidate for medical use due to its lack of psychoactivity and
favorable safety profile, making it the subject of clinical studies
in treating psychiatric, neurodegenerative, and anti-inflammatory
diseases. In the United States (US), in 2018, the Food and Drug
Administration (FDA) approved CBD to treat rare forms of epi-
lepsy. Currently, hemp-derived CBD products that contain 0.3%
or less tetrahydrocannabinol (THC) are federally legal and pro-
moted as a supplement, with unproven claims of therapeutic
effects. This study aimed to characterize CBD exposures treated
at US hospital emergency departments (EDs).
Methods: Data were obtained from the National Electronic Injury
Surveillance System (NEISS), a database of consumer product-
related injuries collected from a representative sample of
approximately 100US hospital EDs. National estimates are calcu-
lated from database records according to the sample weight
assigned to each case based on the inverse probability of the
hospital being selected for the NEISS sample. Cases were all CBD
exposures reported to the NEISS during 2000–2021. Cases were
identified by searching the Narrative field for "CBD" or "cannabi-
diol." The case distribution was determined for various factors.
Results: National estimates were not calculated due to the small
number of cases. 47 CBD exposures were identified in a sample
of US hospital EDs. No exposures were reported in 2000–2017, 2
(4.3%) in 2018, 8 (17.0%) in 2019, 13 (27.7%) in 2020, and 24
(51.1%) in 2021. The formulation was 19 (40.4%) gummy, 9
(19.1%) oil, 4 (8.5%) t/pill 2 (4.3%) unspecified edible, 2 (4.3%) e-
cigarette, 1 (2.1%) candy, 1 (2.1%) cream, and 9 (19.1%)
unknown. Other cannabis ingredients, such as THC, were also
present in the product in 16 (34.0%) exposures. Route of expos-
ure was 40 (85.1%) ingestion, 4 (8.5%) inhalation, 1 (2.1%) der-
mal, and 2 (4.3%) unknown. Age distribution was 28 (59.6%) 0–5
years, 1 (2.1%) 6–12 years, 1 (2.1%) 13–19 years, and 17 (36.2%)
20 years or older; 29 (61.7%) patients were male, and 18 (38.3%)
were female. Patient race was 18 (38.3%) White, 9 (19.1%) Black/
African American, 2 (4.3%) Other, and 18 (38.3%) not stated in
the ED record. Location of the incident was 32 (68.1%) home, 2
(4.3%) place of recreation or sports, 1 (2.1%) street or highway, 1
(2.1%) other public property, and 11 (23.4%) not recorded.
Patient disposition was treated or examined and released [25
(80.6%) CBD alone, 7 (43.8%) CBD and other/THC], treated and

admitted for hospitalization [5 (16.1%) CBD alone, 6 (37.5%) CBD
and other/THC], treated and transferred to another hospital [1
(3.2%) CBD alone, 1 (6.3%) CBD and other/THC], and held for
observation [0 (0.0%) CBD alone, 2 (12.5%) CBD and other/THC].
Conclusions: CBD exposures reported to US hospital EDs after
2018 gradually increased, with over half reported in 2021.
Exposures involving other cannabis ingredients/THC were more
likely to be admitted or held for observation. Thus, the safety
and purity of CBD products remain obscure without FDA
regulation.
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65. Cannabis intoxication in the
emergency room. a review of 11 years
in a hospital of M�exico State

Arturo Giovanny Ponce De Le�on,
Jorge Guillermo P�erez Tu~n�on, Mayr�e Ivonne Bautista
Alb�ıter, Lorena Mancera Castillo, Dania Mariel Felix
Bernstorff and Yadira Jodisel Rosales Bacilio
Centro Toxicol�ogico Hospital �Angeles Lomas

Background: In recent years, the increasing decriminalization of
recreational marijuana use in North America has facilitated its
acquisition and has expanded the supply of products containing
cannabinoids. The aim of this study is to describe the clinical
characteristics of cannabinoid intoxicated patients attending the
emergency room in the State of Mexico.
Methods: An observational, retrospective, cross-sectional,
descriptive, retrospective study was carried out on patients who
were evaluated by toxicology in Huixquilucan, State of Mexico,
from January 2012 to March 2023. A total of 1426 cases were
analyzed, of which 58 were patients intoxicated by cannabinoids.
Information on the number of patients, age group, subject for
consultation, route of exposure, treatment and days of hospital
stay during the study period was examined.
Results: A total of 58 cases of cannabinoid intoxication were
reported, with 35 male patients (60.34%) and 23 female patients
(39.65%), with an average age of 31 years. The age groups with
the highest consumption were 21 to 30 years old, with 21
patients (36.20%), and 11 to 20 years old, with 12 cases (20.68%).
In 2012, 2 cases were reported, in contrast with 2022 that had
an increase of 15 patients (25.86%). The most frequent subject
for consultation was anxiety with 32 patients (55.17%). Exposure
was oral in 40 cases (68.96%) and smoked in 18 cases (31.03%).
Cannabis was ingested by means of brownies in 11 patients
(18.96%) and cannabis gummies in 7 patients (12.06%).
Associated exposures were ethanol in 16 patients (27.58%) and
energy drinks in 11 cases (18.96%). In 2 pediatric patients (3.4%),
orotracheal intubation was performed, with gastric decontamin-
ation by orogastric lavage and activated charcoal administration.
The inpatient hospital stay was less than 24hours in 52 patients
(89.65%) and more than 24hours in 6 patients (10.3%), with an
average of 2 days.
Conclusions: Our study found higher cannabis use in 2022 com-
pared to the years of the previous decade in the study hospital,
which is probably due to a decrease in the perception of risk asso-
ciated with cannabis use among the general population. The sex
of highest consumption was male, predominantly in young adults,
who went to the emergency room for anxiety and nausea due to
oral cannabis consumption in the form of brownies, some of them
associated with ethanol and energy drinks. On the other hand, the
oral route and pediatric age together, were related to severity,
since 2 cases of accidental ingestion at 1 and 5 years of age pre-
sented with neurological deterioration and seizures, respectively.
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Likewise, it was observed that inpatient hospital care was less
than 24hours; however, in severe cases, it was 2 days on average.
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66. The truth about Delta 8-THC:
findings from partnerships with
community-based organizations to
measure parents awareness about the
impact of Delta 8-THC on adolescents

Ansley Davisa, Tara Indara, Chloe Talberta,
Jemima Dougeb, Destin Rothea, Kimberly Menendeza

and Kathleen Moorea
aUniversity of South Florida; bFlorida Poison Information Center-
Tampa

Background: The Centers for Disease Control has noted growing
concern about a form of cannabis called Delta-8-THC. Not much is
known about the exact effects Delta-8-THC has on adolescent
development. Still, research suggests that adolescents have a higher
sensitivity to THC which can result in inhibition and dysregulation
of dopamine function. Using a mixed methods approach, this study
investigated community members' knowledge about Delta-8.
Researchers partnered with a Community-Based Organization (CBO)
and a Regional Poison Center to conduct the study.
Methods: Researchers conducted a multi-faceted project to gather
insight into community awareness of Delta-8-THC. First, a baseline
survey was given to parents of suburban middle-class English-
speaking adolescents to measure their knowledge of Delta-8-THC
(n ¼ 91). The survey consisted of 17 items (i.e., closed-ended,
Likert-scale, rank order, and rating questions). Second, environmen-
tal scans (n ¼ 13), a tool to survey the landscape of organizations
to observe trends in the industry, were conducted of commercial
businesses selling hemp-derived products within the county where
the study occurred. The questionnaire consisted of 16 questions
focusing on access to hemp-derived products, labels, packaging,
etc. Third, semi-structured interviews (n ¼ 6) were conducted with
key community stakeholders, voluntarily recruited through commu-
nity agencies networks. The interviews were conducted virtually
and consisted of 7 interview questions about policy, health risks,
and potential recommendations for Delta-8-THC.
Results: For the community survey, descriptive statistics were
used to examine frequencies, mean distributions, and standard
deviations across items. 68% of the respondents answered "I
don't know" to all 17 questions about Delta-8-THC knowledge
and awareness. For the environmental scans, descriptive statistics
were used to examine frequencies, mean distributions, and
standard deviations across items. Results revealed that a majority
of Delta-8-THC is sold in vape shops (58%), but the product is
also sold in gas stations (28%) and small markets (14%). Results
of the environmental scan showed most of the stores had no
signs for minimum age of purchase, warning signs about
potency, or signs saying that they checked I.D for purchase of
Delta-8-THC products. The environmental scans also revealed
that a majority of the stores sold products that had more than
400mg THC per package as well as marketing of products that
looked like popular children's candy. Interview transcripts were
analyzed for common themes through a thematic analysis
approach. The results we gathered from the interviews were
three overarching themes: dissemination of Delta-8-THC know-
ledge, lack of regulation, and public awareness.
Conclusions: The study revealed community members were
unaware of the impact of Delta-8-THC. Overall, stakeholders felt

that more awareness needs to be raised about the potential
impact of Delta-8-THC on adolescent well-being. Awareness cam-
paigns should be disseminated to the community, and especially
parents, to educate individuals about the potential dangers asso-
ciated with Delta-8-THC such as where it can be sold, lack of
information at the point of sale, marketing techniques, and pro-
vide resources like the Poison Help line number.
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67. Rick Simpson oil (RSO) overdose: a
THC concentrate getting “higher” on
the differential

Sarode Shaan, Julia Todd and David Goldberger
Albert Einstein Healthcare Network

Background: This case report is written to formally describe Rick
Simpson Oil (RSO), a concentrated Tetrahydrocannabinol (THC)
oil, in the literature as a foundation for future reference and
research. We want to highlight potential toxicities associated
with this potent THC formulation as well as potential treatment
options. We also identify shortcomings of current resources avail-
able for RSO users and ways that clinicians can intervene to pro-
mote patient safety.
Case report: A 48-year-old female presents to the emergency
department after self-administration of an inappropriate dose of
RSO as a sleep aid, which caused the patient to require treat-
ment for bradycardia in the emergency department. Subsequent
admission to the intensive care unit for monitoring of cardio-
respiratory depression resulted in recovery and discharge from
the hospital.
Discussion: Marijuana is a naturally occurring plant from which
cannabinoids are extracted including tetrahydrocannabinol and
cannabidiol. Rick Simpson Oil is derived from a recipe that yields
highly concentrated THC compounds. The main receptors acti-
vated are in the endocannabinoid system, which cause clinical
effects of altered perception and disruption of psychomotor
behavior. Our described case highlights the dangerous scenario
where RSO packaging instructions do not reference any specific
measurable quantities. This unfortunately puts users at high risk
for accidental overdose. With little consensus and lack of vali-
dated trials for dosing of these compounds, it becomes the onus
of the user, to use their own experimentation to find a dosing
that works for them. Initial triage of a patient with suspected
overdose with RSO involves calculating how much THC the
patient ingested and at what time, in order to predict estimated
complete metabolism. Along with a broad differential involving
other causes of acute neurological changes, we recommend dis-
cussion with local toxicologists and Poison Control Center.
Expect tachy-brady syndromes in monitored patients, which is
seen in published literature. Marijuana highly concentrates in
most major organs allowing for storage and a long release
potential. Toxicity exists in both physiological and psychobeha-
vioral forms. Important physiologic effects include rapid changes
in heart rate, diastolic blood pressure, and central nervous sys-
tem (CNS) depression among others. Prior literature aligns with
our case of bradycardia in ingestion versus tachycardia in inhal-
ation. Behavioral changes include euphoria, relaxation, panic and
paranoia. Because there is no antidote or reversal agent for THC,
time is the only treatment and therefore inpatient observation
may be required as well as exploring alternatives options for
pain management. It is usually expected that effects of a THC
overdose are self-limiting.
Conclusions: Rick Simpson Oil (RSO) is a concentrated form of
THC, the psychoactive component of marijuana. Toxicity includes
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physiological changes such as tachy-brady syndromes, bradyp-
nea, and CNS depression. Psychobehavioral changes include
euphoria, panic, and paranoia. Treatment is supportive, including
airway precautions, continuous cardiac, and respiratory monitor-
ing, until THC can be metabolized. THC use is becoming more
commonplace in many populations; therefore, clinicians should
be aware of their increasing potential misuse and overdose along
with associated toxicities.
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68. Cannabinoid hyperemesis
syndrome: clinical trajectories and
patterns of use two weeks following a
visit to the emergency department for
cyclic vomiting

Rachel Wightmana, Jane Metrikb, Timmy Linc,
Alexandra Collinsd and Francesca Beaudoind
aAlpert Medical School of Brown University; bBrown University;
cBrown Emergency Medicine; dBrown University School of Public
Health

Background: Cannabinoid hyperemesis syndrome (CHS) is a clin-
ical condition of cyclic vomiting, nausea, and abdominal pain
associated with chronic cannabis use. Due to acuity of symptoms
patients with cyclic vomiting frequently present to the
Emergency Department (ED). Understanding what happens in
the period surrounding the ED visit, including symptoms and
cannabis use practices, can help inform development of patient-
centered interventions for patients with CHS.
Methods: A prospective observational cohort study of partici-
pants with suspected CHS (n ¼ 39) were recruited from the ED
at the time of a symptomatic cyclic vomiting episode. Eligible
individuals were: (1) English-speaking; (2) aged �18 years; (3)
had a positive urine toxicology immunoassay for THC on ED visit;
(4) reported severe cyclic vomiting (i.e., > 2 episodes within six
months prior to the index ED visit); (5) epigastric or periumbilical
abdominal pain; (6) chronic, daily cannabis use (> 20 days per
month; duration �1 year); (7) and onset of cyclic vomiting after
initiation of cannabis use. Exclusion criteria included: (1) preg-
nancy; clinically unstable; in police custody or incarcerated; (2)
ED urine toxicology positive for non-prescribed drugs besides
THC; (3) active suicidality; (4) an alcohol use disorder as deter-
mined by the ED physician. Patients with overlapping disease
processes or alternate diagnoses that could account for vomiting
symptoms (e.g., inflammatory bowel disease) were excluded
based on consultation with the treating physician. Symptoms of
CHS (cyclic vomiting, nausea, and abdominal pain) and cannabis
use practices were recorded via texted or emailed daily surveys
for 14 days.
Results: A total of 35 of 39 participants (94%) completed the
two-week daily assessments. 1 provides participant demograph-
ics. Most participants (66%) returned to cannabis use within
48hours of the enrollment ED visit. Median days of cannabis use
over the two-week follow-up period was 12 days (IQR 2, 13). Five
participants abstained from cannabis use during the full two-
week follow-up period. All participants reported at least one
symptom (nausea, abdominal pain, or cyclic vomiting) during the
14 days after the ED visit. Median days with any CHS symptoms
was 7 out of 14 days (IQR 3, 13). A total of 23 participants (66%)
experienced cyclic vomiting during the 14 days after the ED visit.
Among participants who did not report cyclic vomiting in the 14

daily surveys (34%): 2 reported nausea only, 3 reported abdom-
inal pain only, and 7 reported both nausea and abdominal pain.
The median days out of 14 with cyclic vomiting, abdominal pain,
and nausea respectively were 3 days (IQR 0, 4), 6 days (IQR 2,
13), 4 days (IQR 2, 8). Percent of participants reporting symptoms
by day for 14 days is provided in.
Conclusions: Participants reported high rates of ongoing CHS
symptoms (i.e., abdominal pain, nausea, or cyclic vomiting) in the
period following an ED visit. Cannabis use was reduced immedi-
ately after the ED visit, but most participants returned to canna-
bis use patterns similar to pre-ED visit within a few days.
Longitudinal study beyond two weeks is needed to better under-
stand the clinical course of patients with suspected CHS.
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69. Effect of state level cannabis
legalization on pediatric exposure
calls to Poison Control Centers

James Chenowetha, Daniel Tancredia, Tayler
Avakianb, Justin Lewisc and Timothy Albertsona
aUniversity of California – Davis; bSt. Joseph's Medical Center;
cSacramento Division, California Poison Control System

Background: Significant changes in the legal status of cannabis
have occurred in many states. State-level data suggest that can-
nabis legalization results in increased pediatric cannabis expo-
sures, however these studies do not control for national patterns
and could reflect changing attitudes towards cannabis that lead
to state-level legal status changes. We aim to evaluate the effect
that state-level legal status changes had on pediatric cannabis
exposure calls to poison control compared to states without a
legal status change.
Methods: All pediatric exposure calls in the National Poison Data
System between January 1, 2009, and December 31, 2019, were
included. Annual rates in the number of exposure calls were
compared between states with a legal status change and those
that did not have a legal status change using a conditional nega-
tive binomial regression model for longitudinal data. Given the
high degree of variability in the timing of legal status changes,
the year of the change was excluded from the analysis.
Results: There was a total of 26,870 pediatric cannabis exposure
calls during the study period. Thirty-one states had a cannabis
legal status change during the study period. Overall, pediatric
exposure calls in states without a legal status change increased
from 371 calls in 2009–1304 calls in 2019 (351% increase), while
calls in states with a legal status change increased from 823 calls
in 2009–4249 calls in 2019 (516% increase). States that legalized
medicinal cannabis saw a yearly 10.2% (95% confidence interval
(CI) 1.2–20.1%, P ¼ 0.025) increase in pediatric cannabis exposure
calls after the legal status change while states that legalized rec-
reational cannabis saw a yearly 55.5% (40.9–71.6%, P < 0.00)
increase in pediatric cannabis exposure calls after the legal status
change.
Conclusions: Changes in the state-level legal status of cannabis
were associated with a significant increase in pediatric exposure
calls when compared to states without a legal status change.
This suggests that the increase is due to the legal status change
and not pre-existing trends in pediatric exposures. Efforts should
be taken to educate cannabis consumers on the risks of pediatric
exposure.
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70. Trends in pediatric cannabis
exposures reported to poison control
centers in states bordering Colorado
after recreational cannabis
legalization

James Chenowetha, Jenna Rassuchinea,
Daniel Tancredia, Tayler Avakianb, Justin Lewisc and
Timothy Albertsona
aUniversity of California – Davis; bSt. Joseph's Medical Center;
cSacramento Division, California Poison Control System

Background: Legalization of cannabis for medicinal and recre-
ational use has occurred in many states over the past several
years. Colorado was one of the first states in the nation to legal-
ize the use and possession of cannabis for recreational use in
2012. Previous analysis of state level data suggests that both
medicinal and recreational cannabis legalization result in
increased pediatric cannabis exposures, however, an analysis on
the effect in bordering states has not been done. We aim to
evaluate the effect that legal status changes in Colorado had on
pediatric cannabis exposure calls to poison control centers in
neighboring states.
Methods: All pediatric (age < 18 years) cannabis exposure calls
to poison control in states sharing a border with Colorado
(Arizona, Kansas, Nebraska, New Mexico, Oklahoma, Utah, and
Wyoming) between 1 January, 2009, and 31 December 2019,
were eligible for inclusion. Information calls and calls regarding
synthetic cannabinoids were excluded from the analysis. Annual
call volume was compared before and after recreation cannabis
was legalized in Colorado (2012) using population averaged
Poisson regression with a correction for collinearity. We also eval-
uated for the year 2014, when recreational sales began. Outputs
are reported as incident rate ratios (IRR).
Results: There was a total of 2,169 pediatric cannabis exposure
calls meeting inclusion criteria during the study period. Prior to
recreational cannabis legalization (2012), pediatric exposure calls
in neighboring states were decreasing by 3% (IRR 0.97, 95% con-
fidence interval (CI) 0.91–1.03) per year. Following legalization,
calls began increasing by 35.3% (IRR 1.35, 95% CI 1.25–1.46) per
year. A similar effect was seen with implementation of recre-
ational sales in 2014. Before sales started pediatric exposure calls
were increasing by 4% (IRR 1.04, 95% CI 0.99–1.08) per year and
afterwards began increasing by 30.3% (IRR 1.30, 95% CI
1.22–1.38) per year.
Conclusions: Poison control centers in states neighboring
Colorado saw a significant increase in pediatric cannabis expos-
ure calls after both legalization of recreation cannabis and imple-
mentation of cannabis sales. The greater affect was seen after
legalization suggesting that a change was occurring even before
recreational sales started. This suggests that more education is
needed for prevention of these exposures, even in states where
the legal status has not changed.
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71. Is visiting stores selling cannabis
products and distributing poison
center cannabis education cards an
effective way to share knowledge of
products’ effects on children?

Elizabeth Roza, Angela Pasho, Ari Bader and
Brittney Kirilova
Nebraska Regional Poison Center

Background: From 2017 to 2021 pediatric edible cannabis expo-
sures increased by over one thousand percent in children less
than six years of age. Effects of edible cannabis products, when
ingested by children, can include life-threatening central nervous
system depression.
Methods: Specialists of Poison Information (SPIs) visited twenty-
two stores in one state selling edible cannabis products. SPIs
handed out cards detailing possible effects of cannabis in children
and poison center (PC) contact information, requesting stores dis-
play cards and distribute them to customers. Cards were double
sided with one side printed in English and the other in Spanish. A
secondary objective was to survey edible cannabis products avail-
able. The Institutional Review Board at the university affiliated with
this PC did not consider this project human subject research.
Results: Twelve of eighteen stores reached by phone in the two
months following SPI visits reported displaying and distributing
cards. All who displayed reported staff were more aware of can-
nabis effects in kids related to PC outreach. Some comments:
“Staff referred to postcards when (they) were called about prod-
uct’s effects.” “This is good information to have available.” “This
has made staff more confident about products.” One store
alerted SPI to an online pledge available in a neighboring state
encouraging safe use of this type of product, which this PC will
review. Two stores were unreachable and two did not return
calls. Cannabis products noted by SPIs were varied and many.
Few products had resistant packaging. Examples included cheese
flavored tortilla chips, candy ropes, pop rocks, cookies, cereal
bars, brownies, gummies, popcorn and chocolate bars. Most
were labeled and claimed a range of content of cannabidiol
(CBD), Delta-8 tetrahydrocannabinol (THC) and/or Delta-9 THC.
Serving size and total active ingredient content varied widely.
Honey sticks, taffy, and some gummies were without labeling.
Conclusions: The serious effects edible cannabis products can
have in children and increased number of exposures warrant a
variety of education strategies. Visiting stores selling these prod-
ucts and asking them to display and distribute PC information to
customers yielded a two-thirds success rate of stores reachable
when informally surveyed by telephone in the two months fol-
lowing. Most edible products were snack food type products
without resistant packaging, and some were without any label-
ing. Other PCs may want to develop similar strategies.
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72. Pediatric exposures to cannabis
edibles in Connecticut following
implementation of legislation

Suzanne Doyon, Tammy Pellman, Allison Smith and
Katherine Hart
Connecticut Poison Control Center, UConn Health

Background: Availability of recreational cannabis for adult use
following legalization has resulted in an increase in rate and
severity of pediatric exposures in many states and jurisdictions.
The State of Connecticut’s (CT) law on cannabis differs signifi-
cantly from that of other states. It limits the amount of tetra-
hydrocannabinol (THC) per edible to < 5mg, limits the total THC
per package to < 100mg, limits the appearance of edibles, and
has strong labelling requirements. Most importantly, the law
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requires that edibles be individually wrapped and be dispensed
(even multi-serving products) in child-resistant containers that
satisfy the standard set forth by the 1970 Poison Prevention
Packaging Act. We analyze the impact of this legislation on pedi-
atric exposures to cannabis edibles.
Methods: A pre- and post-intervention analysis of poison center
data was conducted. The pre-intervention period was 10 January
2022 to 9 January 2023 (12 months). The post-intervention
period was 10 January 2023 to 2 May 2023 (4 months). Inclusion
criteria: children under 6 years of age, exposure to cannabis.
Exclusion criteria: product was not a cannabis edible, exposure
via breast milk, confirmed non-exposure. Specific origin of the
edible was determined prospectively: purchased in CT dispensary,
purchased out-of-state, purchased on internet, homemade, or
unknown. All pediatric exposures to all substances were the off-
set variable. Chi square analysis was performed.
Results: A total of 69 exposures to cannabis edibles in children
under 6 years of age were analyzed. Exposures per 4-weeks pre-
and post- are illustrated. A 42.3% increase in exposures was
observed (3.69/4-weeks to 5.25/4-weeks). This increase was not
statistically significant (P ¼ 0.20). The origin of the edible was
documented in 75% of exposures. None (0%) were licit cannabis
edibles purchased from brick-and-mortar CT dispensaries. The
majority (60%) were cannabis edibles purchased out-of-state or
from internet.
Conclusions: From 2017 to 2021, the number of Americans who
gained access to legal recreational cannabis, including cannabis
edibles, nearly doubled from 68 to 134 million persons. This dou-
bling was associated with a 1375% increase in pediatric expo-
sures to cannabis edibles reported to poison centers. The Illinois
Poison Center reported 1300% increase in exposures to cannabis
edibles in children under 6 years old following the implementa-
tion of recreational cannabis legislation. Another center reported
a > 500% increase in exposures in children under 10 years old in
Colorado from 2009 to 2015. Ontario, Canada reported a statistic-
ally significant increase in emergency department visits for can-
nabis exposures in children under 10 years old. Connecticut
Poison Control Center reports a 42.3% increase in exposures to
cannabis edibles in children under 6 years old following imple-
mentation of its recreational cannabis law. This increase was not
statistically significant when compared to pre-period. It contrasts
sharply and favorably with previously reported increases.
Cannabis edibles ingested in the post-period were mostly (60%)
from out-of-state/internet. Measures such as child-resistant pack-
aging and individual wrapping may be associated with a lower
increase in pediatric exposures to cannabis edibles. More longitu-
dinal studies are needed to better examine these results.
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73. That’s not your grandfather’s pot:
cannabis exposure in the elderly

Paul Ehlersa, Matthew Novakb and Michael Wahlb
aToxikon Consortium, Chicago, IL, USA; bIllinois Poison Center,
Chicago, IL, USA

Background: Recreational cannabis use is increasingly common
as multiple states have legalized cannabis. Delta9-tetrahydro-
cannabinol (THC), the predominant cannabinoid in cannabis, ago-
nizes CB1 and CB2 receptors, which has effects on vascular tone,
hemodynamics, and central nervous system (CNS) functioning.
There are case reports of intracerebral hemorrhage and myocar-
dial infarction temporally associated with cannabis exposure.
Cannabis potency has increased dramatically and ready-made
consumer edible products containing hundreds of milligrams of
THC have arisen as legalization becomes more widespread. It is

not known how these higher-intensity exposures specifically
affect the elderly.
Methods: A retrospective review of cannabis exposures reported
to a regional poison center (RPC) from 1 January 2017 to 31
December 2022 was performed. Inclusion criteria were patients
60 years and older with single-substance cannabis exposures.
Specific data queried included number of cases by year, form of
cannabis exposure (edible, smoked, etc.), clinical characteristics
(initial vital signs, presenting symptoms and signs), diagnostic
workup obtained, and medical outcome. Of note, recreational
cannabis use was legalized in the RPC state on 1 January 2020.
Results: There were 79 cases that met inclusion criteria. The
mean age was 69.3 years (range 60–91), with an increase in the
cases per year from pre-legalization (8) to post-legalization
(18.33). 40 (51%) presented to an emergency department, with
the remainder being managed on site. Oral cannabis consump-
tion was reported in 60 cases, of which 15 (25%) were due to
mistaking a cannabis edible for a food product. Although most
patients had minor effects (40.5%), an appreciable minority were
judged to have moderate (30.4%) or major (3.8%) effects. Vital
sign derangement included bradycardia (heart rate < 60 bpm) in
7 (9%) and tachycardia (HR > 100) in 8 (10%). 5 patients had sys-
tolic blood pressure < 100mmHg, and 11 (14%) had systolic
blood pressure z 150mmHg. 8 cases underwent computed tom-
ography (CT) of the head (10%), including 1 patient who under-
went a focused stroke evaluation by the stroke team. 3 patients
(4%) presented with chest pain and had no history of coronary
artery disease (CAD), 8% presented with syncope, 32% were con-
fused, and 48% were lethargic. 2 patients underwent lumbar
puncture (LP) to evaluate for other causes to their change in
mental status. There were 6 total ICU admissions (8% of the
cohort), 5 of which occurred after cannabis legalization. 24% of
the cohort was admitted to the hospital for further evaluation
and management. There were no fatalities.
Discussion: In this cohort of cannabis exposures in elderly adults
reported to a single RPC from 2017 to 2022, there were multiple
patients who presented to emergency departments, with 24%
requiring hospital admission, including 6 ICU admissions. Initial
presentations varied, but confusion and lethargy were common,
including depressed mental status severe enough to provoke CT
imaging (in 10%) or lumbar puncture (3%).’
Conclusions: Cannabis exposure in the elderly resulted in mul-
tiple hospital and ICU admissions and led to both non-invasive
and invasive diagnostic testing. Edible products made up 75% of
exposures to the RPC with a marked increase after legalization.
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74. That’s not xanax: a cluster of
bromazolam overdoses presenting
with seizures, hyperthermia, and
myocardial injury

Paul Ehlersa, Amy Deitcheb, Leslie Wisec,
Alfreda Holloway-Bethd, Ross Ellisone, Jordan Treckif,
Roy Geronae and Michael Wahlb
aToxikon Consortium, Chicago, IL, USA; bIllinois Poison Center,
Chicago, IL, USA; cIllinois Department of Public Health, Springfield,
IL, USA; dCook County Department of Public Health, Chicago, IL,
USA; eUniversity of California – San Francisco, San Francisco, CA,
USA; fDrug Enforcement Administration, Arlington, VA, USA

Background: Bromazolam is a triazolobenzodiazepine synthe-
sized in 1979 but never approved for therapeutic use. It was first
detected in the illicit drug supply in Sweden in 2016 but has
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been increasingly seen since. It is often co-detected with fentanyl
but is also sold as an ersatz legal benzodiazepine (BZD). We pre-
sent a cluster of 3 cases of patients who consumed bromazolam
that was sold as alprazolam.
Case series: Three previously healthy patients (a 25-year-old
man, patient A; a 25-year-old man, patient B; and a 20-year-old
woman, patient C) ingested bromazolam that they believed to
be alprazolam. They were found unresponsive by patient A’s
mother 8 hours later. All three received naloxone in the field
from EMS with no response. They were unresponsive on arrival
to the emergency department. Patient A was hypertensive, tachy-
cardic, and hyperthermic (38.7 �C), and examination revealed
dilated but reactive pupils and multiple generalized seizures; the
patient was intubated for airway control. Lab work revealed
rhabdomyolysis and myocardial injury. Patient B arrived at the
same hospital and was also intubated due to unresponsiveness
and multiple generalized seizures. He also had myocardial injury
and hyperthermia (38.0 �C). Patient C was taken to another hos-
pital and similarly arrived obtunded. She had focal seizures and
was also intubated. Her workup showed myocardial injury.
The regional poison center was contacted for assistance and
the three patients were admitted to ICU. Patient A required
intubation until hospital day 5 due to depressed mental status.
Post-extubation, he was noted to have moderate aphasia and
dysphagia, and was discharged on HD 11 with persistent deficits.
Patient B’s mental status improved and was extubated on HD 1.
He was discharged on HD 4 with mild hearing difficulty but
otherwise neurologically intact. Patient C progressed to status
epilepticus and required multiple anti-epileptics. Her neurological
exam revealed persistent coma and she was transferred to
another hospital on HD 11. She was unfortunately lost to follow
up at the second institution. Serum from all 3 patients on the
day of hospital presentation was sent to the University of
California, San Francisco (UCSF) via the Drug Enforcement
Administration’s Toxicology Testing Program (DEA TOX).
Comprehensive liquid chromatography-quadrupole time-of-flight
mass spectrometry (LC-QTOF/MS) testing revealed high levels of
bromazolam in all 3 cases. Patient A’s level of 207ng/ml was the
highest recorded by DEA TOX.
Discussion: Bromazolam is usually detected alongside opioids, but
it can be misrepresented as a legal benzodiazepine. In this case
series, the patients ingested bromazolam and presented with a
pattern of hyperthermia, seizures, and myocardial injury. This toxi-
drome is unexpected for a BZD overdose, which may be a product
of anoxic brain injury due to prolonged unconsciousness, or it may
represent additional features of bromazolam in overdose.
Conclusions: Bromazolam may be sold as counterfeit alprazolam,
and overdose can result in an unexpected toxidrome of hyper-
thermia, seizures, and myocardial injury.
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75. Trends in the incidence of alcohol
and cannabis-related emergency
department visits among college
students (July 2018 to April 2023)

Abigail F. Kernsa, Rita Farahb and
Christopher P. Holstegeb
aUniversity of Virginia Health; bSchool of Medicine, University of
Virginia

Background: Alcohol misuse is a significant public health con-
cern among college students. Recently, incidents related to

edible cannabis have also emerged as a crucial public health
issue. In this study, we seek to investigate the patterns of emer-
gency department (ED) visits related to overall overdoses as well
as alcohol and cannabis misuse related visits among college stu-
dents aged 17–23 years over a period of 4 years. Specifically, we
sought to analyze trends at a single center-university teaching
hospital over four academic years (2019, 2021–2023).
Furthermore, we identified and compared trends before and dur-
ing the COVID-19 pandemic to determine if there were signifi-
cant changes.
Methods: We conducted a retrospective analysis of ED visits of
college students aged 17–23 years to a single university teaching
hospital over 4 academic years. We included cases where the
chief complaint was related to an overdose, to an alcohol over-
dose, or to cannabis toxicity. We compared trends in overall
overdoses, alcohol overdose, and cannabis toxicity (per 1000 ED
visits) during the following periods: academic year 2019
(“reference” and pre-pandemic period 9/1/2018 – 5/31/2019),
academic year 2021 (9/1/2020 – 5/31/2021: period marked by vir-
tual learning but onsite university living), academic years 2022
and 2023 (9/1/21–5/31/2022 and 9/1/2022–4/30/2023, respect-
ively), using Poisson regression methods.
Results: During the study period, 1060 cases met inclusion crite-
ria. A total of 726 cases were alcohol overdoses and 75 were can-
nabis toxicity related ED visits. There was a significant decrease
in the number overall overdoses (P< 0.001) and alcohol overdose
related ED visits (P ¼ 0.002) during the pandemic period of vir-
tual learning compared to the reference period. However, these
numbers increased during the academic year 2022 and 2023
periods (P ¼ 0.02). In contrast, cannabis toxicity related ED visits
steadily increased during the entire study period. There was an
overall increase in overdose-related ED visits between the refer-
ence period and academic year 2023 (49.7 per 1000 ED visits;
95% CI [43.8–55.5] vs. 62.8 per 1000 ED visits; 95% CI
[55.9–69.7]). The incidence of alcohol overdose related ED visits
did not change significantly during the period of virtual learning;
however, those increased significantly from 30.7 (95% CI
[2.6–3.5], pre-pandemic, to 42.4 (95% CI [37.0–47.7]) during aca-
demic year 2022 and 47.7 (95% CI [41.6–53.8]) during academic
year 2023, when in-person learning resumed for both years. The
study found that cannabis toxicity related incidents steadily
increased between academic years 2019 and 2023.
Conclusions: This study highlights a significant increase in the
incidence of collegiate ED visits related to alcohol and cannabis
misuse complications as we emerge from the pandemic. These
findings underscore the need for continued monitoring and tar-
geted interventions to prevent and manage morbidity related to
alcohol and cannabis misuse, particularly in the vulnerable colle-
giate population of individuals aged 17–23 years.
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76. Top substances reported to US
poison centers associated with major
outcome or death

Ryan J. Colea, Rita Farahb, David H. Schaffera and
Christopher P. Holstegeb
aUniversity of Virginia Health; bSchool of Medicine, University of
Virginia

Background: Medical outcome severity in cases reported to
United States Poison Centers (PCs) has been increasing. This
trend has been seen in both intentional and unintentional expo-
sures. This study was conducted to determine the top substances
responsible for this trend.
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Methods: A retrospective review of the National Poison Data
System (NPDS) was conducted over a 15 year period, between 1
January 2007 and 31 December 2021. The NPDS was queried for
the top substances resulting in severe outcome or death in both
the adult (age > 19) and pediatric (age �19) populations. This
was divided into three, five year blocks (2007–2011, 2012–2016,
2017–2021) for categorization. Each block was divided into inten-
tional and unintentional exposures.
Results: During the study period there was a total of 411,056
cases of major outcome or death. There were 275,246 inten-
tional adult exposures. For adult intentional exposures, acet-
aminophen combination products were the leading substance
associated with severe outcome or death for the entire study
period with 104,328 total cases. For both periods from 2007 to
2011 and 2012 to 2016, acetaminophen combination products,
benzodiazepines, and ethanol were the top three substances.
For 2017 to 2022, acetaminophen combination products, acet-
aminophen alone, and benzodiazepines were the top three.
There were 31,355 number of unintentional adult exposures.
The overall leading substance was carbon monoxide with 2,816
cases. From 2007 to 2011, the top three substances were car-
bon monoxide, benzodiazepines, and acetaminophen alone.
From 2012 to 2016, the top three were carbon monoxide, acet-
aminophen alone, and benzodiazepines. From 2017 to 2021,
the top substances were acetaminophen combination products,
carbon monoxide, and acetaminophen alone. There were
41,442 number of intentional pediatric exposures. Atypical anti-
psychotics were the overall leading substance with 4,524 cases.
From 2007 to 2011, the top three were atypical antipsychotics,
acetaminophen combination products, and benzodiazepines.
From 2012 to 2016, atypical antipsychotics, benzodiazepines,
and bupropion were the top substances. From 2017 to 2021,
acetaminophen alone, bupropion, and atypical antipsychotics
were the leading substances. There were 17,205 number of
unintentional pediatric exposures. Clonidine was the top sub-
stance throughout the study period with 1967 cases. From
2007 to 2011, the top substances were clonidine, atypical anti-
psychotics, and carbon monoxide. From 2012 to 2016, cloni-
dine, carbon monoxide, and laundry detergents were the top
three. From 2017 to 2021, clonidine, carbon monoxide, and
buprenorphine were the leading substances.
Conclusions: Acetaminophen and acetaminophen combination
products continue to play a major role in cases with severe out-
come or death in both intentional and unintentional cases for all
age groups. Carbon monoxide remained a top substance for
unintentional exposures across all age groups within the study
period. In the pediatric age group specifically, atypical antipsy-
chotics was in the top three substances for intentional exposure
during the entire study period, with bupropion emerging in
recent years; in the unintentional exposure group, clonidine
remained in the top three for the entire study period, with
buprenorphine emerging in recent years.
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77. Liver injury trends due to
poisoning as reported in the National
Poison Data System (2000–2022)

Bethany A. Neria, Rita Faraha, David H. Schafferb,
Connor J. Moorec, Jason A. Papinc and
Christopher P. Holstegea
aSchool of Medicine, University of Virginia; bUniversity of Virginia
Health; cBiomedical Engineering, University of Virginia

Background: The liver is one of the most susceptible organs to
drug toxicity with hundreds of substances reported to cause
drug induced liver injury (DILI). DILI remains the most common
cause of acute liver failure in the United States (US) and in most
Western countries, and its diagnosis and management can be
challenging given the numerous causes and varying clinical
course of hepatotoxicity. This study aims to examine the US
national trends in severe liver injury (SLI) due to toxic exposures.
Methods: The National Poison Data System (NPDS) was queried
for all human exposures reported to US poison centers (PCs) from
1 January 2000 to 31 December 2022. We assessed trends in SLIs,
as defined by aspartate aminotransferase (AST) or alanine amino-
transferase (ALT) > 1000 IU/L, among adults (age > 19 years) by
reason for exposure and sex using Poisson regression methods.
Cases experiencing rhabdomyolysis were excluded. Data were
analyzed using SAS statistical software (version 9.4; SAS Institute).
Results: During the study period, 45,005 toxic exposures resulted
in SLIs. The majority of these exposures were intentional (80.3%),
and 58.7% occurred among females. SLI was more prevalent
among females compared to males (7.0 per 10000 intentional
exposure vs. 6.2 per 10000 intentional exposure; P< 0.001). There
was a significant increase in trends of SLI among intentional
exposures from 703 cases (0.43%) in 2000 to 1627 (0.59%) in
2012 and 2,220 (0.85%) in 2022 (P< 0.001). These trends were
also seen when the data was stratified by sex. SLI was reported in
397 (0.44%) females in 2000 compared to 1,243 (0.90%) in 2022
(P< 0.001), and in 306 (0.47%) males in 2000 and 977 (0.89%) in
2022. SLIs were less common in unintentional exposures, however
a significant increase in trends of SLI was also observed from 170
(0.03%) in 2000 to 322 (0.06%) in 2012 and 817 (0.13%) in 2022
(P< 0.001). The increase was seen among both females (80
[0.03%] in 2000 to 491 [0.13%] in 2022; P< 0.001) and males (90
[0.04%] in 2000 to 326 [0.14%] in 2022; P< 0.001) when stratified
by sex. In both intentional and unintentional exposures leading
to SLI, the most frequent substance reported in all years between
2000 and 2022 was acetaminophen (alone). This substance led to
35% of both the unintentional and intentional cases in 2000, and
55% of the unintentional and 39% of the intentional cases in
2022. The next most frequent substances reported were acet-
aminophen in combinations with other substances and ethanol.
Conclusions: PC data demonstrated that the rate of exposures
that resulted in SLI significantly increased from 2000-2022. This
trend persisted when the exposures were stratified by intention-
ality and sex, suggesting that toxic exposures more frequently
resulted in SLI independently of these factors. Acetaminophen
remains the substance most commonly associated with SLI.
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Background: Emergency department (ED) initiated buprenor-
phine provides a low barrier access point and safety net to miti-
gate opioid overdose risk and increase treatment engagement.
We sought to describe trends in buprenorphine utilization and
naloxone co-prescribing from the ED using national data.
Methods: This is a retrospective review of the National Hospital
Ambulatory Medical Care Survey (NHAMCS) between 2014 and
2020. Our primary outcomes were the trends in ED buprenor-
phine administration and discharge prescriptions for buprenor-
phine products (including buprenorphine-naloxone products). We
described patient demographics, hospital characteristics, visit
characteristics, and the rate of naloxone co-prescribing at ED dis-
charge. We used descriptive statistics, and Spearman’s rho (SR) or
Pearson’s correlation coefficient (PC) as applicable to describe
the trends.
Results: Between 2014 and 2020, there were 302,384 visits
where buprenorphine was administered, with an increase over
time (PC: 0.73, P ¼ 0.03). There were 284,099 visits where bupre-
norphine was prescribed at ED discharge, with an increase over
time (SR: 0.71, P ¼ 0.036). The largest rise in rate for discharge
prescriptions occurred between 2019 and 2020: (37,737 (0.03%)
visits versus 126,041 (0.10%), (233% increase in rate, P< 0.0001).
For both populations, most patients were between the ages of
25–44 years (66.3 and 77.1%, respectively), and had Medicaid
(32.7 and 60.5%, respectively). Hospitals were primarily non-aca-
demic (63.2 and 72.8%, respectively), and located in urban set-
tings (94.4 and 82.3%). Among patients administered
buprenorphine in the ED, 51,015 (16.9%) received naloxone in
the ED and 18,361 (6.1%) visits where naloxone was prescribed
at discharge with no trend over time (PC: 0.24, P ¼ 0.3; SR: 0.61,
P ¼ 0.07, respectively). Among patients who were prescribed
buprenorphine at discharge, there were 0 visits where naloxone
was given in the ED and 44,290 (15.6%) visits where naloxone
was co-prescribed at discharge. Among those visits that involved
admissions, none received naloxone during the ED visit.
Conclusions: There was an increase in buprenorphine adminis-
tration and prescribing at ED discharge over time. The no accel-
eration in prescriptions at ED discharge between 2019 and 2020
may indicate that the ED may have been a safety net for patients
who lost access to addiction care during COVID-19 or that the
pandemic exacerbated the need for OUD treatment. Rates of
naloxone co-prescribing were low. Future studies should explore
barriers to buprenorphine prescribing, particularly following
removal of the “X”-waiver, and targeted interventions such as
clinical decision support for buprenorphine and naloxone
prescribing.

KEYWORDS Buprenorphine; NHAMCS; emergency department

christine.ramdin@rutgers.edu

79. Incidence of buprenorphine
precipitated withdrawal in emergency
department patients with opioid use
disorder in Philadelphia

Anthony Spadaroa, Austin Kilarua, Jeanmarie
Perronea, Margaret Lowensteina, Lewis Nelsonb,
Sophia Faudec, Andrew Siew-Asamoaha,
Christopher Snidera and Ashish Thakrara
aUniversity of Pennsylvania; bRutgers University; cNew York University

Background: The incidence of precipitated withdrawal (PW) after
induction with buprenorphine is unclear for individuals with opi-
oid use disorder (OUD). Adverse outcomes from buprenorphine

induction may deter efforts to expand this evidence-based prac-
tice in emergency departments (EDs). Although evidence from
patient surveys report high rates of PW, secondary analyses of an
ED-based multicenter clinical trial estimated low incidence. The
objective of this study was to estimate the incidence of PW in a
real-world retrospective cohort of patients with OUD who pre-
sented to the ED.
Methods: We obtained electronic health record data for adult
patients with OUD at three academic hospitals in Philadelphia
between January 2020 and December 2021. We included
patients who received an initial sublingual dose of buprenor-
phine greater than 2mg in the ED or soon after hospital admis-
sion from the ED. We included patients with a documented
score of > 8 on the Clinical Opiate Withdrawal Scale (COWS)
prior to receiving buprenorphine. We excluded patients who
lacked documentation of COWS after receiving buprenorphine.
We defined PW as an increase in COWS > 5 within two hours of
the first dose of buprenorphine. We report PW incidence overall,
by initial buprenorphine dose, by withdrawal severity, and for
patients with urine drug testing (UDT) and fentanyl detected.
Results: Of 374 patients who received buprenorphine, 160 (43%)
met inclusion criteria. Patients had mean age of 39 years; 51
(32%) patients were female, and 56 (35%) reported Black race.
Overall, 22 (14%) patients met criteria for PW. The incidence of
PW by initial dose was 2 of 29 patients (7%) for 2mg; 13 of 96
(14%) for 4mg; and 7 of 35 (20%) for 8mg or greater. Among
patients with COWS between 8 and 12 prior to induction, 13 of
102 (13%) met criteria for PW, compared to 9 of 58 (16%) with
COWS > 12. Among 89 patients with fentanyl detected by urine
drug screen, 17 (19%) met criteria for PW.
Conclusions: In this cohort of patients with OUD who presented
to EDs in Philadelphia, the incidence of PW was more than ten-
fold higher than that reported for patients enrolled in a recent
clinical trial. PW was more common for higher initial doses of
buprenorphine. Limitations of this study include small sample
size as well as high rates of missing documentation of with-
drawal scores. New approaches are needed to measure the inci-
dence, anticipate, and manage symptoms due to PW to sustain
access to this highly effective treatment for OUD in the ED.
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80. Clinical characteristics of patients
with suspected overdose based on
urine xylazine test results: a
retrospective cohort study

Anthony Spadaro, Margaret Lowenstein,
Jeanmarie Perrone, Lin Xu and Ashish Thakrar
University of Pennsylvania

Background: Xylazine is increasingly found with fentanyl in the
illicit drug supply and was recently categorized as an emerging
threat by the White House. There is little evidence on the effects
of co-exposure of fentanyl and xylazine in overdose, but some
experts have raised concern for synergistic toxicity. We obtained
a cohort of patients with suspected opioid overdose who under-
went additional urine drug screening to assess for the presence
of xylazine. We compared the clinical features of those in whom
xylazine was and was not detected.
Methods: In March 2022, our health system, composed of 4
urban academic hospitals in Philadelphia, Pennsylvania imple-
mented a gas chromatography-mass spectrometry (GC-MS) urine
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xylazine test. The decision to order urine xylazine tests was made
by the treating clinician. From June 2022 to December 2022,
there were 8 patients with a diagnosis of “drug overdose” and a
urine xylazine test ordered. Xylazine was detected in 4 of 8
patients; all 8 patients had detected concentrations of fentanyl in
the urine.
Results: Patients who were xylazine positive presented with simi-
lar initial heart rate and systolic blood pressure compared to
those patients who were xylazine negative. The average initial
heart rate among xylazine positive patients was 76 (SD 6.7) com-
pared to the xylazine negative patients initial heart rate of 103
(SD 26.9), P ¼ 0.1. The average initial systolic blood pressure
among xylazine positive patients was 86.7mmHg (SD 6.6) com-
pared to the xylazine negative patients initial systolic blood pres-
sure of 92.7mmHg (SD 12.8), P ¼ 0.4. One of the four xylazine
positive patients were admitted to the ICU while the other three
were discharged from the ED. Two of the xylazine negative
patients were admitted to the ICU, one was admitted to a
Medicine floor, and one was discharged from the ED. All of the
patients presenting with overdose had fentanyl detected and
were managed with naloxone and supportive care. Among all 8
patients, 3 patients reported that they were using cocaine and it
was suspected that it was adulterated with fentanyl.
Conclusions: Patients presenting to the ED after a fentanyl over-
dose may be co-exposed to xylazine, especially in areas of high
xylazine prevalence. Patients who tested positive for xylazine on
urine drug testing had similar initial heart rate and systolic blood
pressures, although the point estimate suggests lower heart rates
and systolic blood pressure in the xylazine positive group.
Patients who use cocaine may inadvertently be exposed to fen-
tanyl and xylazine. In this series, more of the xylazine negative
patients were admitted to the hospital compared to the xylazine
positive patients. In this health system in Philadelphia, half of the
patients presenting with overdose who had a urine xylazine
tested were positive for xylazine. More research is needed to
determine the clinical characteristics of xylazine use and optimal
management of xylazine overdose, particularly when combined
with opioids such as fentanyl.
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81. Benzodiazepine co-exposure
among patients treated in the
emergency department with
suspected opioid overdose
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Shao Lib, Sharan Camplemanb, Barry Loganc, Jeffrey
Brentd, Alex Krotulskie, Paul Waxb, Alex Maninif and
on behalf of the ToxIC Fentalog Study Group
aOregon Health and Science University, Portland, OR, USA;
bAmerican College of Medical Toxicology, Phoenix, AZ, USA; cNMS
Labs, Horsham, PA, USA; dUniversity of Colorado School of
Medicine, Aurora, CO, USA; eCenter for Forensic Science Research
and Education, Willow Grove, PA, USA; fIcahn School of Medicine
at Mount Sinai, New York, NY, USA

Background: Simultaneous exposure to both benzodiazepines
and opioids can lead to synergistic respiratory depression and
sedation, increasing the likelihood of overdose. Co-exposure of
benzodiazepines with opioids may complicate the effectiveness
of antidotal treatment and result in the need for further medical
care. Our objective was to report on the detection of prescription
and illicit benzodiazepine co-exposures among patients treated
in emergency departments with suspected opioid overdoses. We

aimed to compare the demographic characteristics, clinical mani-
festations, treatments, outcomes, and regional differences of
patients with opioid overdose who were also exposed to benzo-
diazepines, versus those without benzodiazepine co-exposure.
Methods: The Toxicology Investigators Consortium (ToxIC)
Fentalog Study is an ongoing, cohort study of patients present-
ing to 10 emergency departments across the US with suspected
opioid overdose. Discarded blood/serum were analyzed using
liquid chromatography quadrupole time-of-flight mass spectrom-
etry for over 1,100 drugs of abuse, novel psychoactive substan-
ces, and pharmaceutical drugs. As of 18 April 2023, 1,264 cases
met inclusion, and 735 cases had complete data including analy-
tes. The analytic sample was restricted to only cases with opioids
present (n ¼ 670). A central IRB approved this study. All analyses
were conducted in R v4.2.1.
Results: Among the cases with opioids present, 33.4% of cases
tested positive for benzodiazepines. 28% of cases tested posi-
tively for prescription benzodiazepines, and 9% of cases tested
positively for illicit benzodiazepines. The most commonly
detected prescription benzodiazepine was alprazolam (42.2% of
prescription benzodiazepines); the most common illicit benzodi-
azepine was clonazolam (72.9% of illicit benzodiazepines). One-
third of patients had either an illicit or prescription benzodiazep-
ine present alongside at least one opioid. Fentanyl was the most
frequently detected opioid in patients with opioid and benzodi-
azepine co-exposure (74.1%), followed by methadone (29.5%).
No statistically significant differences were found for age, sex,
and race/ethnicity between the benzodiazepine group and the
no benzodiazepine group. A higher percentage of benzodiaze-
pines were found alongside opioids in the Northeast (68.8%)
compared to opioids alone (59.9%) (2 ¼ 9.61, df ¼ 2, P ¼ 0.01).
While a higher percentage of patients with only opioids received
naloxone (80.7%) compared to patients with both opioids and
benzodiazepines (71.7%, P ¼ 0.01), there was no statistically sig-
nificant difference between the total naloxone dosage in mg
between the two groups. The benzodiazepine group had double
the prevalence of intubation (10.3%) compared to the opioid
only group (4.9%) (2 ¼ 5.95, df ¼ 1, P ¼ 0.01). No patient
received flumazenil. There were no statistically significant differ-
ences in other clinical outcomes between those with benzodiaze-
pines present and those without (e.g., cardiovascular events,
neurological events, medical outcome, and length of stay).
Conclusions: We identified a high rate of benzodiazepine and
opioid co-exposure, suggesting concomitant use or addition to
the opioid supply. A higher percentage of benzodiazepines were
found alongside opioids in the Northeast. Patients in the benzo-
diazepine/opioid group had significantly higher rates of intub-
ation, suggesting greater severity of overdose.
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82. Alcohol and drug use among
youth presenting to the pediatric
emergency department: an
opportunity for intervention

Madeline Renny, Jonathan Berger, Jennifer Love and
Roland Merchant
Icahn School of Medicine at Mount Sinai

Background: Limited research exists on substance use among
youth presenting to emergency departments (EDs). Better under-
standing of youth substance use can help develop ED-initiated
substance use interventions. We aimed to determine the fre-
quency and type of substance use in youth presenting to our
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pediatric ED and identify characteristics associated with high-risk
substance use.
Methods: We conducted a computer tablet-based, anonymous,
self-reported survey of patients 14–21 yrs presenting to an urban
pediatric ED from February to April 2023. The survey was a modi-
fication of the Screening to Brief Intervention substance use
screening tool, combined with components of the modified
Alcohol, Smoking and Substance Involvement Screening Test,
and included detailed questions regarding frequency of use for
tobacco, alcohol, marijuana, and other substances (cocaine,
methamphetamines, heroin, K2, hallucinogens, inhalants), as well
as prescription medication (stimulants, benzodiazepines, and
opioids) and over-the-counter medication misuse. Demographic
characteristics (age, sex, race/Hispanic ethnicity) also were col-
lected, as well as information on attitudes toward ED screening
and interventions for substance use. Frequency and type of sub-
stance use was analyzed based on age groups (14–17 yrs and
18–21 yrs). Logistic regression was used to identify demographic
characteristics associated monthly use or more of any substance
(high-risk use).
Results: Of 155 pediatric ED patients approached, 135 (87.1%)
completed the survey. Average age was 17.5 yrs (SD ¼ 2.3),
61.5% were female, 54.1% were Hispanic. Among participants
14–17 yrs, 37.7% (n ¼ 26) reported substance use in the past
year; 29.0% (n ¼ 20) with monthly use or more of at least one
substance. Among participants 18–21 yrs, 75.8% (n ¼ 50)
reported substance use in the past year; 68.2% (n ¼ 45) with
monthly use or more of at least one substance. For both age
groups, alcohol (14–17 yrs: 26.1% (n ¼ 18); 18–21 yrs: 65.2% (n
¼ 43)), marijuana (14–17 yrs: 23.2% (n ¼ 16); 18–21 yrs: 62.1% (n
¼ 41)), and tobacco (14–17 yrs: 11.6% (n ¼ 8); 18-21 yrs: 28.8%
(n ¼ 19)), were the most common substances used. Within the
past year, 26.1% (n ¼ 18) of participants 14–17 yrs and 62.1% (n
¼ 41) of those 18–21 yrs reported using multiple substances. In
the regression analysis, older age (18–21 yrs) was associated with
high-risk substance use (aOR 6.1, 95% CI (2.75 – 13.57). The
majority of patients reported that it was important/very import-
ant for youth to be asked about substance use in the ED (n ¼

90, 66.2%) and for the ED to offer help for youth with substance
use, (n ¼ 111, 81.6%).
Conclusions: Substance use was common in youth presenting to
this urban, academic pediatric ED, with alcohol, marijuana, and
tobacco most often used. Many patients reported high-risk sub-
stance use, and the majority of youth believed that the ED was
an important setting for substance use screening and interven-
tions, highlighting the need for universal ED substance use
screening and ED-based, targeted interventions for youth.
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2021 chlordiazepoxide shortage on
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Background: Alcohol withdrawal syndrome (AWS) is an emer-
gent condition that is frequently managed in the Emergency
Department. Benzodiazepines are the primary treatment, and

chlordiazepoxide is a preferred oral agent. In 2021, a five-
month shortage of chlordiazepoxide limited its availability
across the Mount Sinai health system. We assessed the short-
age’s effect on ED management and outcomes of AWS
patients.
Methods: We conducted a retrospective time series cohort ana-
lysis of patients presenting to Mount Sinai EDs from 01/29/2021
to 05/02/2022. Encounters were identified from Epic’s data ware-
house. Inclusion criteria were a primary or secondary ED diagno-
sis of alcohol related disorders. Exclusions included age < 18,
pregnant patients, police custody, and non-ethanol intoxication/
withdrawal. Data was analyzed using univariate comparisons,
logistic regression, and mixed-effects linear regression.
Anonymized patient keys were treated as random effects to
account for subject-specific variability in the outcomes of
interest.
Results: 3,050 encounters were identified (874 during the short-
age; 2,176 non-shortage). Baseline characteristics were similar
(median age 46, 76% male). PO diazepam use increased from 4
to 19% (P< 0.001) and PO lorazepam use increased from 25 to
31% (P< 0.001) during the shortage. IV diazepam use increased
from 11 to 15% (P¼ 0.027). Post-shortage, chlordiazepoxide use
remained lower (29%) than pre-shortage (38%, P< 0.001).
Medication associations with ED length of stay (LOS), hospital
LOS, and odds of admission were compared pre- and post-short-
age. Total chlordiazepoxide dosage positively predicted ED LOS
post-shortage (beta ¼ 0.01, P ¼ 0.018) compared to pre-shortage
(beta ¼ 0.0, P ¼ 0.8). PO diazepam dosage predicted hospital
LOS (beta ¼ 0.02, P ¼ 0.001) and hospital admission (OR ¼ 1.19,
P< 0.001) post-shortage compared to pre-shortage (beta ¼ 0.02,
P ¼ 0.2; OR ¼ 1.04, P ¼ 0.5). IV diazepam dosage positively pre-
dicted ED LOS pre-shortage (beta ¼ 0.14, P< 0.001) compared to
post-shortage (beta ¼ 0.05, P ¼ 0.063). PO and IV lorazepam
dosage positively predicted ED LOS and admission both pre- and
post-shortage. Across the entire time period, PO lorazepam dos-
age negatively predicted intubation (OR ¼ 0.38, P ¼ 0.007), while
IV lorazepam dosage positively predicted intubation (OR ¼ 1.45,
P ¼ 0.017). IV diazepam dosage negatively predicted death
(OR ¼ 0.87, P ¼ 0.051), while chlordiazepoxide dosage positively
predicted death (OR ¼ 1.01, P ¼ 0.005).
Conclusions: The chlordiazepoxide shortage prompted changes
in benzodiazepine use patterns that persisted post-shortage. Our
findings suggest that the choice of benzodiazepine and total
dosages may influence patient outcomes such as ED/hospital
LOS, admission, intubation, and mortality.
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84. A systematic review of phenibut
withdrawal with a focus on treatment
strategies

Ryan Feldmana, Brian Autryb, Joanna Dukesb,
Thomas Lofyb, Gina Marchettic, Amber Pattd,
Nicole Battermane and Jillian Theobalda
aWisconsin Poison Center; bFroedtert Hospital; cThe Medical
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eUniversity of Wisconsin Madison School of Pharmacy

Background: Phenibut is an unregulated supplement in the
United States. It acts as a GABA-B agonist and is commonly used
to manage social anxiety, induce euphoria, or as an adjunctive
therapy for withdrawal from other substances. Chronic use of
phenibut can lead to physiologic dependence and subsequent
withdrawal when use is stopped. Withdrawal from phenibut can
cause severe symptoms such as delirium, hallucination, and
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seizure. Numerous treatment strategies for withdrawal have been
reported and there is no consensus on the optimal strategy. The
purpose of this systematic review is to characterize the natural
history of phenibut withdrawal and summarize treatment strat-
egies published in the literature.
Methods: A systematic review was conducted using the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Checklist. English language peer-reviewed
articles or abstracts in humans describing phenibut withdrawal
after cessation of phenibut were included. Databases searched
were Ovid/MEDLINE, Web of Science, and Science Direct. Studies
were appraised using the Joanna Briggs Institute (JBI) Critical
Appraisal Checklist for Case Reports. Key outcomes, including
patient demographics, withdrawal characteristics, and treatment
characteristics, were collected into a predefined data collection
sheet by six independent reviewers.
Results: Search results yielded 505 articles of which 25 were
included. All articles were case reports or published abstracts. All
of the cases (100%) involved male patients and the median age
was 30.5 years (IQR 24.75–34.25 years). Median daily phenibut
use prior to experiencing withdrawal was 10g (IQR 4.75–21.5 g, n
¼ 23 reporting). The shortest duration of phenibut use prior to
withdrawal was one week (two grams daily). Median time from
stopping use to presentation was 2 days (IQR 0.25–5 days, n ¼

11 reporting). Withdrawal symptoms occurred as quickly as two
hours after the last phenibut dose. Sixteen patients (64%)
reported progression of withdrawal severity within the first
24hours of healthcare contact. Seizures were reported in two
patients (8%), intubation in six patients (24%), and ICU admission
in 11 patients (44%). Withdrawal treatment strategies varied
widely. Two cases (8%) reported outpatient clinic management
of withdrawal. Both utilized a phenibut taper, one cross tapered
adjunctive baclofen. All patients undergoing medication-assisted
abstinence required initial inpatient management and received a
drug that acts on GABA receptors. Seventeen cases (68%) utilized
a benzodiazepine and 15 cases (60%) utilized baclofen. Drugs uti-
lized in withdrawal are displayed in. Twenty patients (80%)
required at least two drug therapies to manage symptoms. Two
patients using baclofen monotherapy outpatient, after initial sta-
bilization with multiple drug classes, reported adverse effects.
One patient had a seizure and the other experienced relapse
with need for definitive benzodiazepine treatment.
Conclusions: Phenibut withdrawal can cause severe symptoms.
Treatment strategies vary. Phenibut dose tapering or medically
assisted abstinence with a GABA agonist have both been
employed. There is a need for further research to establish clear
guidance on both assessment and management of phenibut
withdrawal. The role of baclofen in managing withdrawal war-
rants scrutiny to identify an appropriate place in therapy.
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85. A retrospective look at kratom
withdrawal from regional poison
center data

Aria Ganz-Waplea, Lesley Pepinb, Nikolaus Matslerb

and Christopher Hoyteb
aAscension St. John Hospital; bRocky Mountain Poison and Drug
Safety

Background: Kratom, a xenobiotic derived from the Mitragyna
speciosa tree, has been increasingly used in the United States
over the last decade. Currently, kratom is in a legal gray area,
lacking federal regulation and legality differing from state to
state. Kratom usage ranges from recreational to therapeutic,

including emerging considerations for usage in opioid with-
drawal. Kratom usage and subsequent dependence can lead to a
clinical withdrawal state. The purpose of this study was to quan-
tify and characterize kratom withdrawal reported to a regional
poison center.
Methods: We performed a retrospective chart review of all kra-
tom cases from a regional poison center from 1 January 2016 to
31 December 2022. Cases were identified using the generic code
for kratom. Details of withdrawal cases were abstracted including
demographics, clinical effects, and disposition.
Results: A total of 330 cases relating to kratom were identified,
39 (12%) of which were reported as kratom withdrawal. Annual
kratom exposure and withdrawal cases rose through the study
period. Among the withdrawal cases, 28 were male (72%) and
ages ranged from 4 days to 77 years with a median of 33.5 years.
(IQR: 30–42.3). There were two pediatric cases (4%). Most com-
mon symptoms were agitation (12, 31%), vomiting (8, 21%), dia-
phoresis (5, 13%), and tachycardia (5, 13%). Most withdrawal
patients experienced minor effects (24, 62%) with seven experi-
encing moderate (18%) and two experiencing major effects (5%),
and no deaths. Five of the nine patients with moderate or major
effects were experiencing polysubstance withdrawal. Eight (21%)
withdrawal patients required admission. Intensive care unit
admissions included: an infant with prenatal kratom exposure, a
patient with evolving withdrawal during an unrelated trauma
admission, and an intubated patient with polysubstance with-
drawal. Floor admissions included: two cases of polysubstance
withdrawal, a patient with evolving withdrawal during an unre-
lated admission and isolated kratom withdrawal presentation.
Conclusions: Overall, there was a rise in kratom and kratom
withdrawal cases reported to the poison center during the study
period. This may suggest increased kratom use regionally or
increased utilization of poison centers for management guidance.
Few pediatric cases were reported, with one neonatal withdrawal
presentation. Most withdrawal patients that experienced moder-
ate or major clinical effects experienced polysubstance with-
drawal, while the preponderance of isolated kratom withdrawal
were able to be discharged home with minor effects. The study
may under-represent prevalence of withdrawal as the dataset is
dependent on voluntary reporting to the poison center. As the
number of people using kratom continues to grow, so will the
need for further education of medical providers and investigation
regarding optimal management of its withdrawal states.
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86. When you give naloxone rescue
kits to people who use drugs, guess
what happens: they save lives

Jennifer Plumba, Fiona Dwirea, Erin Frattoa,
Riley Dragea, Nicholas Weaverb, Margaret Plumba,
Jakob Gertlera, Aleksei Hernandez-Nietlinga and
Stef Grundya
aUniversity of Utah; bIntermountain Healthcare

Background: Communities began equipping non-medical layper-
sons with naloxone rescue kits in 1996. Since then, hundreds of
thousands have been saved nationwide. Syringe exchange and
harm reduction programs have proven to be the most successful
access points for placement of these kits. Partnerships that place
naloxone directly in the hands of people who use drugs (and
those around them) have demonstrated crucial strides in pre-
venting preventable deaths. Data from these settings provides
frontline information about naloxone use in the most at risk pop-
ulations using substances we may know the least about. This
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study describes the reported use of intramuscular (IM) injectable
naloxone rescue kits (containing 0.4mg/ml naloxone doses)
within a population of layperson participants in multiple syringe
exchange services (SES) and harm reduction programs.
Methods: Anonymous self-reporting of naloxone rescue kit use
including: the number of 0.4mg naloxone doses/vials used in an
opioid overdose reversal, who it was used on, if EMS was called,
and if the individual survived. Participant kits each contain two
doses of 0.4mg naloxone (single dose vials), two syringes, and
instructions. SES participants were encouraged to obtain multiple
kits. Reversal data was collected anonymously by trained staff of
each SES and aggregated by the lead agency.
Results: 6463 individual reports of naloxone rescue kit use
were documented over 73 mos (02/17-03/23), data points were
obtained on 4927 of these reversals. Kits were furnished by
one central agency to 5 community-based organizations
(CBOs), and were provided to participants during SES outreach
services. 97.5% (4803) of the reports described a successful
reversal and survival. The reported use was on a friend/
acquaintance (79%), self (10%), stranger (4%), family member
(6%), spouse (0.5%), dog (0.01%), unknown (3%). One dose of
naloxone (0.4mg IM) was used to reverse an overdose in 22%
(1067) of the reports, two doses 53% (2568), 3 doses 10%
(464), 4 doses 10% (502), 5þ doses 2.5% (134), unknown doses
2% (98). There were 124 unsuccessful reversal reports during
this time period using between 1 and 6 vials of naloxone. EMS
was reportedly called 30% of the time when a layperson kit
was used in this setting.
Conclusions: Individuals participating in SES and harm reduc-
tion programs self-reported use of naloxone rescue kits that
had been furnished to them. 97.5% of those administered lay-
person naloxone in this setting survived. The majority of the
reversals were on a friend/acquaintance, but also on family
members, the participants themselves, and even strangers.
Over 75% of the reversals were reported successful with 1 or 2
doses of 0.4mg IM injectable naloxone in a community with
known fentanyl saturation. These results do not indicate that
an increased dose of naloxone is required in laypersons rescue
kits. These results do suggest that individuals in the SES setting
should have access to multiple kits or kits with at least 3-4
doses given that 70% of the reports did not include a call to
EMS. Increased education about the role of EMS, enhancing
Good Samaritan legal protections for those who call 911, and
ensuring individuals in this setting have access to multiple kits/
doses is recommended. People who use drugs are saving the
lives of those around them.
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87. Abuse of bupropion by
insufflation and ingestion is
increasing in the United States: a
national poison data system review

Sarah Berga, Shahnaz Rashida and Neeraj Chhabrab
aToxikon Consortium; bUniversity of Illinois at Chicago

Background: Bupropion is a cathinone that inhibits dopamine
and norepinephrine uptake and has abuse potential due to its
psychostimulant effects. The clinical effects from the insufflation
of bupropion have been described in literature and include seiz-
ures, tachycardia, agitation, and anxiety. Reports of bupropion
abuse have been increasing in the last two decades. However,
there is limited data available on the differences in clinical effects
and treatment of bupropion abuse via insufflation versus inges-
tion. The aim of the study was to compare the clinical effects

and healthcare outcomes in cases of insufflated bupropion with
cases of ingested bupropion with recreational intent.
Methods: The National Poison Data System (NPDS) was searched
for all cases of bupropion exposure with intent of recreational
use or abuse from 1 January 2013 to 31 December 2022. Cases
with single agent exposure were included. Cases in which bupro-
pion was insufflated were compared with cases in which bupro-
pion was ingested. The incidence of cases, patient age, clinical
effects, healthcare utilization, and medical outcome were
explored. Pearson’s chi-square calculations were used to compare
proportion of patients admitted to the hospital after insufflation
and ingestion as well as the major outcomes after each method
of abuse.
Results: A total of 892 cases of bupropion insufflation and 1,351
cases of bupropion ingestion with intent of recreational use or
abuse were reported to Poison Centers. The number of ingestion
cases increased from 2013 to 2020 with a drop in 2021. The
most common symptoms of bupropion insufflation reported
were tachycardia (18.3%), hypertension (9.1%), agitation (8.7%),
single seizure (6.4%), and tremor (4.8%). The most common
symptoms of bupropion ingestion were tachycardia (17.8%), agi-
tation (8.3%), hypertension (7.4%), single seizure (6.5%), tremor
(5.7%), and hallucination (4.9%). Of all cases with bupropion
insufflation, 45.1% involved non-psychiatric hospital admission
compared with 58.1% of cases involving ingestion (P< 0.00001).
Major effects, meaning effects that were life threatening or likely
to cause residual disability or disfigurement, were recorded in
10.0% of the ingestion group and 6.8% in the insufflation group
(P< 0.0001). Only one death was recorded in the patients who
ingested bupropion, and no deaths were recorded in the insuffla-
tion group.
Conclusions: The proportion of patients who developed seizures
and tachycardia were similar in the insufflation and ingestion
groups. Hospital admissions were higher for the ingestion group.
A higher percentage of patients in the insufflation group were
treated and released compared to ingestions. The data suggest
that patients who insufflate bupropion are as likely to experience
adverse effects as patients who ingest bupropion. Clinicians
should consider closer observation or admission of patients who
present to hospitals after bupropion insufflation, and Poison
Center staff should consider referral to healthcare facilities in
these patients. As bupropion insufflation is becoming more com-
mon, prescribers and patients should be aware of the risks of
bupropion misuse.
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88. A two-year observational review
of a state poison center providing
addiction medicine consult to rural
clinicians
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Eric Ketchamb, Margaret Greenwood-Ericksena,
Sergio Huertaa, Snehal Bhatta and Julie G. Salvadora
aUniversity of New Mexico; bPresbyterian Health System

Background: The overdose epidemic continues to worsen across
the nation with more than 106,000 deaths in 2021. Deaths are
largely being driven by fentanyl and stimulants. At the beginning
of 2023, federal legislation put an end to the “x-waiver” that was
required to prescribe buprenorphine for opioid use disorder
(OUD), meaning all prescribers, with a valid DEA license can pre-
scribe buprenorphine. Poison Centers (PC) sits at a strategic
crossroads to provide 24/7 365 service for medical advice across
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the nation for callers. Starting 1 January 2020, a state/academic
Poison Center in a rural western state, began providing addiction
treatment advice across our region. We describe the first two
years of our experience. Funding for this effort was provided by
the State Opioid Response Grant.
Methods: The PC staff of Certified Specialist in Poison
Information (cSPIs), is made up of pharmacists. To build capacity
to address addiction calls, staff completed the 8-hour x-waiver
course plus an additional 4–6 hours of education provided plus
regular updates. Additionally, four physicians board certified in
addiction medicine or addiction psychiatry serve as back-up.
Availability is 24/7, 365 days a year. Advertising the new service
has included flyers emailed and faxed to acute care and out-
patient settings statewide, posting on state-funded behavioral
health webpages, promotion at educational venues with pro-
viders and workforce and outreach programs involving the PC
medical director. We created a field in ToxicallV

R

, called “OUD
cases” that the cSPI must select to track cases. This field was
queried for all OUD cases/calls from 1 January 2020 through 5
May 2023. Calls were screened and abstracted for location, age,
sex, date of call, and reason for call. Descriptive statistics were
tabulated.
Results: Over nine quarters the PC received 168 OUD calls. 153
(91.1%) calls were from hospitals and 15 (8.9%) were home calls.
Hospitals represented a large geographic coverage across the
region with 60.6% of counties calling. The mean and median age
of patient is 38.3 and 36 years of age respectively with nine
cases of unknown age. Ninety-five (56.6%) were male and 72
(42.9) were female with one unknown. The reason for calls where
primarily related the management of patients with OUD who use
primarily fentanyl, and the transition from fentanyl use to bupre-
norphine treatment. Other reasons, for call included management
medications for opioid use disorder in pregnancy (MOUD),
MOUD perioperative, general information, one of the on-call
addiction attending was consulted in 73 (43.2%) cases.
Conclusions: Data from implementation of this initiative demon-
strates that PCs can provide support for addiction related calls
and build this service into current working operations. We expect
calls to increase as awareness and use of the services expands.
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89. Pediatric exposures to methadone
reported to poison centers following
the COVID-19-related loosening of
federal regulations
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aConnecticut Poison Control Center, UConn Health; bCato
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Background: Methadone is a highly effective treatment for opi-
oid use disorder. In the United States (US), its use is regulated at
both the federal and state level. The regulations related to
methadone were loosened in 2020 because of the 2019 Novel
Coronavirus public health emergency declaration. March 16, 2020
marks the date of loosening of methadone regulations, allowing
for more take-home doses to be dispensed to more patients.
These doses should have respected all federal and state dispens-
ing laws and been provided in child-resistant containers that met
the standard set forth by the Poison Prevention Packaging Act of
1970. This study aims to assess the effect of loosened regulations

on pediatric exposures to methadone reported to poison centers
in the US
Methods: Retrospective analysis of methadone exposures in chil-
dren younger than 6 years of age reported to the National
Poison Data System from 2010 to 2020 (10 years). A quasi-experi-
mental design was used to compare exposures one year pre-
and one year post-intervention. Intervention was 16 March 2020.
Inclusion: methadone exposures, children less than 6 years old.
Exclusion: no known outcome, confirmed non-exposures. US
population estimates of children was used as the offset.
Incidence density rates were compared using Poisson regression.
Two-sample t-test and Fisher’s exact test were used.
Results: A total of 2629 exposures to methadone in children
under 6 years of age were analyzed over the 10 year study
period (2010–2020). Rates of exposure to methadone for year
2020 decreased by 25.4% compared to the average spanning
2011–2019 (P ¼ 0.0003). When comparing the 303 exposures in
the pre- and post-periods, exposure rates increased 18.3%. This
increase was not statistically significant (P ¼ 0.15). There was no
statistically significant difference in distribution of age, gender,
hospitalizations, therapies, or medical outcomes, including deaths
pre- vs post-. One exposure was intentional.
Conclusions: Rates of exposure to methadone among children
decreased over the last 10 years. This mirrors decreases in
methadone mortality in the National Vital Statistics System and
in methadone non-fatal overdoses in the Centers for Disease
Control and Prevention (CDC) National Syndromic Surveillance
Program. An increase in rates of methadone exposures in chil-
dren under 6 years of age was observed when comparing the
one year pre- and one year post-period. This increase was not
statistically significant. These results were observed in the context
of increased dispensing of methadone from Opioid Treatment
Programs (OTPs). Many OTPs require home lock boxes (not usual
for other opioids). Combined with child-resistant containers, lock
boxes may have prevented or limited children’s access to metha-
done and help explain some of the results. The loosening of
methadone regulations was not associated with a statistically sig-
nificant increase in rates of methadone exposures in children
under 6 years old. As federal officials consider possible perman-
ent changes to the methadone regulations, it is important to
evaluate risks to children. OTPs should continue to educate
patients and use various means to try to protect children from
exposure.
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90. Differences in naloxone dosing by
gender in emergency department
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Research and Education at the Fredric Rieders Family Foundation

Background: Research suggests that opioid overdose and opioid
overdose deaths have increased rapidly among women in the
United States. Few studies have examined differences in over-
dose treatment for men and women in the emergency
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department. We hypothesized that there would be no difference
in the total amount of naloxone administered to men and
women with opioid overdose.
Methods: The Toxicology Investigators Consortium (ToxIC)
Fentalog Study is a multicenter, prospective cohort study
screened adult (> 18) patients with suspected opioid OD who
presented to one of ten participating EDs in the US between
September 2020 and December 2022. Waste serum from each
patient was analyzed via liquid chromatography quadrupole
time-of-flight mass spectroscopy to detect all current opioids,
fentanyl analogues, and adulterants. Patients without available
waste serum were excluded. Medical record data was abstracted,
de-identified, and entered into a REDCap database. The study
was approved by a central institutional review board with waiver
of informed consent. Chi-square analysis and t-tests were per-
formed using SAS.
Results: Out of 4,294 patients screened, 1,256 were enrolled and
755 had blood toxicology results at the time of the data extrac-
tion (12 April 2023). Two transgender patients were excluded
from the analysis (n ¼ 753). Median age in years was 39 for
males and 38 for females. Regional distribution (65.8 vs. 57.1%
Northeast/MidAtlantic region), and race (48.1 vs. 53.3% White)
were similar across males and females, respectively. Among those
with a suspected opioid overdose, the mean total naloxone dose
was 3.39mg for females and 2.62mg for males (P ¼ 0.012).
Among patients who were administered naloxone, the mean
total naloxone dose was 4.58mg for females and 3.66mg for
males (P ¼ 0.012). Among patients with at least one confirmed
opioid analyte detected (n ¼ 687), the mean total naloxone dose
was 3.51mg for females and 2.70mg for males (P ¼ 0.011).
Among patients who had at least one confirmed opioid analyte
detected and received naloxone, the mean total naloxone dose
was 4.72mg for females and 3.68mg for males (P ¼ 0.006).
Conclusions: Among ED patients with suspected opioid over-
dose and those with a confirmed opioid analyte, female patients
received nearly 1mg higher average total dose of naloxone com-
pared to male patients. Differences in naloxone dosing may be
attributed to differences in physiology, hormones, or substance
use patterns. Future studies should evaluate sex as a biological
variable for naloxone dose and response.
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91. Descriptive characteristics of
persons who use fentanyl within the
ToxIC Core Registry, 2014–2022
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Background: Illicitly manufactured fentanyl (IMF) has reshaped
the sphere of the United States’ (US) illicit drug supply (IDS).
Powdered IMF and counterfeit pills containing IMF (CP) seizures
increased 710.2% and 4,850.4% from Q1 in 2018 to Q4 in 2021,
respectively. Further, the proportion of CP seizures increased
from 13.8 to 29.2%. In 2021, 106,699 drug overdose (OD) deaths
occurred in the US with synthetic opioid-involved OD deaths
increasing 21.8% from 2020 to 2021, primarily driven by IMF.
From 2020 to 2021, OD death rates increased among those aged
�25 years with the largest increase occurring among ages 35–44
years. We examined consultations involving fentanyl in the
Toxicology Investigators Consortium (ToxIC) Core Registry, a case

registry of medical toxicology consultations, from January
2014–December 2022.
Methods: We limited the analytical sample to consultations
involving intentional exposure and acute opioid withdrawal as
the reported reasons for the medical toxicology encounter.
Patient demographics, suspected CP involvement (i.e., specific
mentions of pills or tablets, “Blues”, “M30s”, or “Street Xanax/
Percocet” within the record), and annual counts are described.
Descriptive analysis was performed in SAS 9.4.
Results: Overall, from 2014–2022, 1,225 consultations involving
fentanyl were identified: 66% intentional exposures (n ¼ 808)
and 34% acute opioid withdrawals (n ¼ 417). Proportionally, con-
sultations increased annually, nearly quadrupling from 2014
(2.6%) to 2020 (9.7%), more than doubling from 2020 to 2021
(22.2%), and increasing again in 2022 (38.6%). Within the analyt-
ical sample, 16.1% were suspected to involve CP: 6.4% of inten-
tional exposures and 34.8% of acute opioid withdrawals. Among
suspected CP involvement, 73.1% of exposures mentioned CP
terms (n ¼ 38) while 53.8% of withdrawals reported pills or tab-
lets (n ¼ 78). Among patients who used fentanyl, nearly one in
five exposures were aged 12–19 years (n ¼ 151, 19.0%) while
two in five were aged 20–34 years (n ¼ 318, 40.1%). Nearly one
in four withdrawals were aged 30–34 (n ¼ 98, 23.7%); more than
half were aged 20–34 years (n ¼ 215, 51.9%). Age ranges shifted
over time with the largest proportion of 2014 consultations com-
prising patients aged �50 years (n ¼ 19, 65.5%) to 30–34 years
(n ¼ 99, 21.0%) in 2022. Patients aged 30–34 years increased
from 6.9% of the sample in 2014 (n ¼ 2) to 21.0% in 2022 (n ¼

99). Patients aged 25-29 years first presented in 2016 (n ¼ 6,
15.4%) and remained steady through 2022 (n ¼ 78, 16.5%)
(range: n ¼ 11, 13.8% to n ¼ 25, 21.4%). Further, patients aged
12–19 years were first captured in 2015 (n ¼ 4, 13.8%) and
remained present through 2022 (n ¼ 36, 7.6%) (range: n ¼ 36,
7.6% to n ¼ 27, 23.1%). Over time the concentration of cases
shifted, with patients aged 20–39 years comprising 13.7% of
2014 consultations (n ¼ 4) compared to 60.6% in 2022 (n
¼ 286).
Conclusions: Among persons who use fentanyl within the ToxIC
Core Registry, 2014–2022, represented ages have shifted to
younger patients over time and followed similar trends among
reported OD in the US. Further, many consultations were sus-
pected to involve CP. Fentanyl test strips and naloxone are
invaluable tools in combating OD with the ever-increasing pres-
ence of fentanyl in the IDS.
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92. The power of partnerships to
amplify messaging through free
traditional media and social media

Mike McCormick
Florida Poison Information Center – Jacksonville/USVI

Background: Limited funding and tight budgets leave little
room for Poison Centers to purchase expensive TV, newspaper
and radio advertising. This has forced many centers to focus their
outside messaging on their own social media channels. Most
centers have a limited number of followers and limited audience
reach through their own accounts. While a fractured media land-
scape has diminished the impact of traditional media, traditional
channels still feed the largest audience (reach.) Viewers also
need to hear a message multiple times before they are likely to
act (frequency.) To amplify the reach of messaging and place
messages on enough channels to make an impactful frequency
for International Overdose Awareness Day (31 August 2022), we
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created a partnership to produce coordinated messaging for mul-
tiple traditional and social channels.
Methods: We created a partnership with multiple non-profits to
amplify messaging on this advocacy day. In addition to sharing
consistent messaging on our own social media channels, the
group convened a meeting with the #1 rated local television
news operation. With the power of three non-profits, we were
able to secure an agreement to help produce content about the
overdose crisis for all newscasts from 7 am to 11pm on August
31. The content ranged from prevention, to data, to treatment
options. The coalition provided story ideas, interview subjects,
data and content to the station. The key to creating the content
was providing personal stories in addition to the facts, figures
and experts we also supplied. The coalition provided experts to
staff a phone-bank to take calls during the early evening news.
By creating a “take-over” day, the television station felt com-
pelled to produce commercials promoting the day’s coverage
further amplifying our message. Additionally, the station took the
television content and created digital content for their website
and social media platforms.
Results: The coalition achieved an audience reach and frequency
previously not achievable through our own social media chan-
nels. The television coverage reached 121,070 of the roughly
700,000 households in the TV market. The TV station’s website
drew nearly 22,000-page views on the special overdose content.
Over two days (30th and 31st August), the coalition of non-prof-
its posted content 32 times on their individual channels
(Facebook, Instagram, Twitter, LinkedIn and TikTok) to a com-
bined reach of 27,108. The Poison Center added 23 tweets reach-
ing 1,602 people and added a Facebook post with a reach of
3,996 impressions. The combination of the television station and
the coalition’s efforts reached more than 500,000 of the roughly
2 million people who live in the television market. The messag-
ing ran in more than 10 newscasts, on two websites, on three
Facebook feeds, four twitter accounts, three Instagram accounts
and 1 TikTok account.
Conclusions: The power of the partnership created the leverage
to garner a major television partner. The reach and frequency
from the coverage was far greater than our individual social
channels. However, the combined efforts on our social channels
augmented the TV messaging and introduced our brands to like-
minded consumers.
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93. Incidence of kratom-related
poison control calls before and after
kratom legalization in Thailand:
current trends

Phantakan Tansuwannarata, Satariya Trakulsrichaib

and Winai Wananukulb
aFaculty of Medicine Ramathibodi Hospital, Chakri Naruebodindra
Medical Institute, Mahidol University; bDepartment of Medicine,
Faculty of Medicine Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand

Background: Kratom (Mitragyna speciosa), is an indigenous tree
in Southeast Asia. Currently, Kratom is popular and easily avail-
able worldwide, especially in Europe and the US via shops or
internet to use as a substance of abuse, opioid alternative, or
pain killer. In Thailand, Kratom was illegal until August 2021, kra-
tom is legalized to possess and use. The data of impact after
legalization is limited. Our objective was to describe and evaluate
the incidence of, clinical characteristics of, consequences of and

the trend of Kratom-related poison control calls before and after
legalization in Thailand.
Methods: We performed a retrospective cross-sectional study by
analyzing data from the Ramathibodi Poison Center for 36-month
periods as the first period (6 months after legalization during 24
August 2021 to 23 April 2022), the second period ((6 months
before legalization during 24 February 2021 to 23 August 2022),
and the third period (the same period (months) as the first period
that was in last year during 24 August 2020 to 23 April 2021).
Results: There were totally 173 calls or cases consulted to our
poison center which were 96, 38 and 39 cases in the 1st, 2nd
and 3rd periods, respectively. The mean age of all, cases in the
1st, 2nd and 3rd periods were 29.4, 29.7, 29.0 and 28.9 years old.
Most of all (84.4%) and cases in each period were male. Most
(about 60%) of all and cases in every period used or co-ingested
kratom with other substances. The common clinical manifesta-
tions included palpitation (35.8%), nausea/vomiting/abdominal
pain (22.5%), seizure (22.0%), agitation (18.5%), tremor (11.6%)
and dystonia (5.2%). Interestingly 2 cases developed status epi-
lepticus. The abnormal vital signs were tachycardia (43.4%) high
blood pressure (22.5%) and high body temperature (6.9%). No
patients presented with obvious respiratory depression or low
oxygen saturation. Forty-six cases (26.6%) were admitted. Two
cases (in the 1st period) were intubated due to depressed con-
sciousness. Death was not found. We compared the clinical char-
acteristics of cases among 3 periods. No significant differences
were found in age, sex, regions, co-ingestion and incidence of
clinical effects including seizure among these 3 periods.
However, cases in the 1st period were admitted (37.5%) more
statically significantly when compared to the previous 2 periods
(15.8%, 10.3%) (P< 0.001).
Conclusions: Kratom-related calls increased about 2 times after
legalization. The trends of consultation and hospitalization were
on the rise. This might be explained by the wide availability of
Kratom in the market. Most were young male and used with
other substances. Most cases in our study were the poly drug
users, so kratom might be used as substance of abuse. Seizure
was reported commonly in every period; however, its incidences
showed no differences. Our study supported that seizure was
one of the toxicities of kratom. Although the incidences of clin-
ical effects were not different among periods, but the admission
rate was higher after legalization. This needs further study to elu-
cidate this finding.
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94. Access to medications for opioid
use disorder for methamphetamine
and opioid co-users between
2015–2020: a national analysis

Christine Ramdin and Lewis Nelson
Rutgers New Jersey Medical School

Background: The increase in deaths due to opioid use have led
to policies that encourage access to medications for opioid use
disorder (MOUD) such as methadone, buprenorphine, and nal-
trexone. According to the CDC, there have been recent increases
in deaths related to co-use of opioids and stimulants, particularly
cocaine and methamphetamine. However, less is understood
about access to MOUD for those patients. Consequently, using
national data, we aimed to analyze access to MOUD for patients
that use both methamphetamine and opioids compared to all
opioid users.
Methods: We conducted a retrospective review using the
Treatment Episode Data Set (TEDS) between 2015 and 2020 of
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patients who were discharged after treatment for substance use
and had MOUD as a part of their treatment plan. Our primary
outcome was the proportion of such patients who initially
reported use of both opioids and methamphetamine compared
to those that reported use of any opioids. We assessed this
using the chi-squared difference of proportions test. We deter-
mined predictors of receiving MOUD for patients who were co-
users by conducting a binomial logistic regression. We also
used Pearson’s correlation (PC) or Spearman’s rho (SR) as applic-
able to determine if there was a trend in access to MOUD for
co-users within the study time frame. Descriptive statistics were
used to describe the data. All P-values were reported to the
0.05 significance level.
Results: Between 2015 and 2020, there were a total of 3,573,333
patients who reported use of opioids at the time of admission,
and a subgroup 549,712 patients who reported use of both
methamphetamine and opioids. Over the study period, of
patients who reported use of any opioid, 981,853 (27.5%) had
MOUD incorporated into their treatment plan, with an increase
over time (pc ¼ 0.99, P < 0.001). Of those who reported using
both opioids and methamphetamine, 17.9% (98,198) had MOUD
incorporated into their treatment plan (P < 0.0001, compared to
all opioid users), with an increase over time (pc ¼ 0.94, P ¼

0.002). In 2015, there were 8,264 (13.6% of patients who used
both methamphetamines and opioids) that were provided access
to MOUD, and in 2019 there were 21,987 (22.3%) patients (P <
0.001). Predictors of utilization of MOUD among co users
included marital status (P < 0.001), presence of co-occurring
mental and substance use disorders (P < 0.001), employment
status (P < 0.001), race (P < 0.0001), health insurance (P <
0.0001), and which region (P < 0.0001). Non-predictors included
gender, age at admission, previous substance treatment epi-
sodes, veteran status, and attendance at substance use self-help
groups within the past 30 days prior to admission.
Conclusions: Our study found that among patients who were
discharged after treatment for opioid use, there was a greater
use of MOUD as a part of their treatment plan for all opioid
users than forco-users with methamphetamine. However, there
were increases in provision of MOUD for both groups over time.
Future studies should aim to investigate reasons for lack of
access to MOUD for this subpopulation as well as to investigate
differences in risk factors and outcomes between the population
of co-users and others.
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95. Comparison of QTc duration
versus reported daily loperamide dose
in chronic loperamide cardiotoxicity

Tara Bodaa, Mary K. Suvaka, Amanda Korenoskib and
Josh Shulmanb
aPittsburgh Poison Center; bPittsburgh Poison Center, University of
Pittsburgh School of Pharmacy

Background: Loperamide is an over-the-counter mu-opioid
receptor agonist that can cause central mu-opioid stimulation
and cardiotoxicity., Interaction with inward potassium rectifier
(IKr) channel is thought to slow repolarization, manifested as QRS
and QTc abnormalities. In severe cases, this can predispose to
polymorphic ventricular tachycardia (torsade's de pointes), which
is treated with intravenous magnesium. Reports of loperamide
abuse with severe cardiotoxicity have continued to occur. One
question in management is the relationship between total

loperamide exposure and IKr channel interference in severe car-
diotoxicity. We hypothesize that maximum QTc length is directly
associated with estimated daily loperamide dose.
Methods: We retrospectively reviewed cases of chronic lopera-
mide toxicity cases managed by the by poison center staff at our
host institution between 1/1/2017 and 12/31/2022. We collected
demographic information, electrocardiograms (EKG) and labora-
tory data. All EKGs were visually assessed for QRS and QT inter-
val. QTc was evaluated via Bazzett’s method. Correlation
coefficients between self-reported loperamide daily dosage, mag-
nesium administration, and EKG results were calculated.
Results: We identified 7 patients with chronic loperamide abuse
with average age of 35.8 years (range 28–44 years) (71% male). The
mean self-reported loperamide exposure reported was 171.14mg
(36–400mg) per day. Mean QTc duration was 682.6ms (range
458–33ms). The correlation coefficient between self-reported daily
dose and QTc was 0.3532. All patients were treated with magne-
sium (mean 30.5 grams/patient). Patients had QRS widening rang-
ing from 110 to 216ms (mean 162ms). The correlation coefficient
between dose and QRS was 0.02557. Two of the patients were also
treated with sodium bicarbonate for their QRS widening. Average
length of stay was 5.77 days (0.68–11.41 days), by which point the
QTc had normalized at discharge in all patients.
Conclusions: Although cardiotoxicity was demonstrated in all
patients, we could not identify a specific precipitating daily dose
associated with QTc prolongation. Although we did not find
strong correlations between self-reported daily dose and QTc,
the 3 patients with the longest QTc had the longest hospital
stays and two had the highest amount of magnesium adminis-
tered. Healthcare professionals, as well as the public, should be
aware that loperamide can cause significant cardiotoxicity when
abused. Limitations of the study included a small number of
patients, accuracy of reported chronic dose, and unknown length
of time of abuse. Future directions include correlating loperamide
and n-desmethyl-loperamide levels with QTc duration.
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96. A rare presentation of opioid
induced sudden sensorineural
hearing loss

Galust Henrik, Jeremy Hardin, Nathan Friedman,
Justin Seltzer Seltzer and Richard Clark
UC San Diego Health, VA San Diego Health Care

Background: Opioid-induced ototoxicity is a rare complication
that may manifest as sudden sensorineural hearing loss (SSHL) in
both chronic and acute opioid use. We present the case of an
adolescent female with audiometry confirmed bilateral SSHL fol-
lowing opioid and benzodiazepine overdose.
Case report: A 16-year-old female was brought to the ED after
insufflating alprazolam and fentanyl. The patient was found by her
family with depressed mental status and respiratory depression.
EMS administered 4mg of naloxone without improvement. Police
performed colorimetry testing on blue powder found on the
patient, which confirmed the presence of opioids. In the ED she
received flumazenil 2mg IV without effect and was subsequently
intubated for airway protection. Non-contrast CT and MRI brain
were performed which were normal. Urine drug screen was posi-
tive for cannabinoids and benzodiazepines and negative for
opioids. The patient was extubated the next day and endorsed sig-
nificant hearing difficulty. Medical toxicology was consulted given
the concern for opioid-induced SSHL. Recommendations were
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made to obtain audiometry. Hearing thresholds were plotted to
display the quietest sound perceptible at least 50% of the time,
measured in decibels hearing level (dB HL). A normal audiogram
displays bone and air conduction lines with thresholds < 25dB HL
at each tested frequencies in both ears. The patient’s audiogram
demonstrated bilateral sensorineural hearing loss, as indicated by
the overlapping lines representing air conduction and bone condi-
tion. Severity of hearing loss was 90dB HL at 2000Hz, consistent
with severe impairment (normal range 10–25dB HL between 250
and 8000Hz). Following otolaryngology guidelines for all-cause
SSHL we recommended corticosteroids (prednisone 1mg/kg/day
for 14 days), avoidance of ototoxic agents (e.g. NSAIDS, salicylates,
aminoglycosides, etc.), and outpatient follow up with ENT. On six-
month follow-up the patient reported improved but persistent
bilateral hearing loss necessitating hearing aids.
Discussion: Much remains to be elucidated in regards to risk fac-
tors for development, etiological mechanisms, and prognosis of
opioid-induced SSHL. The pathophysiology has been purported to
be due to hypoxia, hypotension, or direct cochlear injury. Our
patient may have experienced hypoxia and/or hypoperfusion prior
to mechanical ventilation though advanced neuroimaging did not
show evidence of anoxic injury. Audiometry was consistent with
SSHL in a pattern similar to other rare case reports. The benefits of
high-dose steroids for this indication remain unclear given the pau-
city of evidence. Given the potential for benefit and absence of
contraindications empiric therapy seemed reasonable. Outcomes
are variable and permanent hearing loss has been previously
described. Although our patient endorsed hearing improvement
during her follow-up, she also now requires hearing aids.
Conclusions: Opioid-induced SSHL is a rare complication of opi-
oid use. Our case highlights the development of severe bilateral
SSHL in a 16-year-old patient following opioid and benzodiazep-
ine overdose with improved yet ultimately persistent hearing
impairment.
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97. Adulterants found in the San
Diego county fentanyl supply: a
laboratory analysis of law
enforcement samples

Galust Henrika, Justin Seltzera, Jeremy Hardina,
Nate Friedmana, Jeff B. S. Salamatb, Rick Clarka and
Jennifer Harmonb
aUC San Diego Health, VA San Diego Health Care; bSan Diego
County Sheriff's Department Regional Crime Laboratory

Background: Simultaneous with the “opioid epidemic,” there is a
second on-going public health crisis: the presence of adulterants
within drug supplies. The landscape of drug adulterants is com-
plex and rapidly evolving, often subject to various economic and
law-enforcement pressures experienced by illicit drug manufac-
turers. Here we report our efforts to characterize the adulterants
present within the local fentanyl supply of San Diego County,
obtained from undifferentiated drug samples seized by local law
enforcement over the calendar year 2021.
Methods: From 4 January 2021 to 30 December 2021, 53 law
enforcement agencies across San Diego County submitted over
312 kg of illicit substances to the San Diego County Sheriff’s
Department Regional Crime Laboratory for identification, consti-
tuting 4838 individual samples. Once samples were received the
general analysis flow began with illicit drug confirmation via less
specific, qualitative colorimetric testing and moving towards
higher discriminating qualitative testing via Fourier Transform

Infrared Spectrometry (FTIR) and finally Gas Chromatography
Mass Spectrometry (GCMS).
Results: Qualitative analysis of these fentanyl samples revealed
the presence of 52 unique adulterants and contaminants. Ten
compounds comprised more than 90% of all identified adulter-
ants and contaminants: 4-methylaminoantipyrine (4-MAAP)
(10.9%), mannitol (9%), acetaminophen (8.5%), methampheta-
mine (4.2%), diacetylmorphine (3.6%), tramadol (1.9%), and xyla-
zine (1.7%). Various fentanyl analogues were identified, namely
fluorofentanyl, acetylfentanyl, benzylfentanyl, and methyl acetyl
fentanyl. Several other commonly used opioids were detected
including dextromethorphan, morphine, 6-monoacetylmorphine,
oxycodone, codeine, and methadone. Finally, three novel syn-
thetic opioids were isolated: fluonitazene, protonitazene, and iso-
tonitazene. Other pharmaceutically active adulterants included
acetaminophen, methamphetamine, xylazine, lidocaine, cocaine,
alprazolam, procaine, caffeine, clonazolam, clonazepam, levami-
sole, phenobarbital, etizolam, benzeneethanamine, phenothrin,
delta 9-tetrahydrocannabinol, carisoprodol, bupivacaine, and
diazepam. The most common contaminants were fentanyl pre-
cursors. Among those precursors, 4-anilino-N-phenethylpiperidine
(4-ANPP) and phenethyl-4-anilino-N-phenethylpiperidine (phe-
nethyl 4-ANPP) were the most common of the nine total identi-
fied. Other contaminants included 1-hexadecanol, 1-hexadecene,
papaverine, mannitol, and sorbitol.
Conclusions: In this study, we enumerate several identified illicit
drug adulterants and review their relative potentials for path-
ology. Some additives can act synergistically with opioids,
increasing the likelihood of overdose and death, and can give
rise to idiosyncratic and deleterious health effects. However, the
extent to which these unique adulterants truly impact drug use
as well as associated morbidity and mortality remains uncertain
and an area of interest for further study. This study demonstrates
that within San Diego County, one of the nation’s epicenters for
opioid trafficking, adulterants are common, numerous, and
diverse. We feel this information is vital for both clinical public
health use and for harm reduction at the level of the individual
consumer. All would benefit from a better understanding of the
heterogenous and changing nature of the drug supply, and the
various clinical presentations and negative health impacts that
drug adulterants can have. Improved awareness of these adulter-
ants and the role they play within the domestic opioid supply is
essential to reducing harm over the long term.
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98. Cocaine-induced pulseless
ventricular tachycardia in an
11-month old male

Emily Austina and Alya Kamanib
aOntario Poison Centre; bDepartment of Critical Care Medicine,
Sunnybrook Health Sciences Centre

Background: Cardiac arrest after acute cocaine exposure is
thought to be associated with non-perfusing ventricular dys-
rhythmias or cardiac ischemia. We report on an 11-month-old
male with an oral and nasal exposure to cocaine resulting in car-
diac arrest secondary to ventricular tachycardia.
Case report: A previously healthy 11-month-old male weighing
12 kg was playing in a parent’s discarded clothes on the floor. He
suddenly became unresponsive. A white powder covered his
nose and perioral area. His parents brought him by car to the
emergency department 10minutes away. At triage, the patient
was unresponsive and cyanosed. He was brought to the resusci-
tation room, where he was found to be in pulseless ventricular

48 ABSTRACT



tachycardia. No temperature was recorded on presentation. CPR
was started and the patient was intubated. He received four
shocks (2, 4, 10 J/kg �2), IV epinephrine (0.1mg/kg �2 doses), IV
lorazepam (0.1mg/kg �1 dose). In discussion with a toxicologist
at a regional poison centre, hypertonic sodium bicarbonate
(NaHCO3, 1 mEq/kg) was administered. Return of spontaneous
circulation (ROSC) was achieved approximately one minute after
administration of NaHCO3 and the fifth defibrillation attempt.
Electrocardiogram (ECG) post-ROSC showed a supra-ventricular
tachycardia with persistent sodium-channel blockade and QTc
prolongation. Hypertonic NaHCO3 (1 mEq/kg) and lidocaine
(1mg/kg) were administered. Two minutes after the administra-
tion of lidocaine, he had a generalized tonic-clonic seizure which
was treated with lorazepam 0.1mg/kg and intralipid emulsion
(ILE) 1.5ml/kg. He was given phenobarbital (20mg/kg) and leve-
tiracetam (60mg/kg). He was transferred to a quaternary pediat-
ric centre with neuroprotective measures in place. There was no
further seizure activity or dysrhythmias. The child was extubated
on Day 3 post-exposure. An echocardiogram and brain MRI were
within normal limits for age. He was discharged home on day 5
neurologically intact. Serum toxicology testing from presentation
(LC-MS/MS) confirmed the presence of cocaine and benzoylecgo-
nine. The father reported having cocaine in his clothing pocket
where the child was playing.
Discussion: Cocaine has both direct and indirect cardiotoxic
affects through sodium channel blockade and a resultant increase
in circulating catecholamines, respectively. Management of
cocaine-associated wide-complex dysrhythmias includes benzodia-
zepines, hypertonic sodium bicarbonate, and possibly lidocaine.
The evidence regarding the use of lidocaine includes some animal
studies suggesting an increased incidence of seizures. In refrac-
tory settings, there may be a role for ILE. This patient presented
with pulseless ventricular tachycardia secondary to an acute
cocaine exposure. Administration of NaHCO3 (after epinephrine
and defibrillation) restored a perfusing rhythm. He received add-
itional NaHCO3 and then lidocaine, after which he seized. The eti-
ology of the seizure may have been secondary to cocaine
toxicity, but it is possible that lidocaine could have contributed.
Conclusions: This is a rare case of cardiac arrest secondary to a
cocaine-induced wide-complex tachycardia in a pediatric patient
that in addition to pediatric advance cardiac life support meas-
ures, was treated with lorazepam, sodium bicarbonate, lidocaine
and ILE.
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99. History of overdose and
psychiatric comorbidities among
medical toxicology consultations in
the ToxIC Core Registry, 2021–2022

Rachel Culbretha, Jeffrey Brentb, Paul Waxa,
Kim Aldya, Mari Costantinia, Shao Lia, Princess
Murchisona, Alison Meyna, Sharan Camplemana and
on behalf of the Toxicology Investigators
Consortium (ToxIC)
aAmerican College of Medical Toxicology, Phoenix, AZ, USA;
bUniversity of Colorado School of Medicine

Background: Non-fatal overdoses are one of the strongest pre-
dictors of subsequent overdose and represent an optimal preven-
tion point. Psychiatric comorbidities may complicate recovery for
individuals after an overdose. Our objective was to identify the
prevalence of prior overdose history among patients receiving a

medical toxicology consultation for intentional exposure and/or
opioid withdrawal, and to compare the prevalence of psychiatric
disorders, demographics, and substance exposures between
those with and those without prior overdose history.
Methods: The Toxicology Investigators Consortium (ToxIC) Core
Registry includes data from medical toxicology consultations on
poisonings, including drug overdoses. In 2021, history of overdose
and psychiatric comorbidities were added. This secondary analysis
includes cases from 2021 to 2022 involving intentional exposure
and/or acute opioid withdrawal as the reason for a medical toxi-
cology consultation. Additionally, only cases with known medical
history and history of prior overdose were included. Bivariate stat-
istical tests were utilized to determine differences in demographic
correlates, psychiatric disorders, and primary agent of exposure
between patients with a history of overdose and without a his-
tory of overdose (Chi-square and Fisher’s Exact tests for categor-
ical variables and Mann Whitney U tests for continuous variables).
All analyses were conducted in R v4.2.1.
Results: Among the 8,922 total cases which were classified as
intentional and/or opioid withdrawal, 1,900 patients had a history
of prior overdose, 4,063 patients had no history of prior overdose,
and 1,686 had an unknown history of prior overdose. Additionally,
1,273 cases did not have known medical histories. Therefore, all
unknown overdose/medical histories (n ¼ 2,959) cases were
excluded from this analysis. The total sample included 5,963
patients with 31.9% (n ¼ 1,900) having a prior history of overdose.
Those with prior overdose history were more likely to be older
compared to those without an overdose history (median age ¼25
vs. 19, respectively, P < 0.001). Moreover, the prevalence of trans-
gender individuals was substantially higher in the prior overdose
group compared to the no prior overdose group (3.4 vs. 1.9%, P ¼

0.002). Among those with a history of overdose, 77.0% were classi-
fied as having a diagnosed psychiatric disorder compared to 51.9%
of the no prior overdose history group (P < 0.001). The group with
a prior overdose history also had a higher prevalence of specific
psychiatric disorders, including anxiety, bipolar disorder, depression,
PTSD, and schizophrenia. The prior overdose group had a higher
prevalence of current exposures for alcohol (ethanol), sympathomi-
metics, and opioids. However, there was no difference in prior
overdose history regarding cardiovascular agents.
Conclusions: The majority of individuals presenting with prior
overdose history also had previously diagnosed psychiatric disor-
ders. Those with prior overdose history had a high prevalence of
presenting with alcohol, sympathomimetic, and opioid exposures.
Targeted approaches that are culturally and psychologically
appropriate for individuals with psychiatric disorders may miti-
gate future overdose risk. Additionally, proper linkages to care
for individuals with psychiatric disorders are critical after present-
ing with an overdose.
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100. ED dispensed naloxone improves
distribution compared to pharmacy
dispensed naloxone

Daniel Lasoffa, Adriann Deguzmanb, Ian Campbellb,
Justin Seltzera, Henrik Galusta, Jeremy Hardina,
Nate Friedmana and Rick Clarka
aUC San Diego Department of Emergency Medicine, Division of
Medical Toxicology; bUC San Diego Department of Pharmaceutical
Sciences

Background: In the ongoing opioid epidemic, fentanyl has
increased the danger of overdose and death and has quickly
become one of the leading causes of mortality nationally. The
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opioid antagonist naloxone exists as a possible preventative
measure against mortality. Distributing naloxone to at risk popu-
lations remains a challenge. Barriers such as cost and transporta-
tion to the pharmacy may decrease the ability to successfully
distribute naloxone. We sought to evaluate the quantity distrib-
uted and success of distributing naloxone to emergency depart-
ment (ED) patients by comparing providing patients with
naloxone in-hand at discharge versus discharging a patient with
a prescription for naloxone to fill at the in-hospital discharge
pharmacy.
Methods: From January 2020 to January 2021, patients were
offered naloxone from the ED Discharge Pharmacy at no-cost.
The number of ED Discharge prescriptions written to the hospital
discharge pharmacy and number of ED Discharge prescriptions
filled at the discharge pharmacy were recorded each month.
Starting in February of 2021 through February of 2022, naloxone
was handed directly to patients in the ED. The quantity of nalox-
one distributed was recorded each month.
Results: From January of 2020 to January of 2021, on average
28.8 prescriptions were written from the ED each month. Of
those 28.8 prescriptions written, an average of 11 prescriptions
were filled each month. The success rate of prescriptions filled
was 39.2%. Comparatively, an average of 53.4 prescriptions were
filled each month starting in February of 2021 through February
of 2022. Of note, naloxone supplies were exhausted in January
of 2022, which led to only 17 prescriptions being dispensed. No
naloxone was refused for in-hand distribution in the ED.
Conclusions: Distributing naloxone in-hand to patients directly
increased the quantity and success rate of naloxone distribution
compared to discharging patients with a prescription for nalox-
one. Requiring patients to fill a prescription may create a barrier
to naloxone distribution and pose an obstacle to preventing
morbidity and mortality from opioid use.
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101. Naloxone practices and overdose
history among patients presenting to
the emergency department with non-
fatal drug overdose

Francesco Pappalardoa, Maxwell Kriegerb,
Carolyn Parkb, Francesca Beaudoinb and
Rachel Wightmana
aAlpert Medical School of Brown University; bBrown University
School of Public Health

Background: As fentanyl has entered “non-opioid” drug supplies
(e.g., cocaine, methamphetamine) and caused overdoses in popu-
lations that do not intentionally use opioids, it is important to re-
evaluate and expand our understanding of which populations
are at high risk for fatal drug overdoses. The goal of this study is
to characterize substance use and overdose history including
details of naloxone access, possession, and administration in indi-
viduals presenting to the emergency department (ED) with non-
fatal overdose to better understand naloxone distribution needs
and inform future harm reduction efforts.
Methods: A consecutive sample of ED patients undergoing treat-
ment for non-fatal overdose were prospectively recruited for
study participation at time of the ED visit. Participants completed
REDCap surveys at the time of their ED visit, reporting history of
substance use over the last six months, recent and lifetime over-
dose, and naloxone receipt and administration history.
Results: A total of 76 eligible participants were enrolled over the
course of seven months. Participants reported high rates of

opioid (56%), stimulant (57%), and cannabis use (59%). Self-
reported polysubstance use, defined as self-reported use of more
than one substance, was 82%. Of enrolled participants, 67% had
overdosed at least once before their index overdose ED visit, and
39% reported three or more lifetime overdoses. 33 patients
(43%) had no self-reported opioid use in the last six months.
Participants with no self-reported opioid use (n ¼ 33) in the last
six months had fentanyl positive urine drug screen 82% of the
time (versus 88% in the overall study population). Participants
who did not report opioid use in the last 6 months were gener-
ally less likely to possess (36 vs. 55%) or to know how to acquire
(52 vs. 74%) naloxone compared to participants with reported
history of opioid use.
Conclusions: This study provides evidence for using data gath-
ered in the ED to inform upstream harm reduction training and
naloxone distribution initiatives.
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102. Neonatal and maternal
dermopathy in association with kava
use during pregnancy

Hannah Spungena, A. Min Kanga, Kartik Modya,
Becky Miceticb and Christine Wadeb
aUniversity of Arizona College of Medicine – Phoenix; bBanner –
University Medical Center Phoenix

Background: Kava is a fat-soluble resin from the root of the
Piper methysticum plant that has been used for medicinal and
ceremonial purposes in South Pacific cultures for centuries. It is
increasingly used as an alternative medicine in the United States
due to its anxiolytic and analgesic effects. Kavalactones are the
compounds that mediate these clinical effects with a variety of
proposed mechanisms, including GABAA agonism. A frequently
reported adverse effect of kava ingestion is an ichthyosiform
dermopathy. Though well-documented in adults, literature
regarding its use during pregnancy and fetal effects is lacking.
Case report: Case A 41-year-old female with a history of anxiety,
depression, and daily nicotine vaping began drinking a blend of
kava and kratom leaf extract daily. After some months of use, an
ichthyosiform skin rash developed on her bilateral lower extrem-
ities and shoulders, characterized by non-pruritic, non-erythema-
tous, dry, scaly skin. She continued to use this product until she
became pregnant, at which time she attempted to self-taper the
kava/kratom mix. At 32 weeks of gestation, she was prescribed
buprenorphine to help with kratom withdrawal but could not
tolerate more than 1mg sublingual daily due to somnolence.
She continued using the kava/kratom product at a reduced dose
for the duration of her pregnancy and delivered a healthy male
at 36 weeks without complication. After delivery, the patient
stopped using the product and her dermopathy resolved within
three weeks. The newborn was admitted to the Neonatal
Intensive Care Unit for Neonatal Opioid Withdrawal Syndrome
(NOWS) and treated with morphine and clonidine. He was noted
to have diffuse ichthyosis-like dry skin lesions on day of life
(DOL) 2. On DOL 4, he had a seizure and was started on pheno-
barbital, and was placed on mechanical ventilation for persistent
apnea. Blood cultures grew Group B Streptococcus and Serratia
marcescens, for which he received appropriate antibiotics.
Electroencephalogram and MRI did not reveal any obvious seiz-
ure etiology. During this time period, he was noted to have
excessively dry and peeling skin, inability to close his eyes or
mouth due to skin contractures, and eclabion. He was extubated
on DOL 6. His skin lesions were treated with topical emollients
and resolved by DOL 22. The infant was discharged from the
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hospital on DOL 25 and completed outpatient morphine wean-
ing without incident.
Discussion: This description of ichthyosiform dermopathy in a
mother and neonate associates in utero kava exposure to kava
dermopathy in the fetus and neonate. While several mechanisms
for this skin condition have been proposed, the cause is
unknown. Kava dermopathy is known to resolve after cessation
of use, consistent with the resolution of the skin lesions in both
the mother and infant within 3-4 weeks after cessation of expos-
ure.
Conclusions: Maternal kava use during pregnancy may cause
fetal dermopathy presenting as acquired ichthyosis. Additional
research is needed to elucidate the effects of fetal exposure and
abrupt cessation in a neonate. More public education is needed
about potential consequences of kava use, particularly during
pregnancy.
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103. Acute poisoning relates to novel
psychoactive substances: an Italian
case series

Mariapina Galloa, Andrea Giampretia, Raffaella
Buteraa, Maria Gioia Contessaa, Marco Cirronisa,
Georgios Eleftherioua, Lorella Faraonia, Ilaria
Giardinib, Antonella Vallib and Giuseppe Bacisa
aBergamo Poison Center, ASST Papa Giovanni XXIII Hospital;
bAnalitical Toxicology Laboratory IRCCS S. Matteo Hospital Pavia

Background: Novel psychoactive substances (NPS) are a wide
and heterogeneous group of substances associated with severe
toxicity and fatal intoxications. The word ‘novel’ does not neces-
sarily refer to newly created molecules but also to old drugs re-
discovered or known molecules used in an innovative or unusual
manner. NPS include synthetic cannabinoid receptor agonists
(SCRAs), cathinone derivatives, psychedelic phenethylamines, syn-
thetic opioids, tryptamine derivatives, phencyclidine-like dissocia-
tives, piperazines, designer benzodiazepines (DBZDs),
psychoactive plants/herbs. Their recreational use has been
increasing dramatically worldwide since 2000s. By the end of
2021, more than 880 NPS had been reported to the European
Monitoring Centre for Drugs and Drug Addiction (EMDCCA). The
increasing number of new compounds requires a rapid and con-
tinuous updating of the analytical methods in clinical laborato-
ries. The challenge is about the difficulties in detecting new
substances due to analytical limits. We report our experience of
acute NPS poisoning between April 2018 to April 2023. All ana-
lytically confirmed positive test cases for NPS were reviewed and
assessed to describe clinical aspects and their management.
Case series: Over the study period, 11 patients tested positive
for NPS. The age of intoxicated patients ranged from 17 to
58 years (mean 34.6) and ten were male. In 8 cases a cathinone
derivative was found (4 MDPHP, 1 N-ethylpentylone, 1 eutylone,
1 MDPHP and clephedrone, 1 alfa-PHP). All cathinone-positive
patients had agitation, visual hallucinations, confusion, delirium,
tachycardia and rhabdomyolysis. They were treated with benzo-
diazepines. Two patients tested positive also for cocaine. One
patient was positive for cumyl-pegaclone, a SCRAs. He had
severe neurological effects (drowsy, confused) with tonic-clonic
muscle contractions in upper limbs, and cardiological effects
(atrial fibrillation with rapid ventricular response) treated with IV
flecainide. A patient was referred to the emergency room for
ingestion of clonazolam, a DBZDs, bought on the Darknet. He
was sedated and received only supportive treatment with IV flu-
ids. No flumazenil was needed. The last patient, a prisoner,

arrived with visual and auditory hallucinations, agitation, tachy-
cardia, after crushing and smoking butylscopolamine. He was
treated with IV lorazepam. Among 11 patients, 3 had a previous
positive history for psychiatric disorder and 2 had a history of
cocaine, cannabis or MDPV use disorder. Five patients (45%)
were unaware of the substance used (4 cathinones and 1 SCRAs).
Most patients (82%) recovered without consequences and were
discharged within 48hours from ED admission. Two patients,
positive for N-ethylpentylone and eutylone required hospitaliza-
tion in a psychiatric ward for seven days.
Discussion: In our case series, neuropsychiatric and cardiovascu-
lar effects due to NPS were the most common presentation.
Management strategies are often limited to supportive and
symptomatic care. NPS may also exacerbate or trigger mental
disorders. Benzodiazepines should be of choice in case of agi-
tated patients after NPS use.
Conclusions: NPS are a large class of recreational substances
emerged as legal or cheaper alternative to illicit drugs. They are
a challenge for clinicians, unfamiliar with their acute poisoning
and for the difficulties about analytical identification in biological
fluids. Also, the users may be unaware about the substance.
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104. Sleep through the withdrawal as
additional buprenorphine takes
effect—ultrarapid detox with
buprenorphine? Nope, it’s droperidol
and buprenorphine

Swetaleena Dash, Demi Galindo, Rachel Gartland,
David Adler, Flavia Nobay and Timothy Wiegand
University of Rochester Medical Center

Background: Precipitated withdrawal can occur in opioid
dependent patients when either an antagonist (naloxone) or
high-affinity partial agonist (buprenorphine) is administered while
there is still substantial amount of full agonist present. Rates of
buprenorphine-precipitated withdrawal have increased with
increasing use of fentanyl as the pharmacology of fentanyl is
substantially different than other opioids. Fentanyl is highly lipid
soluble; prolonged use creates a depot in users, like using trans-
dermal fentanyl. Initiation of buprenorphine in this context using
standard doses often triggers precipitated withdrawal. While it is
generally recommended to add additional doses of buprenor-
phine, unless high doses of full agonists are used, treating pre-
cipitated withdrawal is challenging. Most clinicians also use
adjunctive agents to control symptoms and relax patients while
additional buprenorphine takes effect. Common adjunctive
agents include clonidine, benzodiazepines, and even ketamine.
We describe two patients with buprenorphine-precipitated with-
drawal treated with the antipsychotic droperidol. In both cases, a
single dose of droperidol caused rapid onset of relaxation and
sleep after which the patients’ withdrawal symptoms were largely
diminished.
Case series: Case #1: 58-year-old female presented with bupre-
norphine-precipitated withdrawal after taking one-half of an
8–2mg buprenorphine-naloxone film two hours after using intra-
nasal fentanyl. Her withdrawal symptoms included agitation, dia-
phoresis, tachycardia, tachypnea, abdominal pain, and myalgias.
Initial Clinical Opioid Withdrawal Scale (COWS) was 27. She
received buprenorphine-naloxone 8–2mg, clonidine 0.2mg, and
intravenous fluids without improvement. Despite two additional
doses of 2–0.5mg buprenorphine-naloxone films, clonidine
0.2mg, and 10mg oral diazepam over the next two hours, severe
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withdrawal symptoms persisted. At this point, 1.25mg intraven-
ous droperidol was administered with another 8–2mg buprenor-
phine-naloxone and 0.3mg clonidine. 48mg of buprenorphine
was given before discharge the next day with buprenorphine-
naloxone 8–2mg BID. While she received multiple buprenorphine
doses, clonidine and diazepam, the point when her symptoms
markedly started improving was after droperidol administration.
Case #2: 40-year-old male presented with buprenorphine-precipi-
tated withdrawal after taking 2–0.5mg buprenorphine-naloxone
11hours after using two bags of intravenous fentanyl.
Withdrawal symptoms included anxiety, myalgias, rhinorrhea,
restlessness, yawning, piloerection, nausea and vomiting. Initial
COWS was 16. He was given 5mg oral diazepam followed by
oral ondansetron without resolution of vomiting. His symptoms
improved rapidly after administration of 2.5mg intravenous
droperidol.
Discussion: Many experts focus on administering additional
buprenorphine and using adjunctive medications for buprenor-
phine-precipitated withdrawal. Droperidol, a butryrophenone, is
an antipsychotic useful for its antiemetic and sedative properties.
In the ED, it has been used to treat migraines, nausea/vomiting,
and agitation. The FDA issued a block box warning in 2001 for
QT prolongation and Torsades de Pointes. Recent evidence
describes low risk of arrhythmias in administered doses of 2.5mg
or less, renewing interest for ED patients. There are no prior case
reports describing droperidol for buprenorphine-precipitated
withdrawal.
Conclusions: Droperidol may be useful with additional buprenor-
phine for patients who present with buprenorphine-precipitated
withdrawal.
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105. “Strips”: a surge in cases of a
novel drug misused by prisoners

Liz Rivera Blancoa, David Kuaia, Emily Kiernanb,
Joseph Carpenterb and Alaina Steckb
aGeorgia Poison Center; bDepartment of Emergency Medicine,
Emory School of Medicine

Background: Novel drug misuse within incarcerated populations
is a growing public health concern. According to a report
released by the Bureau of Justice Statistics, a federal agency in
the US Department of Justice, drug and/or alcohol intoxication
deaths in state prisons rose over 600% from 2001 to 2018. One
such drug that has gained local attention in our area is “strips.”
“Strips” are pieces of paper that are soaked in liquid formulations
of various drugs, suspected to be opioids, synthetic cannabi-
noids, and household products such as pyrethroid-containing
pesticides. These drug-saturated pieces of paper are mixed into
normal pieces of paper such as reading materials and smuggled
into jail. Paper is then divided into small strips and smoked by
inmates. We have had a surge in bedside consults at our local
hospital from inmates after “strips” exposure.
Case series: During a two-month period, twelve patients pre-
sented to our emergency department (ED) from jail with symp-
toms including obtundation, seizure-like activity and respiratory
distress. All patients had onset of symptoms after smoking
“strips.” According to jail medical staff, patients are found in
their jail cells, unresponsive or with seizure-like activity; often
with emesis. Most patients are managed on site, are respon-
sive to IV fluids and naloxone administration, and are back to
baseline within 45minutes to 2 hours. Patients who experience
more severe toxicity or have prolonged toxicity are sent to
the ED. The clinical presentation upon arrival to the ED

includes hypotension, bradycardia, hypoglycemia, hypoxia, and
hypothermia. Of patients seen in the ED, 3/12 presented with
seizure-like activity. One patient was intubated for hypoxic
respiratory failure. He was extubated on hospital day 3. 6/12
patients were admitted, and 6 were discharged after an obser-
vation period in the ED.
Discussion: Similar previous misuse of substances containing
insecticides have been reported in Indiana and Kentucky; how-
ever, to our knowledge, “strips” use in prison settings has never
been described in the literature. “Strips” are suspected to contain
synthetic pyrethroids. Pyrethroids produce sympathetic activa-
tion, salivation, hyperexcitability, and seizures. Misuse of these
household products is uncommon and is reported to give the
user a methamphetamine-like high, likely from the sympathetic
activation that results from pyrethroid intoxication. Other drugs
contained in “strips” may include synthetic cannabinoids and
opioids.
Conclusions: Substance use among inmates is a common scen-
ario. “Strips” are an emerging public health threat within our
local jail population. Most patients exhibit a self-limited illness
with a mix of neurologic, respiratory, and gastrointestinal symp-
toms. Most are effectively managed with supportive care. In the
near future, we plan to characterize exact substances found in
“strips” with testing of the drug samples themselves as well as
blood testing of patients presenting to the ED.
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106. Designer benzodiazepines are
not your parents’ benzo’s and can kill

Darelle Hinsona, Robert Millera, Shawn Varneya,
Naushad Noora and Darien Hinsonb
aUT Health San Antonio South Texas Poison Center; bBaylor
College of Medicine

Background: Benzodiazepines (BZDs) are a family of psycho-
active compounds used clinically for their anxiolytic, hypnotic,
and anticonvulsant effects. In recent years, structurally modified
designer BZDs have emerged from clandestine labs. Bromazolam
is a triazolobenzodiazepine first synthesized in 1976, but never
brought to market; however, clandestine labs have synthesized
and marketed it online. In 1988, Congress passed the Anti-Drug
Abuse Act and established the Joint Federal Task Force to eradi-
cate clandestine laboratories. We describe a case of a patient
who purchased bromazolam online, and developed acidosis,
cerebral edema, and cardiac arrest.
Case report: A 27-year-old male with a history of BZD and opi-
oid use disorder was found down at home and was transported
by family to the emergency department (ED). On arrival the
patient was cyanotic and in cardiac arrest. Initial cardiopulmonary
resuscitation had been performed, followed by advanced cardiac
life support measures in the ED. The patient received “several
doses” of naloxone and flumazenil with no change. The urine
drug screen was positive for BZD. The patient was flown to a
hospital with a higher level of care. The patient was intubated,
but quickly developed acidosis and multiple neurological deficits
including cerebral edema. He was not a candidate for extracor-
poreal membrane oxygenation due to the suspected anoxic brain
injury. In the intensive care unit, the patient was treated with
intravenous fluids, sodium bicarbonate, norepinephrine, epineph-
rine, vasopressin, and dopamine. Pupils were fixed and dilated.
Vital signs showed blood pressure 97/85mmHg, pulse 129 beats
per minute, respirations 32 per minute, and temperature 97.6
degrees. Blood gas showed pH 7.06, CO2 34.8, oxygen 130, and
bicarbonate 10. The patient passed large amounts of bloody
stool. He died from cardiac arrest on hospital day 2,
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approximately 30 hours after presentation. Notably, the patient
had presented to the ED two days prior with a bromazolam over-
dose but had left against medical advice after flumazenil admin-
istration. The family produced a receipt showing the purchase of
bromazolam (2mg/mL; 30mL vial) with instructions to take a
“dropperful”; the product was acquired from novelscienceshop.-
com for $39.99 USD.
Discussion: Non-pharmaceutical benzodiazepines from clandes-
tine laboratories can have increased potency and unusual
pharmacokinetics that make their level of central nervous system
depression less predictable and present a challenge to staff who
primarily manage pharmaceutical benzodiazepine overdoses. This
clinical effect is potentiated when combined with other sedative/
hypnotic co-ingestions, which are common. Most people that use
these drugs for recreational use do not plan on dying from
them, but it happens regularly – over 110,000 times a year.
Several states have established clandestine drug laboratory eradi-
cation programs.
Conclusions: Increased funding for state programs to eradicate
clandestine laboratories is needed. Given the growing prevalence
of BZD use, clinicians need to understand the pharmacology and
toxicology of these compounds to develop effective treatment
strategies and prevent patient harm.
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107. Renal failure after ingestion of
lysergic acid diethylamide sold as
“magic mushroom” candy bar

Makena Owena, Jeffrey Bernsteinb, Derek
Waggonerc, Radek Abarcad and Roy Geronad
aJackson Health System/University of Miami; bFlorida Poison
Information Center/Miami, Jackson Health System/University of
Miami; cUniversity of Miami Miller School of Medicine; dUniversity
of California, San Francisco, CA, USA

Background: The use of psilocybin, “magic mushrooms,” and
other hallucinogens date back to ancient times. In recent years,
there has been growing interest in research and a push to
decriminalize the substances for mental health disorders and
chronic pain. One study found an almost three times increase in
hallucinogenic use in 2020 compared to 2019. With growing
popularity, it has become easier to obtain over the internet in
various forms such as mushroom caps, pills, gummies, and choc-
olates. Studies have analyzed adulterations or “cutting agents”
for other street drugs, however there is scant data published cov-
ering the harmful effects of “street magic mushrooms.” How well
do we know the ingredients and quantity in such substances
that are not FDA approved?
Case report: 28 y/o M, with a history of keratoconus, corneal
neuralgia, presented to the emergency department with five
days of nausea, vomiting, diarrhea, and blurry vision. After being
discharged for possible enterocolitis, he returned with similar
symptoms demonstrating worsening acute kidney injury,
thrombocytopenia, and eosinophilia. During this stay the patient
endorsed that just prior to his symptoms he took a large amount
of “magic mushroom” chocolate. He developed oliguria, was
admitted to the intensive care unit, and was started on dialysis.
He was worked up for possible microangiopathic hemolytic
anemia, vasculitis, and accidental nephrotoxic mushroom inges-
tion, treated with supportive care and corticosteroids. A sample
of the chocolate bar was submitted for targeted analysis and sus-
pect screening facilitated by liquid chromatography-quadrupole
time-of-flight mass spectrometry (LC-QTOF/MS). No psilocybin,
psilocin or other compounds typically associated with magic

mushrooms were found. Instead, lysergic acid diethylamide (LSD)
at 1.53 ug/g chocolate was confirmed. Renal biopsy was consist-
ent with acute tubulointerstitial nephritis. After nine days, he was
weaned off dialysis and ultimately discharged from the hospital
with minimal complications.
Discussion: Foraging for mushrooms requires experienced mush-
room hunters to correctly identify specific hallucinogenic species
rather than their toxic mimics. The medical team considered
adulteration with orellanine (Cortinarus sp.) and allenic norleucine
(Amanita smithiana) as an explanation for his renal failure.
Literature search demonstrates cases of young adults developing
interstitial nephritis after accidental Cortinarius orellanus toxicity
masked as “magic mushroom” ingestion. However, the pathology
report for our patient concluded that LSD was present and found
no compounds consistent with mushroom poisoning. LSD has
been correlated with rhabdomyolysis and consequently renal
injury, and while this is a possibility for our patient, his labs and
renal biopsy are not consistent with the diagnosis.
Conclusions: This case brings to light the variety of non-FDA
approved substances being sold over the internet. Furthermore,
with the relative ease and decreased cost of synthetic hallucino-
gens such as LSD compared to the cost of consistently producing
psilocybin, the products are ripe for mislabeling in the future. It
is paramount for care providers to keep an open differential
when considering the different possible toxicities and exposures
when evaluating a patient who ingested one of these products.
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108. Diffuse pulmonary hemorrhage
in an adolescent: rethinking the
differential diagnosis during an opioid
overdose epidemic

Danae Massengill and Sivabalaji Kaliamurthy
Children's National Hospital, Washington, DC, USA

Background: Adolescent overdose rates have risen in the past 3
years with the CDC reporting that median monthly overdose
deaths among persons aged 10–19 years increased 109%. This
has been attributed to illicitly manufactured fentanyls. This health
crisis highlights the need for interventions to better care for our
youth as well as the recognition of common and uncommon
presentations of opioid overdoses. We present the first case to
our knowledge of an inhaled illicit m-30 pill leading to diffuse
pulmonary hemorrhage in an adolescent.
Case report: A 17-year-old male with depression, multiple sui-
cide attempts, and substance use disorder presented to the
emergency department (ED) after being found unresponsive. He
received naloxone en route with clinical improvement. On arrival
to the ED, he reported that he smoked what he believed was
“Percocet” after crushing the pill, heating it on aluminum foil
and inhaling the fumes. During observation, he developed
altered mental status refractory to naloxone and was intubated
for airway protection. Bleeding was noted from his nares and
oropharynx concerning for massive pulmonary hemorrhage. He
was taken for imaging with computed tomography (CT) angio-
gram of the head/neck and CT chest with findings consistent
with diffuse pulmonary hemorrhage. His complete blood count,
serum chemistries and coagulation studies were normal. He had
elevations in his creatinine kinase to 331 units/L, troponin to
1,597 ng/L, and lactate to 2.36mmol/L. Additionally, he was inci-
dentally positive for coronavirus (COVID-19). Initial toxicology
screening labs were negative, with ethanol < 3mg/dL, acet-
aminophen 2ug/mL, salicylate 3mg/dL, and an undetectable
toxic alcohols panel. His in-house urine drug screen was positive
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for benzodiazepines (post-intubation) and negative for opiates.
However, fentanyl is not included on this screen and a separate
fentanyl urine drug screen was not obtained at this time. On
hospital day three, his comprehensive urine drug screen resulted
positive for norfentanyl and fentanyl as well as acetaminophen,
norketamine, ketamine, midazolam, and fluoxetine. By hospital
day four, he was weaned off vasoactive support and extubated
to room air. He was then transferred to the acute care floor to
complete a sedation wean and further care coordination.
Discussion: Diffuse pulmonary hemorrhage is a rare complication
of opiates. Inhaling illicit pills containing fentanyl by “smoking”
them is the most common form by which adolescents are abus-
ing these pills. In pediatrics, the differential diagnosis for pulmon-
ary hemorrhage typically includes autoimmune conditions,
infectious diseases, or trauma. However, substance use is an
atypical presentation, and it is prudent to recognize this previ-
ously uncommon connection. Furthermore, it is important that
we do not rely solely on urine drug screening to identify and
detect substance use in our patients.
Conclusions: This case highlights the relationship between dif-
fuse pulmonary hemorrhage and substance use. Education on
the trends and dangers of adulterated substances should be part
of our efforts in combating the increasingly fatal opioid overdose
epidemic. This case also emphasizes the importance of monitor-
ing following an opioid overdose.

KEYWORDS Pulmonary hemorrhage; opioids; adolescent

danae.massengill@gmail.com

109. Not the usual rub – a case report
of severe toxicity from isopropanol
ingestion

Samantha S. Kleina, Emily T. Cohena and Mark K. Sub
aDivision of Medical Toxicology, Department of Emergency
Medicine, NYU; bDepartment of Health and Mental Hygiene, New
York City Poison Control Center, New York, NY, USA

Background: Isopropanol, or isopropyl alcohol, is a frequently
reported ingestion given its ubiquity and accessibility. Most cases
involving isopropyl alcohol ingestion are mild, and patients typic-
ally do well with supportive care alone. We present a case in
which a patient manifested severe toxicity after confirmed iso-
propanol ingestion, ultimately requiring intubation, vasopressor
support and hemodialysis.
Case report: A 50-year-old male with a history of alcohol use
disorder presented to the Emergency Department (ED) after
being found unresponsive by his family. He reportedly ingested
a 1- liter bottle of isopropanol around 20 hours prior to arrival.
The patient was hypoxic and intubated immediately upon hos-
pital presentation. His initial vital signs were: BP, 89/43mmHg;
HR, 110 beats/minute; RR, 12 breaths/minute; T,
97.7�Fahrenheit; O2 Sat, 100% (FiO2 100%). His laboratory stud-
ies were significant for pH, 6.97; PCO2, 53mmHg; HCO3,
12mmol/L; lactate, 10mmol/L; creatinine, 2.8mg/dL; initial
anion gap, 20 mEq/L; osmolar gap, 101 mOsm/kg; ethanol was
undetectable; urine was negative for ketones. Given the
patient’s severe acidemia, apparent kidney injury, and oliguria,
hemodialysis was attempted, however the patient became
hemodynamically unstable and was placed on continuous
veno-venous hemofiltration (CVVH). The patient ultimately
required vasopressor support with IV norepinephrine, vasopres-
sin, and phenylephrine. Over the next several days, the patient
was weaned off the vasopressors. He was extubated on hos-
pital day five and returned to his normal baseline mental sta-
tus. Laboratory studies drawn on arrival revealed a serum

isopropanol concentration of 189mg/L and acetone 193mg/dL;
with negative ethylene glycol and methanol concentrations.
Discussion: Isopropanol is commercially sold as rubbing alcohol
and is a frequently reported ingestion. It is rapidly absorbed in
the gastrointestinal (GI) tract and is metabolized by alcohol
dehydrogenase to acetone. Both parent compound and acetone
are thought to contribute to toxicity. Clinically, isopropanol poi-
soning predominantly presents with central nervous system
(CNS) and respiratory depression, though local irritation of muco-
sal surfaces can lead to GI disturbances. Laboratory studies will
classically show ketosis without acidosis. The nitroprusside reac-
tion that tests for urine ketones is most sensitive for acetoacetate
and less so for acetone, which is likely why the patient’s urine
was negative for ketones. Most patients with isopropanol poison-
ing do not require any treatment beyond supportive care. Mild
acidosis resulting from isopropanol poisoning has been sug-
gested to occur due to severe hypotension or respiratory depres-
sion. However, patients with significant ingestions can exhibit
respiratory and circulatory collapse and metabolic derangements
including severe metabolic acidosis and renal failure. The reason
for this variability in severity of presentation is unclear. Though
this patient’s measured isopropanol concentration was relatively
low, his elevated acetone concentration suggests that he metab-
olized a significant amount prior to presentation. Thus, his
delayed presentation and metabolic derangements may have
also contributed to the severity of his illness.
Conclusions: Some patients with isopropanol poisoning can pre-
sent with severe morbidity, though the reason behind why this
variability occurs is unclear and further investigation is
warranted.
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110. A case of the inpatient hospital
stay blues

Frank Quattrone, Sheila Goertemoeller and Shan Yin
Cincinnati Children's Hospital Medical Center Drug and Poison
Information Center

Background: JungleV
R

Juice Platinum is a volatile solvent mar-
keted as a cleaner but its recreational misuse as an inhalant
“popper” is common. It contains isobutyl nitrite 90% a vasodila-
tor used to enhance sexual performance by relaxing the involun-
tary muscles of the anus, throat, and vagina. While low doses
can produce mild euphoria and arousal, overdose can cause
headache, flushing, hypotension, reflex tachycardia and
methemoglobinemia.
Case report: A 30-year-old female with a history of alcoholism,
cirrhosis, and psychiatric comorbidities, was admitted to the hos-
pital for hematemesis related to drinking and started on an alco-
hol withdrawal protocol. Four days into her hospital stay she
suddenly became hypotensive with a blood pressure of 50/40,
and her oxygen saturation dropped to 91% despite being on 10
liters of oxygen. Her blood was noted to be very dark when an
intravenous tube was placed for fluid administration. She admit-
ted to inhaling 3 puffs of JungleV

R

Juice Platinum to ease her anx-
iety and speed up her alcohol withdrawal treatment. Her
methemoglobin level resulted as an unmeasurable value > 20%.
The treating team was concerned for additive serotonergic effects
with methylene blue because her medications included escitalo-
pram, trazodone and buspirone. She was given 1 dose of 1mg/
kg methylene blue, which dropped her methemoglobin level to
18.7% in a few minutes. A repeat methemoglobin level measured
a few hours later was back in the normal physiologic range of
1%. She recovered from the nitrite exposure within 12hours.
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Discussion: Nitrites are commonly used recreationally, but in this
case, the patient used it therapeutically to relax and aid her alco-
hol withdrawal. Nitrites can act as a pool of nitric oxide, which
acts as a messenger in the central nervous system and may
mediate the effects of alcohol. The first-line treatment for meth-
emoglobinemia is methylene blue, but it can exacerbate sero-
tonin syndrome due to monoamine oxidase A inhibition,
especially in patients taking other serotonergic agents. Ascorbic
acid is a less effective alternative.
Conclusions: Nitrite misuse can occur even in the inpatient
population. Early recognition and prompt treatment with methy-
lene blue can help manage morbidity.
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111. 3, 2, 1: Novel use of clonidine
patch to treat tizanidine withdrawal

Aaron Deutsch, Curtis Flaherty, Natalie Ebeling-
Koning, Gillian Beauchamp and Kenneth Katz
Lehigh Valley Health Network/USF Morsani College of Medicine

Background: Tizanidine is commonly prescribed for muscle
spasticity and pain. Yet, withdrawal is rarely reported.
Tizanidine stimulates presynaptic a-2 adrenergic and imidazo-
line receptors decreasing norepinephrine release. Abrupt cessa-
tion can cause withdrawal. Clinical manifestations include
tachycardia, hypertension, tremor, spasm and anxiety. Current
treatment strategies include tapering oral tizanidine or substi-
tuting oral clonidine.
Case report: A 53-year-old man with a history of hypertension,
diabetes, coronary artery disease, and chronic back pain pre-
sented with altered mental status, agitation, hypertensive emer-
gency (BP 250/145mmHg) and tachycardia. Diagnostic testing
revealed kidney injury and a non-ST elevation myocardial infarc-
tion. The patient had been prescribed tizanidine for chronic back
pain for 2 years and had recently run out with suspicion of mis-
use. Tizanidine withdrawal was diagnosed, and he improved with
clonidine 0.1mg PO TID weaned over 5 days while hospitalized.
Tizanidine was discontinued. One month later the patient was
admitted for persistent hypertension, tachycardia, diaphoresis,
and anxiety. a-2 agonist withdrawal was again diagnosed. He
had been taking 30mg tizanidine daily, obtained online.
Substance use counseling was recommended, and a 0.3mg cloni-
dine patch was administered to improve compliance and provide
gradual withdrawal treatment. The patch dose was decreased
weekly (0.2mg/day week 2, 0.1mg/day week 3). All tizanidine
was discontinued. After inpatient patch initiation, the adrenergic
signs and symptoms improved. The patient had normal vitals at
a follow-up appointment 3 days after discharge.
Discussion: Clonidine acts similarly to tizanidine and is available
in both oral and transdermal formulations. Use of transdermal
clonidine specifically may improve treatment compliance.
Therapeutic transdermal clonidine concentrations are reached
within 2–3 days after initiation. Utilizing a clonidine patch taper
may offer a reasonable approach in patients with tizanidine with-
drawal. Furthermore, a-2 agonist withdrawal must remain in the
differential of patients exhibiting otherwise unexplained adrener-
gic signs and symptoms. Utilizing alternatives to opioid medica-
tions for pain management is critical in the ongoing opioid
epidemic. However, these alternatives may also produce adverse
effects, toxicity, and even withdrawal if not properly managed.
Therefore, recognizing drug-induced toxidromes and withdrawal
states remains critical.

Conclusions: We present a novel and effective treatment for
tizanidine withdrawal involving a transdermal clonidine taper.
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112. Marchiafava-Bignami disease as a
rare cause of toxic
leukoencephalopathy in a 27-year-old
patient

David Kuaia, Ethan Lengb and Emily Kiernanc
aGeorgia Poison Center; bDepartment of Radiology, Emory
University School of Medicine; cDepartment of Emergency
Medicine, Emory University School of Medicine

Background: Marchiafava-Bignami disease (MBD) is a rare dis-
order characterized by demyelination and necrosis of the corpus
callosum. The etiology is unclear but is attributed to direct alco-
hol-induced toxicity as well as B-complex vitamins deficiencies.
Clinical features are variable and nonspecific, and can include
dementia, altered mental status, spasticity, dysarthria, ataxia, gait
abnormalities, and seizures. We report a case of the second
youngest patient in the literature who developed MBD due to
alcohol use disorder and gastric bypass with medication non-
compliance, who was found to have an undetectable serum thia-
mine level.
Case report: A 27-year-old female with a history of alcohol use
disorder and Roux-en-Y in 2018 presented to the emergency
department complaining of stroke-like symptoms. She had chest
pain, right facial droop, right arm weakness, and difficulty speak-
ing just prior to presentation, but her deficits had resolved by
the time she was evaluated in the ED. Her CTA head/neck were
normal. Neurology was consulted and recommended further
stroke workup including MRI and the patient was admitted. The
patient's MRI showed abnormal T2 hyperintensity and diffusion
restriction involving the splenium of the corpus callosum and
bilateral frontoparietal lobes, consistent with toxic leukoencephal-
opathy. The patient had a similar episode of chest pain, right-
sided weakness, and facial droop following her MRI. Medical toxi-
cology was consulted for her abnormal MRI. During the patient
interview, the patient reported daily alcohol use as well as non-
compliance with her vitamin supplementation that was recom-
mended after her Roux-en-Y surgery. Serum thiamine, folate, and
B12 levels were recommended and sent. The patient was found
to have normal serum folate and B12 levels; however, her serum
thiamine level was undetectable. She had no other TIA-like symp-
toms during the rest of her hospital stay, and she was discharged
to a rehabilitation facility with prescriptions for vitamin supple-
mentation, repeat MRI, and neurology follow-up.
Discussion: MBD is most reported in patients with alcohol use
disorder that puts them at risk for vitamin deficiencies, with a
mean age of onset of 45. There are published cases of MBD as
of 2001 according to one study, and only a handful of cases
reported to the literature of patients in their 20s with suspected
MBD based on radiographic findings. To our knowledge, this
patient is the youngest patient reported in the literature to have
MBD with a confirmed undetectable serum thiamine level.
Diagnosis is difficult and because of the paucity of cases
reported in the literature, there are no standard management
guidelines. Most case reports show favorable response to treat-
ment modalities used in Wernicke-Korsakoff syndrome.
Conclusions: Though typically a disease in older patients, young
patients with significant risk factors can develop MBD. A high
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index of suspicion, thorough medical and surgical history, and
serum thiamine concentration can assist in diagnosis of MBD.
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113. Nicotine toxicity from repeat use
of nicotine pouches

Jessica Kenta, Garrick Mokb and Emily Austinc
aDepartment of Emergency Medicine, University of Toronto;
bDepartment of Emergency Medicine, St. Michael's Hospital;
cOntario Poison Centre

Background: Nicotine is an alkaloid derived from tobacco
leaves and is the primary addictive ingredient in tobacco prod-
ucts. Tobacco products are typically consumed by smoking
cigarettes which do not deliver high concentrations of nico-
tine, thus limiting acute toxicity in adults. Modern products,
like e-cigarettes, contain concentrated liquid nicotine and are
implicated in an increasing number of toxic exposures.
Nicotine pouches have emerged as another novel way to
administer concentrated nicotine and come as a white powder
in flavoured, microfiber pouches placed between the cheek
and gums to dissolve. This is the first case of acute nicotine
toxicity through nicotine pouch use that we identified in the
literature.
Case report: A 21-year-old male presented to the ED by ambu-
lance with altered mental status after he was noted by his
brother to be acting bizarrely. He was a non-smoker. His brother
reported that the patient had used 15 extra strength nicotine
pouches (10.9mg/pouch) over the course of a 12-hour period as
a study tool to prepare for next day exams. He also used 1 t
(20mg) of amphetamine/dextroamphetamine 24hours prior to
presentation. He initially presented somnolent and diaphoretic,
producing non-sensical answers to questioning. His blood pres-
sure was 184/99, heart rate 99, respiration rate 17, oxygen satur-
ation 98% and temperature 36.3 �C. His pupils were mydriatic
(7mm) and reactive. He was tremulous, however there was no
focal weakness, muscle fasciculations, or clonus.
Electrocardiogram and a non-contrast computed tomography
scan of the head were unremarkable. His bloodwork demon-
strated an elevated creatinine (118 umol/L), for which he was
treated with intravenous fluids (IVF) but was otherwise unremark-
able. He was admitted for monitoring and supportive care, and
over the next 12 hours continued to be confused, mildly agitated
and hypertensive requiring IVF. 24 hours post-presentation he
had returned to his baseline and was discharged home.
Qualitative serum testing by LC-MS/MS detected amphetamine,
nicotine, and cotinine (nicotine metabolite), negative for all other
substances.
Discussion: Our patient was exposed to 163.5mg of nicotine
over a 12-hour period, which led to altered mental status and
hypertension. While he did endorse taking 1 t of amphetamine/
dextroamphetamine (confirmed in serum) it did not drive his
presentation, given the prominent feature of confusion and
inability to communicate with a lack of hyperthermia and tachy-
cardia. With the declining sales of nicotine cigarettes, tobacco
companies have marketed several novel nicotine delivery meth-
ods to increase uptake among a modern audience. Nicotine
pouches are promoted among social media forums as study aids
and safe alternatives to smoking. The packages lack clear warn-
ing labels, and upon discharge, our patient admitted he had not
realized could be harmful, reinforcing the serious risk for inad-
vertent overdose.
Conclusions: Nicotine pouches are emerging as a novel way to
use nicotine and due to their aggressive marketing and lack of
warning labels, present a serious risk for inadvertent overdose

and harm, especially among young adults. Healthcare professio-
nals should be aware of this risk and ensure the public is cau-
tioned appropriately.
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114. Double jeopardy: sequential
seizures following serial naloxone
administrations in a tramadol
overdose

Hannah St. Francisa, Brian G. Wienera, Silas W.
Smitha, Robert S. Hoffmana and Mark K. Sub
aDepartment of Emergency Medicine, Division of Medical
Toxicology, NYU Grossman School of Medicine, New York, NY,
USA; bDepartment of Health and Mental Hygiene, New York City
Poison Control Center, New York, NY, USA

Background: Tramadol is a synthetic opioid analgesic, which
acts as a mu opioid receptor agonist and inhibits serotonin and
norepinephrine reuptake. Tramadol has incompletely understood
proconvulsant properties, but serotonergic activation, gamma-
aminobutyric acid inhibition, and glutaminergic activation are
likely contributory. Naloxone reverses respiratory depression
caused by tramadol overdose; however, the use of naloxone in
patients with tramadol overdose is controversial because of its
possible role in potentiating or precipitating seizures.
Case report: An 18-year-old man without significant past med-
ical history was found by his mother unresponsive and cyanotic
near a bottle of tramadol 50mg extended-release pills, of which
approximately 50 were missing. At the time of emergency med-
ical services’ arrival, the patient had agonal respirations, miotic
pupils, and did not respond to sternal rub. First responders venti-
lated the patient with a bag valve mask (BVM) and then adminis-
tered 2mg of intravenous (IV) naloxone. The patient immediately
experienced a generalized tonic clonic seizure, which abated
after administration of 2mg IV lorazepam. Minutes later, he
became apneic again and was given another 2mg IV naloxone.
He then experienced a second seizure, which terminated after he
received 4mg IV lorazepam. Upon arrival to the emergency
department (ED), the patient was unresponsive with miotic pupils
and intermittently apneic. His initial vital signs were: BP, 98/
42mm Hg; HR, 102 beats/min; RR, 20 breaths/minute; T,
98.1�Fahrenheit; O2 Sat, 78–82% (on 15L/min O2 via non-
rebreather). He became combative when providers initiated BVM
ventilation and required sedation with lorazepam and ketamine
to facilitate pre-oxygenation prior to endotracheal intubation for
airway protection. Laboratory studies drawn on arrival demon-
strated a serum tramadol concentration of 2,000ng/mL and O-
desmethyl-tramadol (M1 metabolite) concentration of 300ng/mL.
He was admitted to the pediatric intensive care unit and had no
further seizure activity throughout his hospital course. He was
extubated on hospital day 2 and ultimately discharged home on
hospital day 7 at his baseline mental status.
Discussion: Seizures occur in an estimated 15–35% of tramadol
overdoses. The literature is divided on whether naloxone modi-
fies the risk of seizure in patients with tramadol overdose. One
randomized controlled trial demonstrated naloxone increases
seizure risk, while several observational studies found no
increased risk. We report a patient with an acute tramadol over-
dose who experienced two seizures, each of which occurred
immediately following administration of naloxone. Following a
single 100mg oral dose of tramadol, expected peak plasma con-
centrations of tramadol and O-desmethyl-tramadol are 230–300
and 35–75ng/mL, respectively. This patient’s ingestion was
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confirmed with significantly supratherapeutic tramadol and O-
desmethyl-tramadol concentrations. While our case represents a
single patient, the distinct temporal relationship between each of
the patient’s seizures and naloxone administration is no.
Conclusions: When administering naloxone to patients with tra-
madol overdose, providers should be aware of the possibility of
precipitating seizures and be prepared to treat with benzodiaze-
pines. Further research into the pharmacodynamic relationship
between naloxone and tramadol is needed to elucidate whether
naloxone increases seizure risk in tramadol overdose.

KEYWORDS Tramadol seizures; naloxone induced seizure tramadol overdose;
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115. Heptatotoxicity associated with
chronic tianeptine exposure

Michael Hayoun, Caleb King and Bradley Bright
HCA – Tristar Skyline

Background: We report on a case of a 37-year-old male who
developed acute hepatitis and delirium after taking an over-the-
counter “natural supplement” primarily containing tianeptine and
phenibut for anxiety and opioid use disorder.
Case report: He reports a history of opioid use disorder for
which he had also been occasionally indulging in kratom but
had most recently and consistently been taking 15 capsules of
“SPAR Gold” daily for 5 months. Prior to his admission, he had
been seen in surrounding emergency departments for bizarre
behavior, diffuse shock like paresthesia, chest pressure, short-
ness of breath as well as right upper quadrant pain. On the
penultimate visit to the emergency department, he had started
developing elevations in his liver enzymes (ALT:546, AST:283)
which prompted imaging including CT and ultrasound of the
right upper quadrant. He was then discharged with outpatient
GI follow-up. The next day he presented to a different emer-
gency department with continued chest pain, shortness of
breath as well as paranoid delusions. On this visit, he was
found to have an ALT of 6931 and AST of 4911 at which point
toxicology was consulted and N-Acetyl Cysteine (NAC) was
started empirically. On bedside evaluation and after laboratory
and literature review it was concluded that his paranoid delu-
sions and agitation were likely related to phenibut withdrawal
and his liver enzyme elevations were thought to be related to
chronic tianeptine abuse. He was continued on NAC and pro-
vided further supportive care with improvement in his liver
enzymes and mental status. Ultimately, he refused further drug
counseling, and rehabilitation and left against medical advice
three days later.
Discussion: Tianeptine is a tricyclic antidepressant not approved
for use in the United States and is currently banned in Michigan,
Minnesota, Alabama, Tennessee, Alabama, Indiana, Mississippi,
and most recently Kentucky. It works as an atypical mu-opioid
receptor agonist without significant kappa or lamba opioid
effects. It is also thought to modulate glutamate receptors which
may explain its antidepressant and anxiolytic effects. Literature
has reported on its probable mechanism to produce microvesicu-
lar steatosis thought to be secondary to impaired mitochondrial
beta-oxidation of fatty acids. Similar hepatotoxic effects were
noted in humans with another atypical tricyclic, amineptine,
which was approved in France for clinical depression in 1978
and subsequently suspended in 1999 for concerns over abuse.
Tianeptine is still available for the treatment of major depressive
disorder in France, other parts of Europe, Asia, and Latin
America.
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116. Survival in persons receiving
cardiopulmonary resuscitation in the
field for suspected opioid overdose

Joseph Testaa, Madison Bomparda, Quincy Taylora,
Katherine Hartb and Suzanne Doyonb
aUniversity of Connecticut; bConnecticut Poison Control Center,
UConn Health

Background: Survival of out-of-hospital cardiac arrests (OHCA)
remains low due to the complex and time-sensitive nature of
emergency care in the prehospital setting. The overall survival to
hospital discharge following all-cause OHCA has been previously
studied and reported by the American Heart Association, Sudden
Cardiac Arrest Foundation, Cardiac Arrest Registry to Enhance
Survival, and others. Survival to hospital discharge from OHCA
due to opioid overdose has not been studied. A statewide over-
dose response directive was established in 2019 in our state. It
requires that all 150 emergency medical system (EMS) companies
report suspected opioid overdoses to the regional poison center.
This study aims to identify patients who received cardiopulmon-
ary resuscitation (CPR) for suspected opioid overdoses and deter-
mine the overall survival to hospital discharge.
Methods: A retrospective cohort study of all suspected opioid
overdose events reported to a regional poison center from 1 July
2019 to 31 December 2022 (3.5 years) was conducted. Inclusion
criteria: suspected opioid overdose identified by EMS, received
CPR (bystander or EMS-administered) in the field. Exclusion crite-
ria: unable to follow up due to missing data. Demographic varia-
bles were collected including age, gender, and ethnicity. Each
narrative was reviewed and data on CPR, naloxone administra-
tion, return of spontaneous circulation (ROSC), disposition follow-
ing emergency department (ED) encounter, and final disposition
following admission to hospital was collected.
Results: A total of 1272 cases were analyzed. Of these, 422
(33.2%) did not have ROSC and died in the field. Of the remain-
ing 850 with ROSC, 19 (2.2%) refused transport to ED. Of the 831
patients with ROSC transported to the ED, 432 (52.0%) were dis-
charged from ED, 248 (29.8%) were admitted to the hospital with
the diagnosis of opioid overdose, 46 (5.5%) patients were diag-
nosed with other serious illnesses (STEMI, arrhythmia, etc.), 42
(5.1%) left against medical advice, and 31 (3.7%) died. Overall,
survival to hospital discharge for all 1272 patients was 11.2%
(143/1272). Survival for patients admitted to the ICU was 49.7%
and survival for those admitted to medical floor was 100%. Only
4.0% of patients were lost to follow up.
Conclusions: In 2016, the Institute of Medicine reported that less
than 6% of people who experience all-cause cardiac arrest outside
the hospital survive to hospital discharge. In 2017, a multi-state
public health initiative, HeartRescue, reported an 11.4% overall sur-
vival following OHCA from presumed cardiac etiology. In 2020, the
Cardiac Arrest Registry to Enhance Survival (CARES) reported sur-
vival to hospital discharge after EMS-treated OHCA was 9%. Our
study reported on 1272 patients who received bystander-CPR or
EMS-CPR in the field for suspected opioid overdose. Of these,
65.3% (831) achieved ROSC and were transported to the ED.
Overall survival to hospital discharge was 11.2% for all patients
receiving CPR in the field for suspected opioid overdose. In the
future, risk factors associated with survival will be identified.
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117. A historical look at human exposures
reported to the NPDS, 1985–2022

Daniel Spykera and Alvin C. Bronsteinb
aOregon Health & Science University; bHawaii State Department of
Health

Background: We took the occasion of the 40th anniversary of
America’s Poison Centers to consider exposure data from the
early days to the present. Although National Poison Data System
(NPDS) data are readily available online from 2000 to present,
earlier data were created with different generic code standards
and format and are not directly available via NPDS Enterprise
Reports. Due to these differences, we expected to find apparent
discontinuities between early and recent exposure data.
Methods: We examined all closed human single substance expo-
sures from early (1985–1999) and recent (2000–2022) by year for
the 68 major generic categories and 188 minor generic categories.
Early data were retrieved by HTC Global Services. Although the
Association Annual Report 1A includes 1983 and 1984 data, an
electronic version for these data is not available. Therefore, these
years were exclude. We calculated linear and quadratic change
over time for more serious exposures (NPDS medical outcome¼
moderate, major or death), and morbidity index (MI¼ serious
exposures �1000/total exposures) for early, recent and combined
data by major and minor category. All data management and stat-
istical analyses were via SAS JMP ver 16.2.0 (SAS Institute).
Results: The data included 70,916,632 human exposures including
3,153,151 more serious exposures. Exposures per year (current
/early) increased by 1.27 and serious exposures by 2.11. We
excluded 3 major categories (exposure cases coded to major cate-
gories of Information Call, Narcotic Antagonists, and Weapons of
Mass Destruction from the final analyses due to small numbers
and suspected coding errors. Over the 38-year period, the greatest
change-over-time increases in serious exposures were observed in
the following major categories (increase in serious exposures/
year): Analgesics (573), Sedative/hypnotics/antipsychotics (323),
Antidepressants (303), and Stimulants/street drugs (263); minor
categories were Miscellaneous Sedative/Hypnotics/Antipsychotics
(329), Pharmaceutical and Illegal Opioid Preparations (243),
Miscellaneous Unknown Drug (170), Sedating Antihistamines
(166). The results were similar for early and current separate data
regressions. 2 shows the MIs of the major categories with
> 500,000 exposures. The top 5 major categories by MI were:
Stimulants and Street Drugs (194), Antidepressants (158),
Sedative/Hypnotics/Antipsychotics (149), Anticonvulsants (136).
The top 5 minor categories by MI were: Snakes (535), Lithium Salts
(315), Miscellaneous Anesthetics (314), Cannabinoids and Analogs
(285), Tricyclic Antidepressants (TCA) (249).
Conclusions: Variability in change-over-time as judged by graph-
ics failed to show inconsistencies at the transition (1999-2000).
Morbidity ranking revealed the expected offender substance cat-
egories. We were surprised at the lack of discontinuity in the
data between early and current exposure data. The remarkable
consistency of these long-term data highlight NPDS’ reproducible
data trends and supports the investment of resources necessary
to make these early data more accessible. The consistent trends
over 38 years give impetus to the continuing education and pre-
vention efforts of the Association and member centers. The his-
torical dimension of NPDS data bookends the near real-time
collection and supports both short-term and long-term data
trend evaluation thus providing the infrastructure for detecting
and reacting to emerging public health threats.
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118. Evaluation of the effects of
xylazine on fentanyl fatalities using
post mortem data

Henry Spillera, Hannah Haysa, Rebecca DeRienzb,
Natalie Rinea, Meagan Seidenfeldc and Gary Smithd
aCentral Ohio Poison Center; bFranklin County Coroner Office;
cIndependent Researcher, Tampa, FL, USA; dCenter for Injury
Research and Policy, The Abigail Wexner Research Institute at
Nationwide Children’

Background: Xylazine is a central alpha-adrenergic agonist used
as a tranquilizer for large animals in veterinary medicine.
Increasingly it has been found as an adulterant in illicit fentanyl
produced by the various drug cartels. We reviewed the records
of the Franklin County Coroner’s Office, Columbus, Ohio for all
fentanyl-associated fatalities for the presence of xylazine.
Methods: We retrospectively reviewed all fentanyl related fatalities
with or without xylazine from 1 January 2019 to 31 March 2023.
Analysis on post mortem blood was performed using LC/MS/MS for
both fentanyl and xylazine quantitation. Mann–Whitney/Wilcoxon
Two-Sample Test was used to evaluate differences between groups.
Results: There were a total of 3,039 fentanyl fatalities among
which 148 (4.9%) had xylazine detected. There was a mean of
715 fentanyl fatalities per year with a peak of 807 in 2020. The
portion of fentanyl fatalities with xylazine detected increased in
linear fashion from 2.8% in 2019 to 7.2% in 2022 (R2 ¼ 0.97). A
decline in annual fentanyl fatalities occurred after 2020 (R2 ¼

0.89), while cases with xylazine detected continued to increase.
Postmortem fentanyl concentrations were significantly higher
(P< 0.005) in cases with xylazine detected than those without
xylazine: quartiles with median fentanyl concentrations (ng/mL)
were 7.9, 16.0 and 26.5ng/mL in cases with xylazine detected and
5.6, 10.0, 18.0ng/mL without xylazine, respectively. Post mortem
xylazine concentrations in these decedents were (quartiles with
median) 8.6, 18.5 and 42ng/mL, with a range of 3.3–2,755ng/mL.
There was no significant change in postmortem fentanyl or xyla-
zine concentrations over the 4 year study period. Post mortem
concentration was not affected by age or gender. The mean and
median age of fentanyl fatalities with xylazine detected was 42
and 43 years, respectively, range 19–78 years. Two-thirds (66%)
were male. Seventy three percent were white, 24% were African
American and 3% were other (biracial non-Hispanic).
Conclusions: There was an increasing percentage of fentanyl-
related fatalities with xylazine detected from 2019 to 2022. These
deaths occurred primarily in white, male, older adults. A similar
but slightly greater annual increase in fentanyl fatalities with
xylazine detected has been reported recently in Philadelphia. It is
unclear why post mortem fentanyl concentrations were higher in
fatalities with xylazine detected. This supports study findings
from emergency department overdose patients which showed
that xylazine adulteration was associated with less severe out-
comes (coma and cardiac arrest). These findings led researchers
to postulate that xylazine co-intoxication confers a protective
effect, possibly due to decreased opioid dose or concomitant
adulteration with other substances, such as novel psychoactives.
In our large study set, patients with xylazine detected had signifi-
cantly higher post-mortem fentanyl levels, therefore decreased
total opioid dose in adulterated samples does not appear to
account for this protective effect. More study is needed to deter-
mine whether these two trends are related and the reasons for
this apparent protective effect.
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119. An opioid by any other name.
Detecting novel opioids on social
media using linguistic features

Michael Chary and Joshua Rivera
Weill Cornell Medical Center

Background: Each year hundreds of new designer chemicals,
including derivatives of fentanyl emerge. These novel drugs and
their new names pose a unique challenge for ML/AI models,
which are excellent at recognizing recurring patterns but slow to
detecting emerging trends and changes in vocabulary. To detect
use of novel substances earlier, there is a need to develop tools
that can recognize emerging novel substances with limited prior
data. Detecting novel substances earlier would prevent mortality
by rapidly identifying outbreaks and helping to target resources.
Prior studies suggest that, over the last decade, people increas-
ingly refer to drugs online by variations of their chemical name
rather than slang terms. Drug names have idiosyncratic spellings,
which leads to our working hypothesis that novel psychoactive
substances have unique spellings that identify them in online
commentary.
Methods: To create a system that recognizes novel synthetic
opioids based on spelling and determine its sensitivity and speci-
ficity, we identified all unique sequences of 3 letters or more (lex-
emes) in all substances approved by the Food and Drug
Administration or listed on the Wikipedia pages for novel psy-
choactive substances. We acquired tweets mentioning opioids
and compared the ability of lexemes to identify drug names to
Med7, a natural language processing model for electronic health
records that recognizes drug names.
Results: We identified 497 sequences of letters unique to drug
names. We obtained 24,342,393 tweets (10,842,091 unique and
in English) of which 6,281,542 explicitly mentioned at least one
drug (3,278, 616 mentions of novel synthetic opioids and
3,002,926 of opioids). We manually annotated a random sample
of 2,666 tweets. With human curation as the reference standard,
our spelling rules-based approach had a sensitivity of 0.922 and
specificity of 0.77 compared with 0.672 and 0.841 for Med7. For
novel synthetic opioids, the sensitivity and specificity were 0.928
and 0.77 for our approach and 0.67 and 0.85 for Med7.
Conclusions: The spelling of drugs is as sensitive as Med7 in rec-
ognizing mentions of opioids from online comments, but less
specific. Performance did not depend on whether tweets men-
tioned opioids or novel synthetic opioids. Models designed
rationally from fundamental linguistic features may perform as
well as more complex approaches.
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120. Characteristics of poisoning-
associated rhabdomyolysis in various
age groups

Robert Hendrickson, Samy Chettat and on behalf of
the Toxicology Investigators Consortium (ToxIC)
Oregon Health and Science University

Background: Poisoning-associated rhabdomyolysis is the break-
down of muscular tissue that may occur after exposure to many
agents. Muscle damage may be caused by repeated muscular
contraction, compression from prolonged sedation, or direct
myotoxicity and the risks for each of these vary with age. Muscle

damage may lead to elevations in serum myoglobin, creatine
phosphokinase (CPK), metabolic acidosis, and renal failure. We
sought to determine and compare the agents that are associated
with, and the clinical characteristics of, toxicant-associated
rhabdomyolysis in children, adolescents, adults, and those > 65
years.
Methods: We searched the ToxIC database for the 10-year period
from 1/1/2012 to 12/31/2021. ToxIC is a database of cases that
are prospectively entered into the registry after bedside consult-
ation by a medical toxicologist. Agents that are primarily respon-
sible for the subject’s symptoms are determined by the medical
toxicologist. Cases were included if they had a diagnosis of
rhabdomyolysis (defined by ToxIC as CPK > 1000IU/L and had at
least one agent listed as “primary agent” associated with the tox-
icity. Cases were excluded if there was no documented age.
Pearson Chi-square test was used to test for association of
dichotomous outcomes with the 19–35yo group as a
comparator.
Results: There were 2450 cases of rhabdomyolysis that were
related to poisoning over 10 years. 59 cases were excluded due
to unknown age, leaving 2391 study cases. Subject ages ranged
from 3mo to 89 yr. The majority of exposures were intentional in
all age groups except < 7 yo. There were differences in primary
agent in patients with rhabdomyolysis by age (1): children < 13
yo had a higher percentage of envenomation from rattlesnakes,
hymenoptera, and recluse spiders; adolescents had a higher per-
centage of anticholinergics and serotonin toxicity as well as psy-
choactive substances. Subjects that are 19–50yo had high
proportions of stimulants and those > 50 yo and had higher pro-
portions of sedative/hypnotic drugs and opioids. Acute kidney
injury (AKI) was present in all age groups, but was a higher per-
centage of cases in adults (> 19 yo) than children. Compared to
adults aged 19–35 yo, the rate of AKI was lower in children < 7
yo (6.3 v. 26%, P ¼ 0.01) and children 7–12 yo (8.0 v. 26%, P ¼

0.045). Mortality associated with rhabdomyolysis increased with
age. Compared to adults aged 19-35 yo, mortality was higher in
those aged 36–50 yo (6.2 v 3.5%, P ¼ 0.14), aged 51–65 yo (6.3 v
3.5%, P ¼ 0.02), and age 66–80 yo (9.6 v 3.5%, P ¼ 0.01).
Conclusions: Poisoning-related rhabdomyolysis occurs in all age
groups and there were no differences in associated agents
between age groups.
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121. Impact of minimum age
requirement increase on teen
nicotine-containing product exposures
reported to NPDS (January
2015–December 2022)

Alicia Dalton, Gabrielle Bau, Megan Healy and
Kate Reynolds
Rocky Mountain Poison and Drug Safety – Denver Health, Denver,
CO, USA

Background: E-cigarette utilization has increased over time and
has lead to public health concern. In response to the increased
use, particularly among teens, federal legislation was passed on 20
December 2019 to increase the minimum age requirement to pur-
chase nicotine-containing products from 18 to 21 years of age.
Research is needed to understand this legislation’s effect on teen
e-cigarette use and all nicotine-containing product exposures.
Methods: Nicotine-containing product exposure data were
obtained from National Poison Data System (NPDS) from January
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2015 through December 2022. Monthly exposures were analyzed
by product type (traditional cigarettes, e-cigarettes, and other/
unknown nicotine products), age group (teen: 13-20, adult: �21),
medical outcome (clinically significant: moderate or worse), and
period (pre: 01 January 2015 to 31 July 2019, post: 01 April 2020
to 31 December 2022). A transition period of 20 December 2019
through 31 March 2020 was excluded from the analysis. Exposures
occurring between 01 August 2019 and 19 December 2019 were
excluded from the analysis to control for a large spike observed in
e-cigarette exposures potentially due to the e-cigarette or vaping
use-associated lung injury concern and associated media during
that time. Rate ratios were calculated to compare all and clinically
significant monthly exposures between the pre- and post-periods.
Results: Nicotine-containing product exposures involving teens
accounted for 29% of all exposures included in this analysis (n ¼

4,433/15,184). Overall, 54% of all teen exposures were e-ciga-
rettes, 36% were other/unknown nicotine products, and 10%
were traditional cigarettes. Rates of all teen exposures to e-ciga-
rettes did not change between the pre- and post-periods; how-
ever, clinically significant e-cigarette exposures increased (pre: 4,
post: 8; rate ratio [RR]: 1.89 (95% CI: 1.58, 2.26). Among teen
exposures to other/unknown nicotine-containing products, all
exposures significantly decreased from an average of 21 expo-
sures per month in the pre-period to 14 exposures per month in
the post-period (RR: 0.68 (95% CI: 0.61, 0.76), and clinically signifi-
cant exposures decreased from 3 to 2 (RR: 0.74 (95% CI: 0.56,
0.96). All traditional cigarette exposures among teens also signifi-
cantly decreased from 6 to 4 exposures per month (RR: 0.61
(95% CI: 0.49, 0.75). Among adults, all exposures to other/
unknown nicotine-containing products increased (RR: 1.18 (95%
CI: 1.11, 1.25) as did clinically significant e-cigarette exposures,
though by a lesser degree compared to the increase observed
among teens (pre: 4, post: 7; RR: 1.48 (95% CI: 1.23, 1.78).
Conclusions: Nicotine-containing product exposures reported to
NPDS may have been impacted by the nationwide increase in min-
imum age required to purchase nicotine-containing products. Rates
of all traditional cigarettes and other/unknown nicotine product
exposures decreased significantly among teens. While the rates of
all e-cigarette exposures were unchanged among both teens and
adults, the rate of clinically significant exposures to e-cigarettes
nearly doubled. Additional studies should be performed to under-
stand why e-cigarette exposures were not affected by the legisla-
tion and to assess the public health impact of the policy.
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122. Epidemiology of cnidarian stings
reported as jellyfish stings to three
statewide US poison centers

Christopher Racitia, Luke Webera, Karen Muschlerb

and Jeffrey Bernsteinc
aMount Sinai Medical Center; bRocky Mountain Poison and Drug
Center; cUniversity of Miami/Jackson Health System

Background: An estimate of 200,000 cnidarian stings occurs in
our region’s coastal waters annually. Although rarely fatal, these
stings can cause severe local symptoms, and significant morbid-
ity, especially in those unfamiliar with its basic management. As
a popular destination location for visitors around the world, our
region reports various cnidarian stings to our poison control cen-
ters (PCC) year-round, but no recent published data has been
studied exclusively from our centers. Here, we report the epi-
demiology of cnidarian stings from our regions three PCCs.
Methods: A retrospective review of all calls to our state’s three
PCCs for cnidarian stings between 1 January 2013 through 31

December 2022 were obtained and analyzed from the
Toxsentry# database. Data obtained included date and time of
the exposure, age and gender of the exposed individual, species
of cnidaria, exposure site, management site, route of exposure,
medical outcome, clinical effects, and treatment. There were no
exclusion criteria.
Results: A total of 816 reported cases of cnidarian stings were
identified. 649 (79.5%) cases were recorded as jellyfish stings, 155
(19.0%) were as Physalia physalis stings, and 12 (1.5%) were
recorded as “unknown”. There were 433 (53.0%) female cases
and 379 (47.0%) male cases. Stings occurred mostly in public
areas (n ¼ 507, 62.1%) or private residences (n ¼ 288, 35.3%). Of
those with a recorded age, 522 (72.4%) were under 30 years-old
with 227 (43.5%) of those occurring in children less than 10
years-old. During the COVID-19 pandemic (2020–2022), 302 cases
were reported compared to 166 cases in 2017–2019. An average
of 68 cases were recorded per month, with cases peaking in
March (n ¼ 121, 14.8%). Dermal irritation occurred in 509 (62.3%)
cases, puncture wounds in 442 (54.1%) cases, and erythema in
211 (25.8%) cases. Treatment mostly consisted of irrigation/dilu-
tion (n ¼ 549, 67.2%), steroids (n ¼ 140, 17.1%), or antihist-
amines (n ¼ 91, 11.1%). 317 cases were followed up, with a
majority causing only minor effect (n ¼ 270, 85.1%). Of those not
followed, all (n ¼ 499) were deemed to have minor or no clinical
effect. No fatalities were reported. 614 (75.2%) stings were man-
aged on site (outside of a health care facility), 169 (20.7%) in the
Emergency Department, and 33 (4.0%) were unknown. Of those
that were evaluated at an Emergency Department, 118 (69.8%)
were discharged, 30 (17.8%) were admitted, and 21 (12.4%) left
against medical advice (AMA).
Conclusions: A large percentage of cnidarian stings were
reported as true jellyfish stings. A majority of those occurred in
school-aged children. These stings were slightly more common
in females over males. Although cnidarian stings are reported
year-round in our area, a slightly higher proportion was noticed
during peak visitor months. The volume of calls was noted to
increase during the COVID-19 pandemic. Cnidarian stings over-
whelmingly caused local dermal symptoms, and most did not
require evaluation at an emergency department. The number of
cnidarian stings are likely underreported to our PCCs. PCCs play
an important role in guiding callers through appropriate cnidar-
ian sting management and can help prevent unnecessary emer-
gency department evaluation.
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123. A comparison of vitreous fluid
and blood matrices in postmortem
drug analysis

Bondy Jedediah and Zachary DiPerna
Lake Erie College of Osteopathic Medicine

Methods: Vitreous humor (VH) from one or both eyes was col-
lected and analyzed using liquid chromatography–mass spectrom-
etry (LC-MS) in 66 postmortem cases in southwestern and
southcentral Pennsylvania over a period of 8 months. All speci-
mens included in the study contained at least one of the follow-
ing analytes: 6-acetylmorphine (6-AM), Morphine (MOR), Fentanyl
(FENT), Norfentanyl (NORF), Cocaine (COC), and Benzoylecgonine
(BZE). To determine the utility of vitreous fluid analysis compared
to traditional whole blood analysis for these analytes, blood speci-
mens were analyzed alongside vitreous specimens and compared.
Results: When VH was compared to whole blood there was no
significant differences in the detection rates of fentanyl, BZE, and
morphine. There were increased detection rates in both 6-AM
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and cocaine. Additionally, 6-AM concentrations were increased in
VH compared to whole blood.
Conclusions: This increased detection rate and concentration
could prove to be a useful screening test when preforming toxi-
cological analysis.
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124. Battery ingestions by dogs
reported to poison centers

Johanne Freeman and Mathias Forrester

Background: Because of their common presence in the home,
there is a risk that batteries may be ingested by dogs. If the bat-
tery becomes lodged in the dog’s esophagus, injury may result
through direct pressure against the surrounding tissues, leakage
of the alkaline electrolyte from those types of batteries that con-
tain such substances, and generation of external current that
causes electrolysis of fluids in the surrounding tissues, producing
hydroxide. The objective of this study was to describe battery
ingestions by dogs reported to poison centers that primarily
manage human exposures.
Methods: Cases were battery exposures (Generic codes 0077230,
0077231, 0077232, 0077233, 0265000, 0265230, 0265231,
0265232, 0265233, 0265234, 0265235, 0265236) reported to a
large, statewide poison center network during 2000-2021 where
the exposure route was ingestion, the patient species was ani-
mal, and the animal type was dog. The distribution of cases was
determined for various factors.
Results: A total of 443 battery ingestions by dogs were identified.
The type of battery was 376 (84.9%) pen/flashlight/dry cell battery,
54 (12.2%) disc battery, 9 (2.0%) other battery, and 4 (0.9%)
unknown battery. There were 123 (27.8%) ingestions during
December–February, 103 (23.3%) during March-May, 112 (25.3%)
during June-August, and 105 (23.7%) during September–November.
The ingestion occurred at the home of the dog’s owner or care-
giver in 320 (72.2%) cases, 1 (0.2%) at another residence, and 122
(27.5%) at an unknown location. The management site was 285
(64.3%) on site (outside of a healthcare facility), 150 (33.9%) at a
healthcare facility or other location (possibly a veterinarian facility),
and 8 (1.8%) at an unknown location. A clinical effect was reported
in 77 (17.4%) of the cases. The most frequently reported clinical
effects were vomiting (n ¼ 32, 7.2%), oral irritation (n ¼ 20, 4.5%),
excess secretions (n ¼ 9, 2.0%), drowsiness/lethargy (n ¼ 7, 1.6%),
and oral burns (n ¼ 4, 0.9%). The ingestion was not serious (no
effect, minor effect, moderate effect, not followed-judged nontoxic,
not followed-minimal effects possible) in 298 (67.3%) cases, serious
(moderate effect, major effect, unable to follow-potentially toxic) in
143 (32.3%), and unrelated to the ingestion in 2 (0.5%); no deaths
were reported, although the poison center network generally does
not follow animal exposures to determine final outcome. A treat-
ment was documented in 211 (47.6%) of the cases. The most fre-
quently reported treatments were dilute/irrigate/wash (n ¼ 178,
40.2%) and food/snack (n ¼ 28, 6.3%).
Conclusions: This study found that battery ingestions by dogs
most often occur at the owner’s own home. There was no appar-
ent seasonal pattern to the ingestions. Although a greater pro-
portion of cases did not result in serious outcomes, a significant
number did have serious effects.
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125. Clinical impact of fomepizole as
an adjunct therapy in massive
acetaminophen overdose

Molly Stotta, Colleen Cowderyb, Reeves Simmonsa,
Dawn Solleea, David Taskab, Lindsay Schaack
Rothsteina and Sophia Sheikhb
aFL/USVI Poison Information Center; bUF Health Jacksonville

Background: N-acetylcysteine (NAC) therapy is considered the
standard of care for acetaminophen (APAP) overdose (OD).
Fomepizole use in massive APAP exposures is postulated to be a
potential adjunct therapy with limited supportive data.
Effectiveness has not been proven and fomepizole's indication,
optimal timing and dosing is unknown. The study objective was
to compare the timing of fomepizole initiation to peak AST and
clinical outcomes after massive APAP overdose.
Methods: This study was an Institutional Review Board approved
retrospective chart review of massive APAP ODs reported to the
Poison Center from 1/1/2018 to 12/31/2022. Exposure calls in
patients ages 0–100 with a massive APAP ingestion (level of
�300mcg/mL at any time OR multiplication product of �10,000
on initial lab evaluation) treated with NAC AND at least 1 dose
of fomepizole met inclusion criteria. Patients with a toxic alcohol
ingestion, known history of ethanol abuse, co-ingestion of hep-
atotoxic drugs, and patients not followed for at least 24hours
from fomepizole administration were excluded. Demographic,
clinical, treatment data and National Poison Center Data System
(NPDS) outcome codes were collected. Patients were placed into
two groups: Group S (fomepizole started the same day as NAC)
and Group D (fomepizole started > 1day after NAC). Basic
descriptive and bivariate analysis were performed in SPSS
Statistics v29.
Results: A total of 111 patients were screened and 41 met inclu-
sion criteria (Group S¼ 22; Group D¼ 19). The average age was
42.5±23.2 years, 31% (13) were males, four total deaths and one
patient received a liver transplant. All but one patient in group S
and all patients in group D were treated with an initial fomepi-
zole dose of 15mg/kg. The average number of additional fome-
pizole doses in Group S was 1.6 ± 0.51 and in Group D was
1.4±0.54. Group S had significantly lower peak AST levels (P ¼

0.034) and total days of NAC therapy (P ¼ 0.046) compared to
Group D. Group S had fewer deaths/major outcome designations
than Group D, but this was not significantly lower (P ¼ 0.074).
There was no difference between groups for ICU length of stay.
Additionally, there was no difference between groups related to
when NAC was initiated.
Conclusions: The use of fomepizole as an adjunct treatment is
becoming more common, but there is a lack of data to indicate
the optimal timing of initiation after massive APAP overdose. To
our knowledge, this study is the largest reported retrospective
review and the first to suggest differences in hepatotoxicity and
treatment utilization based on timing of fomepizole therapy. We
found initiating fomepizole the same day as NAC therapy in mas-
sive APAP OD was associated with significantly lower peak AST
and less total days of NAC compared to delayed start. Based on
this data, it may be beneficial to start fomepizole within 24hours
of NAC therapy initiation after massive APAP ingestions. Further
study is needed to replicate and validate these preliminary
findings.
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126. Characterizing fomepizole use in
acetaminophen deaths reported to US
poison centers

Masha Yemets and James Leonard
Maryland Poison Center

Background: N-acetylcysteine (NAC) continues to be the main-
stay of therapy to prevent and treat hepatotoxicity in acetamino-
phen overdoses, but there has been a rise in treatment failures
secondary to massive acetaminophen ingestions. A novel strat-
egy that has gained popularity is utilizing fomepizole to decrease
N-acetyl-para-benzoquinone imine production. This therapy has
promising preclinical data, but there continues to be limited pub-
lished data especially in the cases of fatalities.
Methods: Fatality narratives and case information for years 2010-
2021 were obtained from the National Poison Data System
(NPDS) in which fomepizole was coded as performed or recom-
mended and performed. Cases with ingestions of a toxic alcohol,
substances that did not include acetaminophen or if the cause of
death could not be determined were excluded. Each abstract
was reviewed by one author, and 10% of these were randomly
sampled and analyzed by a second author to confirm whether
inclusion or exclusion was appropriate. Three categories were
created to distinguish the severity of hepatotoxicity at the time
of fomepizole administration: no hepatotoxicity, hepatotoxicity
(aspartate aminotransferase [AST] or alanine aminotransferase
[ALT] > 1,000) or acute liver failure (international normalized
ratio [INR]> 1.5, elevated transaminases, encephalopathy). The
presence of renal injury, if renal function was documented, was
also assessed surrounding the time that fomepizole was given.
Descriptive statistics are reported.
Results: A total of 214 fatality cases of the 1,316 retrieved met
inclusion criteria for fomepizole use in acetaminophen poisoning.
Of these, 141 cases were suitable to differentiate between the
three aforementioned categories. The most frequent time of
fomepizole administration was during acute liver failure with
78% (110/141) of the cases falling within this category. This was
followed by 15.6% (22/141) of the cases having no hepatotox-
icity, and 6.4% (9/141) having hepatotoxicity when fomepizole
was given. Renal injury was noted in 86.3% (113/131) of the
fatalities. Fomepizole use in these patients sharply trended up in
2020, with 2021 containing the largest number of cases com-
pared to the previous years. Initiating this intervention earlier in
a patient’s course without hepatotoxicity present also increased
in 2021.
Conclusions: Acetaminophen poisonings continue to be a major
problem, especially in the setting of massive ingestions refractory
to standard treatments. Case reports and case series have
described good outcomes with the use of fomepizole as an
adjunctive therapy in these situations. Fomepizole is increasingly
being used in patients with established liver failure after acet-
aminophen overdoses. The timing of fomepizole administration
in relation to liver and/or renal injury may affect its effectiveness
and should be a point of subsequent research.
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127. Increase in acetaminophen
overdoses and severity in teens
during the COVID pandemic: results
from the US National Poison Database
System 2017–2022

Axel Adamsa and Michael Wahlb
aToxikon Consortium; bIllinois Poison Center

Background: Recent research indicates that the COVID-19 pan-
demic resulted in increased mental health disorders and depres-
sive symptoms among adolescents. Poor outcomes have been
associated with adolescent age, female gender, and neurodiver-
sity. According to the most recent Youth Risk Behavior Survey
published (2019), suicide is the second leading cause of death
among high school-aged children. This observed trend builds on
previous National Poison Data System (NPDS) data that shows
there has been a significant increase in attempts using self-
poisonings since 2011, with an associated increase the severity of
outcomes. Over the counter analgesics such as acetaminophen
are common overdose agents and as a group are associated
with the largest number of serious medical outcomes. In this
retrospective observational case series, we evaluated the NPDS
from 2017 to 2022 and compared rates of acetaminophen over-
dose and outcomes, in the three years preceding the pandemic
years (2017–2019) against the three years during the COVID-19
pandemic (2020–2022).
Methods: We performed a retrospective review of the NPDS 1
January 2017 – 31 December 2022 for ingestions coded as inten-
tional suspected suicide with the generic NPDS codes for acet-
aminophen products overdose for the age range 13–19 years of
age. Further details on outcome, interventions, and demographic
details were obtained. Chi-squared tests were used to evaluate
for statistical significance in changes for the age groups 13–19
years of age during the time periods 2017–2019 vs. 2020–2022.
Results: In the study period, there is an increase in suicidal acet-
aminophen overdoses, those receiving NAC, and those requiring
critical care admission. There was a significant increase in the
number of acetaminophen overdoses requiring admission –

16,033 in 2020–2022 compared to 10,277 in 2017–2019 (P <
0.0001). There was a significant increase in the number of acet-
aminophen overdoses requiring ICU level care (P < 0.0001); how-
ever, there was not a significant increase in those directly
admitted to psychiatry from the ED. The number of patients
requiring n-acetyl cysteine increased significantly from 18,987 to
27,474 (P < 0.00001). Demographically, there was a significant
increase in the number of female acetaminophen overdoses (P <
0.0001).
Conclusions: Increasing US teen suicide is a public health emer-
gency. The increase in acetaminophen as a method of attempted
suicide is concerning due to the ease of obtaining acetamino-
phen and the morbidity and mortality associated with overdose.
Data from the UK have demonstrated that limiting acetamino-
phen package size and utilization of 16 and 32,500mg tab blister
packs have been successful interventions. Limitations of this
study are that the NPDS is a voluntary database and may under-
report cases, the coding of NPDS may misrepresent cases, and
cases may be lost to follow up. Future studies include continuing
to trend acetaminophen overdoses amongst teens over time to
assess if they return pre-pandemic baselines.
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128. Massive vs. submassive
acetaminophen exposures and
hepatotoxicity in adolescents

Adam Overberga and Scott Heinemannb
aIndiana Poison Center; bMercy Health

Background: The need for treatment with N-acetylcysteine
(NAC) in acute acetaminophen ingestion has long been deter-
mined by use of the Rumack-Matthew nomogram, which strati-
fies risk of acetaminophen-induced hepatotoxicity based on
serum concentrations. Adolescents and adults are treated with
the same NAC regimens despite a growing recognition of differ-
ences in the way each group experiences poisoning and hepato-
toxicity. Pediatric massive acetaminophen overdose data in
particular is notably thin. Therefore, we sought to compare ado-
lescent massive and submassive acetaminophen overdoses,
including exposure demographics, rates of hepatotoxicity despite
treatment with NAC, and outcomes.
Methods: This was a retrospective cohort study of acute, inten-
tional, single-substance acetaminophen ingestion cases in patients
aged 10–19 years old and reported to NPDS from 1 January 2009,
to 31 December 2018. If amount was reported in dosage units
(e.g., tablets or capsules), we converted it to a numerical amount
using an assumed strength of 325mg per unit. Cases were
excluded if the amount ingested was unknown or nontoxic (<
5 g), appeared to be miscoded or highly improbable (> 150g or
any amount coded in mCg or kg), or NAC was not administered.
The remaining cases were then stratified into massive (�30g) and
submassive (5–29g) ingestions for comparison. Patient demo-
graphics, clinical effects, and medical outcome were analyzed. The
primary outcome was the incidence of hepatotoxicity (AST or ALT
> 1000 units/L) in each group. Secondary outcomes included NAC
route of administration, indirect markers of end-organ dysfunction
(PT/INR, serum creatinine, acidosis, ammonia, confusion, and
hypoglycemia), and rate of adverse drug reactions.
Results: A total of 13,025 cases were analyzed (massive n ¼

1267). The mean ingested acetaminophen doses were 45.6 g
(0.75g/kg) and 11.8 g (0.2 g/kg) in the massive and submassive
groups, respectively. Massive overdose was associated with a sig-
nificantly higher incidence of hepatotoxicity (8.8 vs. 4.8%;
P< 0.001), PT/INR prolongation (8.6 vs 4.8%; P < 0.001), elevated
serum creatinine (1 vs. 0%; P ¼ 0.008), acidosis (2.4 vs. 0.7%; P <
0.001), and confusion (1 vs. 0%; P < 0.001). Hypoglycemia was
rare (n ¼ 2, both in submassive group), and hyperammonemia
was not reported in either group. There were no differences
between groups in age, weight, use of activated charcoal, formu-
lation of NAC administered (�84% intravenous), or rate of
ADRs (�4%).
Conclusions: Adolescents who acutely ingest �30g of acet-
aminophen are at nearly twofold higher risk of developing hep-
atotoxicity compared to those who ingest 5–29g, even when
controlling for NAC administration. Consideration of current treat-
ment strategies and whether they remain adequate in pediatric
massive acetaminophen overdose is warranted. This study also
emphasizes the need for a more comprehensive understanding
of massive acetaminophen overdose as well as the importance of
including pediatric data in all toxicology research.
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129. Evaluation of laboratory
utilization among clinicians in
acetaminophen overdose

AjaNia Hearne, Justin King, Catrina Crawford and
Jennifer Parker Cote
East Carolina University-Brody School of Medicine

Background: In acetaminophen overdose without signs of hepa-
toxicity, general recommendations are to check liver transami-
nases (LFTs), acetaminophen level, and coagulation studies upon
initial assessment and just prior to the conclusion of N-acetyl
cysteine (NAC) 21-hour infusion protocol (2 sets). The continu-
ation of infusion depends on the elevation of LFTs or the contin-
ued presence of acetaminophen at the end of the NAC protocol.
Despite these recommendations, many clinicians continue to
trend these levels with multiple sets of labs, during the initial
NAC protocol. The primary aim was to evaluate if multiple lab
evaluations, during the NAC protocol, changed the management
or patient outcomes.
Methods: A retrospective chart review from 2010 to 2021 of
adult and pediatric patients presenting to a tertiary care hospital
for acetaminophen overdose was completed. Inclusion criteria
consisted of overdoses requiring NAC without initial evidence of
hepatoxicity (AST or ALT > 1000U/L) to evaluate the number of
laboratory occurrences during the NAC protocol. Secondary out-
comes evaluated were patient disposition, development of hepa-
toxicity, and extension of NAC infusion occurred.
Results: Out of 321 patients identified, 191 charts were excluded,
and 130 met the inclusion criteria. Overall, the average (mean)
number of sets of labs drawn was 5, with a range of 1–22 sets,
during the entirety of NAC infusion. Seventy-three cases, that
never developed hepatoxicity and only received 21hours of NAC,
had greater than 2 sets of labs, with an average of 4 sets and a
range of 1–8 sets. Thirty cases required NAC beyond the 21-hour
protocol. Two patients required transfer to a liver transplant facil-
ity, 128 were discharged, and no deaths occurred. Ten patients
developed hepatoxicity, but all incurred an elevation of LFTs
from baseline on laboratory evaluation on labs drawn at the rec-
ommended time, just prior to the conclusion of the 21-hour NAC
protocol. Using Fisher’s Exact test, there was a significant associ-
ation between following recommended lab protocol (2 sets) and
change in management (P < 0.01). Specifically, cases following
recommended lab protocol are less likely to have a change in
management (extension of NAC protocol), compared to those
that did not follow protocol.
Conclusions: There is variability among clinicians in laboratory
utilization in acetaminophen overdose. Of patients developing
hepatoxicity, all had an elevation of LFTs on lab work at the rec-
ommended time, just prior to the scheduled conclusion of the
initial NAC protocol. Streamlining the administration of NAC and
providing a standard order set for laboratory evaluation for acet-
aminophen overdose may decrease costs and save the patient
from unnecessary phlebotomy.
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130. High-risk acetaminophen
overdose outcomes after treatment
with standard dose vs. increased dose
N-acetylcysteine

Michael Mossa, Brynne Hinchmanb, Joseph
Lambsonb, Taylor Rheinb, Julie Scottb, Paul
Hinckleyb, Sawyer Wylieb and Alyrene Doreya
aDepartment of Emergency Medicine, University of Utah; bUtah
Poison Control Center, College of Pharmacy, University of Utah

Background: Prompt N-acetylcysteine (NAC) treatment at stand-
ard doses is almost universally effective in preventing hepatotox-
icity after acetaminophen (APAP) overdose. However,
hepatotoxicity may occur despite early NAC treatment with
ingestions leading to APAP concentrations above 300mcg/mL at
4 hours. Prior studies evaluating increased dose NAC to treat
high-risk APAP ingestions have shown mixed results.
Methods: Records from a single poison center were reviewed
from 2017 to 2022. Cases of acute ingestion (over < 1 hr) of any
acetaminophen product treated with IV NAC were screened.
Inclusion criteria were an [APAP] plotting above the “300mcg/
ml” line on the Rumack-Matthew nomogram. Cases were
excluded if data were incomplete, time of ingestion was
unknown, NAC was started after 24h from ingestion, NAC ther-
apy was interrupted, or NAC treatment was incomplete or used
non-standardized dosing (e.g., combination of standard and
increased dose NAC at different times). Case demographics,
laboratory results, NAC dosing (standard vs increased), other
treatments, and outcomes were abstracted. Hepatotoxicity was
defined as an AST or ALT > 1000U/L and acute liver failure as
hepatotoxicity and an INR > 2. APAP ratio was defined as the
APAP concentration divided by the corresponding concentration
at the “150” line on the nomogram.
Results: 345 Cases met initial inclusion criteria. 155 were
excluded and 190 cases met all criteria for analysis. Median age
was 18 years (IQR 15–27) with 73% female. Reason for exposure
was suicide attempt in 98%. APAP ratio was 2–3 in 128, 3–4 in
29, and > 4 in 33 patients. 46% were treated within 8 h of inges-
tion. 56% received standard dose NAC while 44% received
increased dose NAC. Two patients received fomepizole, both in
the high-dose NAC group. No patient received hemodialysis.
Among patients treated within 8 h, 0/31 (0%) of standard dose
NAC and 1/56 (1.54%) of high-dose NAC patients developed hep-
atotoxicity. Among patients treated > 8 h from ingestion, 7/46
(13.2%) of standard dose and 18/31 (36.7%) of high-dose NAC
developed hepatotoxicity (OR 3.82 95% CI 1.43–10.21) and liver
failure occurred in 5/48 (9.4%) treated with standard dose NAC
and 11/38 (22.45%) treated with high-dose NAC (OR 2.78 95% CI
0.89–8.69). Rate of hepatotoxicity increased with increasing APAP
ratio: 2–3 (7%), 3–4 (13.8%), and > 4 (38.2%). No patient died or
received a liver transplant.
Conclusions: In this cohort of patients with high-risk APAP inges-
tions, hepatotoxicity was rare in all patients treated with NAC
within 8 h of ingestion regardless of NAC dose or APAP ratio.
Unexpectedly, treatment with increased dose NAC was associated
with increased odds of hepatoxicity in those treated after 8 h.
There was no difference in rates of liver failure between NAC
dose regimens. Hepatotoxicity occurred most often in patients
treated > 8 h from ingestion and with higher APAP ratios. As
hepatotoxicity is well known to occur with delays in NAC treat-
ment, larger studies, particularly with patients with APAP ratios
> 3 and NAC treatment within 8 h, are needed to determine if
high-dose NAC is beneficial in preventing hepatotoxicity in high-
risk APAP overdoses.
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131. Comparison of low-risk and high-
risk acetaminophen ingestions using
the standard prescott protocol of
intravenous N-acetylcysteine

Alexandru Ulici, Jon Cole, Travis Olives,
Rebecca Lange and Stacey Bangh
Minnesota Poison Control Center

Background: N-acetylcysteine (NAC) is the antidote to detoxify
acetaminophen (APAP) intoxications and is most commonly
administered as a continuous IV infusion. Acute APAP intoxica-
tions are treated with the standard Prescott NAC protocol
(300mg/kg IV as three separate infusions over 21 hours) if the
appropriately drawn serum APAP concentrations [APAP] are
above the 150mcg/mL-treatment line on the Rumack-Matthew
nomogram. Recent data and clinical guidelines have suggested
that the third infusion of the Prescott Protocol should be doubled
(200mg/kg over 16hours) if [APAP] is above the 300mcg/mL
treatment line. The purpose of this project is to compare the rate
of hepatotoxicity, defined as maximum AST > 1000, post-APAP
intoxication using the standard NAC Prescott Protocol dosing
strategy for “low” and “high” risk cases using our poison center
(PC) historical data. High risk cases are defined as [APAP] greater
than the “300-line” using the Rumack-Matthew nomogram.
Methods: This is a retrospective chart study of single-substance
acetaminophen ingestions from a PC. Our PC’s electronic data-
base (ToxicallV

R

) was queried for single-substance acute APAP
ingestions treated with IV NAC from 1 April 2015 to 31 December
2017. These dates were chosen because at the start of 2018, our
PC began recommending doubling of the 16-hour 100mg/kg
NAC infusion. Patients were included if they had documented
time of ingestion as well as [APAP] and had recorded transami-
nases (AST/ALT). The primary outcome was comparing the rate of
cases with maximum AST above 1000 for high-risk and low-risk
cases. Descriptive statistics were used for analysis.
Results: A total of 476 single-ingredient APAP cases were identi-
fied that received IV NAC and had documented times of ingestion,
311 of which met all inclusion criteria with 79 (25.4%) patients
meeting high-risk criteria. Median ingested amount was 20g
(n ¼ 186, IQR 12.6–30). Most patients were female (75.6%); median
age was 18 years (IQR 15–24, Range 0.8–95). Intentional suspected
suicide was the reason for exposure in 94.2% of cases. No patients
died. Hepatotoxicity was more common (11.4%) in high-risk
patients (i.e., above the 300-line) treated with standard Prescott
Protocol NAC than in lower risk patients (4.3%; i.e., those between
the 150 and 300-lines; P ¼ 0.02). Major effects were more common
in high-risk patients (10.1%) than in low-risk patients (3.4%; P ¼

0.02), as were moderate effects, 17.7 versus 9.9% (P < 0.05),
respectively. The maximum AST was higher (median 25, IQR 17–68)
in high-risk cases compared to low-risk cases (median 18, IQR 14-
29, P ¼ 0.000, z ¼ �4.121). Additional IV NAC after the initial
standard Prescott Protocol was administered in 44.3% of high-risk
cases compared to 11.6% of low-risk cases.
Conclusions: With the standard Prescott protocol dosing of IV
NAC recommended by our PC, we found a higher incidence of
major and moderate effects, a larger proportion of maximum AST
> 1000 as well as an increase in the requirement of additional IV
NAC treatment in high-risk cases. Future comparisons to groups
that received double-dose NAC should be investigated.
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132. N-acetylcysteine dosing in a
patient with acetaminophen-induced
acute liver failure undergoing
plasmapheresis: an emerging
challenge

Shawn Luo, Mary Wermuth and Louise Kao
Indiana University

Background: Plasmapheresis (PLEX) is increasingly utilized as a
salvage therapy in patients with acute liver failure, including
those after acetaminophen (APAP) overdose. Very limited data
exist on its effect on N-acetylcysteine (NAC) clearance, which
brings additional challenges to managing NAC dosing.
Case report: 18 year-old female history of anxiety and depres-
sion presents 18hours after intentional acetaminophen ingestion
�35g. found to have APAP 187mcg/mL, AST/ALT 176/170U/L,
INR 1.34. High dose NAC and fomepizole initiated. Later that day,
she developed worsening transaminitis 1029/1009U/L, hypother-
mia, severe acidosis pH 6.9, bicarb 8mmol/L, lactate 10mmol/L,
ammonia 68 umol/L. She received fluid resuscitation and bicar-
bonate infusion and was transferred to a liver transplant center.
On day 2 post-ingestion, she developed fulminant liver failure
with shock, grade III hepatic encephalopathy (ammonia 544
umol/L), coagulopathy (INR > 10), and oliguric AKI requiring
CVVHD. The patient was deemed not a transplant candidate due
to psychosocial risk. She was started on plasma exchange (�3L
of plasma were removed and replaced with �3L of FFP on each
daily session) for three days to improve transplant-free survival.
Empirically she was given 75mg/kg NAC re-bolus after each
PLEX session in addition to continuing NAC infusion at 12.5mg/
kg/h. On post-ingestion day 3, the patient reached peak AST/ALT
9360/8380U/L. On day 6, the patient's LFT, acidosis and enceph-
alopathy all significantly improved. On day 8, she was weaned
off pressors & CVVHD, transitioned to iHD for an additional week
until renal recovery occurred. Her hospital course was compli-
cated by mild pancreatitis and RLL PNA but eventually
transferred to inpatient psychiatry on day 20. Her liver biopsy
2 months after ingestion revealed regenerative nodules in the
background of parenchymal collapse suggestive of post-submas-
sive necrosis and extensive cholestasis which are expected to
continue to resolve. Ascites and non-bleeding esophageal varices
both resolved within 3 months and she continued to do well
outpatient.
Discussion: While the pharmacokinetics of NAC in renal replace-
ment therapy has been well studied, little is known about the
change in NAC clearance with PLEX. Recent evidence suggests
that PLEX may increase transplant-free survival in patients with
acute liver failure and it is increasingly utilized. Based on known
pharmacokinetics of NAC including protein-binding of 66–87%
and each of patient’s PLEX session removed 4L of plasma, we
postulated that each PLEX session removes about three times
more NAC compared to a standard 4-hour HD session, and empir-
ically administered 75mg/kg NAC bolus after each PLEX session.
Our patient ended up having a good outcome. A major limitation
of the study is the lack of pre-and-post PLEX NAC level.
Conclusions: Plasmaphresis as an emerging supportive therapy
for acute liver failure brings additional challenges to N-acetylcys-
teine doing. Additional pharmacokinetic study of N-acetylcysteine
during plasmaphresis is needed.
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133. Frequency and types of errors
involved in the use of a modified
one-bag 3% intravenous
N-acetylcysteine protocol for
acetaminophen overdose

Constance Mackenziea, Jahaan Alia and
Margaret Thompsonb
aWestern University; bUniversity of Toronto

Background: Acetaminophen overdose is a leading cause of acute
liver failure in developing countries. N-acetylcysteine (NAC) is a
highly effective antidote for acetaminophen hepatotoxicity; how-
ever, errors in NAC administration can be associated with morbidity
and rarely death. Due to a known high rate of errors with the
standard 3-bag IV NAC protocol, in 2019, our regional Poison
Centre changed to a modified one-bag 3% IV NAC protocol. Since
there is little data regarding the rate of errors using this protocol,
this study was undertaken to determine the frequency and types
of errors associated with this one-bag 3% IV NAC protocol.
Methods: Data were gathered via retrospective chart review of
Poison Centre cases identified as receiving IV NAC for acetamino-
phen overdose between 1 August and 30 September 2022. 220
total charts were identified, and 188 were deemed eligible based
on inclusion and exclusion criteria. Additionally, cases identified
with known NAC overdose errors with the new protocol between
2019 and 2023 were reviewed to identify a threshold dose for
adverse effects from NAC overdose.
Results: The total error rate was 25%, consisting of dosing errors
found in 11.7% of charts, stopping errors 9.0%, initiation errors
3.7%, and interruptions in therapy in 3.2%. Dosing errors were
the most common type of error (44.4%), with overdoses occur-
ring three-times more than underdoses. Clinical outcomes were
compared between charts with and without errors. Severe out-
comes in cases with known NAC overdoses were rare over the 4
year period, however, included confusion, seizure, cerebral
edema, hemolysis, ventricular tachycardia, and one death.
Conclusions: The rate of errors identified with this one-bag 3%
IV NAC protocol is lower than reported for the 21-hour 3-bag IV
NAC protocol, but remains high due to dosing errors. Although
severe outcomes are rare, IV NAC overdose can be fatal. Further
evaluation into the factors contributing to error and enhanced
education for medical providers is needed to minimize adminis-
tration errors.
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134. Pediatric intravenous
acetaminophen overdoses reported in
the Toxicology Investigators
Consortium (ToxIC) Registry

Jessica Winkelsa, Michael Mullinsa, David Lissa,
Sabrina Kaplanb and on behalf of the Toxicology
Investigators Consortium (ToxIC)
aWashington University in St. Louis; bRocky Mountain Poison and
Drug Safety

Background: Despite recent case reports of pediatric intravenous
(IV) acetaminophen (APAP) overdoses, there remains no clear
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consensus on the assessment and management of these
patients. Since IV acetaminophen is available in a 100mL vial of
10mg/mL solution, there is a risk of dosing error when a child
receives the entire 1000mg from a single vial. Some have sug-
gested empiric treatment with N-acetylcysteine (NAC) in pediatric
patients who receive an IV APAP dose greater than 60mg/kg,
whereas others (including the manufacturer) recommend obtain-
ing an APAP concentration ([APAP]) at 4 hours (or as soon as
possible after 4 hours) and subsequently treating with NAC per
the Rumack-Matthew nomogram. In this case series, we analyzed
recent pediatric IV APAP overdose cases submitted to the
Toxicology Investigator’s Consortium (ToxIC) registry to study
their key features and treatment by medical toxicologists.
Case series: We queried the ToxIC registry for pediatric IV APAP
overdoses cases from 1 January 2017 to 31 December 2022. Five
cases met these criteria. The median age was 13 months (range
from 2 weeks to 4 years), and four patients were under two years
of age. Additionally, we had specific APAP doses for four patients.
Three patients were treated with NAC. One patient received
1000mg (78mg/kg) of APAP – this patient had a 4-hour [APAP] of
21mcg/mL and an AST of 61 IU/L. The patient received NAC after
repeat AST was 86 IU/L (highest observed) with a normal ALT four
hours later. Another patient received 1000mg APAP (unknown
mg/kg) with no reported [APAP] nor elevations in AST or ALT. One
patient received NAC following an unknown dose of APAP with
AST reported as “greater than 1000 IU/L” but no reported ALT ele-
vation. Two patients with APAP doses of 20mg/kg and 60mg/kg
did not receive NAC and had no reported transaminase elevations.
All patients survived to hospital discharge.
Discussion: We question the necessity of NAC in the three
patients who received it. In this case series, all who received NAC
were below the treatment threshold on the Rumack-Matthew
nomogram or did not have an [APAP] measurement available at
the time of treatment with NAC. Only one patient had a reported
AST above 1000 IU/L, but the absence of concomitant ALT eleva-
tion suggests that this was unlikely due to APAP toxicity. At least
two patients received the entire 1000mg vial of APAP (10mg/
mL). This likely reflects confusion with the intended dose of
10mg/kg. Among pediatric medication errors, ten-fold errors
remain notoriously common. Each 10mL vial contains a 10mg/
kg dose for a 100 kg adult. Reformulation in smaller volume or
lower concentration may prevent future pediatric IV APAP
overdoses.
Conclusions: Treatment of pediatric IV acetaminophen overdoses
by medical toxicologists in this case series varied substantially.
Empiric treatment with NAC is likely unnecessary unless the
[APAP] exceeds the treatment line.
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135. Increased acetylcysteine dosing
in early, acute massive
acetaminophen ingestion has minimal
impact on patient outcomes

Nicole McElroya, Patrick Filkinsa, Stephanie Hona and
Joseph Carpenterb
aGeorgia Poison Center/Grady Health System; bDepartment of
Emergency Medicine, Emory School of Medicine

Background: Recent literature suggests standard intravenous (IV)
N-acetylcysteine (NAC) dosing inadequately prevents hepatotox-
icity in massive acetaminophen (APAP) overdose, even with
timely initiation. Thus, for such cases it has been recommended
to provide increased NAC dosing—two- to four-times the

standard 16-hour NAC infusion rate—to sufficiently neutralize
APAP’s toxic metabolite.
Methods: This is a single poison center retrospective study of
patients with acute, massive APAP overdose (APAP concentration
�300mcg/mL at 4 hours post-ingestion) treated with IV NAC
between 1 January 2017, and 31 December 2022. Single-sub-
stance ingestion cases having initial APAP concentration(s) col-
lected within 8 hours post-ingestion were included. Non-acute
ingestions, cases with unknown exposure time, and patients with
baseline aspartate aminotransferase (AST)/alanine aminotransfer-
ase (ALT) levels > 100U/L were excluded. Extracted data
included demographics, exposure details, lab values, clinical
effects, therapies, and medical outcome. Four-hour APAP concen-
trations were back extrapolated via pharmacokinetic calculation
for cases in which a concentration was obtained 4-8 hours post-
ingestion. A four-hour half-life was assumed. The primary object-
ive was to determine the impact of increased NAC dosing on
incidence of hepatotoxicity (AST/ALT > 1000U/L) in an early pre-
senting, massive APAP overdose population.
Results: A total of 85 cases met study criteria for evaluation, 24
of which were treated with increased NAC dosing (range:
9.375–15mg/kg/hour 16-hour infusions). Four-hour APAP
concentrations were back extrapolated in 69 (81%) cases. The
median four-hour concentration was 418.2mcg/mL (IQR
338.2–440.4mcg/mL), and the average time to NAC initiation
(n ¼ 75) was 6.8 (±2.26 SD) hours post-ingestion. There was no
difference in the incidence of hepatotoxicity between standard
versus increased dosing. When adjusted for time to NAC initi-
ation, four-hour APAP concentration, and age, there was no dif-
ference in number of serious outcomes or number of repeat 16-
hour NAC infusions. Three cases developed hepatotoxicity (four-
hour APAP concentrations: 336.6, 347, 545.6mcg/mL); all were
treated with standard NAC dosing.
Conclusions: In this study of patients presenting with early mas-
sive APAP overdose, increased NAC dosing did not have a statis-
tically significant impact on development of hepatotoxicity.
Additionally, there was no difference in duration of NAC therapy
(number of repeat 16-hour infusions) between treatment groups.
However, consistent with previous reports, a small proportion of
patients in this study developed hepatotoxicity despite timely,
standard NAC treatment (3/61, 4.9%). While not statistically sig-
nificant, the clinical significance of this finding is appreciable.
Limitations most notably include small sample size as well as dis-
proportionate treatment groups, the large percentage of extrapo-
lated four-hour levels, and variability in poison center chart
details. Larger, prospective studies are needed to further describe
the utility of increased NAC dosing for massive APAP overdose.
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136. Distinguishing repeated supra-
therapeutic (RST) and acute
acetaminophen exposures using a
decision tree algorithm: a pilot study
based on the National Poison Data
System

Omid Mehrpoura, Christopher Hoyteb, Samaneh
Nakhaeec, Bruno Megarbaned,e and Foster Gossf
aMichigan Poison & Drug Information Center, Wayne State
University School of Medicine, Detroit, MI, USA; bSchool of
Medicine, University of Colorado, Aurora, CO, USA; cMedical
Toxicology and Drug Abuse Research Center (MTDRC), Birjand
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University of Medical Sciences; dDepartment of Medical and
Toxicological Critical Care, Lariboisi�ere Hospital; eINSERM UMRS-
1144; fDepartment of Emergency Medicine, University of Colorado
School of Medicine, Aurora, CO, USA

Background: This study aimed to compare clinical and labora-
tory characteristics of supra-therapeutic (RST) and acute acet-
aminophen exposures using a predictive decision tree (DT)
algorithm.
Methods: We conducted a retrospective cohort study using the
National Poison Data System (NPDS). All patients with RST acet-
aminophen exposure (n ¼ 4,522) between January 2012 and
December 2017 were included. Additionally, 4,522 randomly
selected acute acetaminophen ingestion cases were included.
After that, the DT machine learning algorithm was applied to dif-
ferentiate acute acetaminophen exposure from supratherapeutic
exposures.
Results: The DT model had accuracy, precision, recall, and F1-
scores of 0.75, respectively. The DT model produced in this study
was 29 nodes in size, with 17 leaves and four levels. Age was the
most relevant variable in predicting the type of acetaminophen
exposure, whether RST or acute. Serum aminotransferase concen-
trations, abdominal pain, drowsiness/lethargy, and nausea/vomit-
ing were the other most important factors distinguishing
between RST and acute acetaminophen exposure.
Conclusions: DT models can potentially aid in distinguishing
between acute and RSTI of acetaminophen. Further validation is
needed to assess the clinical utility of this model.
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137. Consensus-based
recommendations for the out-of-
hospital management of
acetaminophen poisoning in the
United States and Canada

Evelyn Fox, Alicia Dalton and North American
Consensus Guidelines for Acetaminophen Poisoning
(NAC-GAP) Panel
Rocky Mountain Poison and Drug Safety

Background: Acetaminophen overdose is the leading cause of
acute liver injury and acute liver failure in the United States (US)
and Canada, despite effective antidotal treatment with acetylcys-
teine and aggressive supportive care. This underscores the
importance of quick and accurate triage in the out-of-hospital
(OOH) setting. Consensus guidelines for the OOH management
of acetaminophen overdose were published in 2006. In response
to expanding knowledge, the NAC-GAP consensus panel devel-
oped updated OOH patient management guidelines.
Methods: Information regarding the OOH management of acet-
aminophen overdose was obtained from regional poison centers
(RPCs), medical toxicology fellowships, commercial vendors, med-
ical literature, and professional organizations such as America’s
Poison Centers (APC), the American Academy of Clinical
Toxicology (AACT), American College of Medical Toxicology
(ACMT), and the Canadian Association for Poison Centres and
Clinical Toxicology (CAPCCT). A panel of experts was chosen by
APC, AACT, ACMT, and CAPCCT. A modified Delphi consensus
methodology was utilized to present statements regarding each
element of OOH patient management to panel members, who
considered relevant literature and current guidelines in voting

agree, disagree, or strongly disagree for each statement.
Consensus was defined as 75% of the panel voting agree with
none voting strongly disagree. Statements that did not reach con-
sensus were iteratively revised based on panel discussions and
re-voted on until consensus could be reached.
Results: The panel developed a comprehensive guideline for the
OOH management of acetaminophen overdose for use by pro-
viders in the US and Canada. The main objective of the guideline
is to provide a standard framework for RPCs to determine when
to refer patients with suspected acetaminophen overdose to the
emergency department (ED). This guideline encompasses acute
and repeated supratherapeutic ingestion (RSTI) patterns, with
acute ingestion defined as a presentation between 4 and
24hours after acetaminophen ingestion. After determining the
reliability and accuracy of the history available, patients with an
unreliable history should be referred to the ED regardless of
reported dose or intent. All patients reporting intentional self-
harm or malicious intent, or those with symptoms of acetamino-
phen poisoning (i.e., repeated vomiting, right upper quadrant
abdominal tenderness, or mental status changes), should be
referred to the ED. For patients with a reliable history and with-
out self-harm or malicious intent, the decision to refer is based
on reported ingestion amount. Patients with an acute ingestion
of > 200mg/kg are referred to the ED. RSTI ingestions of
> 200mg/kg over 24 hours, OR > 150mg/kg/24hours over the
preceding 48hours, OR > 100mg/kg/24hours over more than
48hours, are referred to the ED. Providers are recommended to
seek poison center or clinical toxicology guidance for compli-
cated scenarios.
Conclusions: An expert multidisciplinary group reviewed the lit-
erature and clinical practices and developed consensus guide-
lines for the OOH management of acetaminophen overdose.
Next steps should include assessment of implementation and
utility of the guidelines in real-world settings. Future work to
improve patient outcomes should include refining techniques for
accurate history-taking in poisoned patients and streamlining the
ED referral triage process.
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138. Acetaminophen-induced renal
failure requiring CRRT in an
adolescent

Neelou Tabatabaia, Andrew Millerb and
Christine Murphyb
aDepartment of Emergency Medicine; UNC Health Southeastern;
bDepartment of Emergency Medicine, Division of Medical
Toxicology, Atrium Health's Carolinas Medical Center

Background: Acetaminophen is an over-the-counter medication
frequently used by adolescents in overdose. While there is a
large body of literature describing acetaminophen-related hep-
atic injury, our understanding of extrahepatic effects, like
nephrotoxicity, is very limited. There are reports describing ado-
lescents developing acetaminophen-related renal toxicity due to
acute tubular necrosis in the literature but very few of these
patients ultimately required renal replacement therapy (RRT).
We report a case of an adolescent whose renal failure pro-
gressed after clinical improvement of her hepatic injury necessi-
tating RRT.
Case report: A 14-year-old female presented to the Emergency
Department (ED) for abdominal pain, nausea, and vomiting. On
arrival, she was hemodynamically s. A CBC was normal, however
additional laboratory testing revealed a serum bicarbonate level
of 17mmol/L, creatinine 1.63mg/dL, total bilirubin 1.1mg/dL,
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AST 428U/L, ALT 318U/L, and INR of 1.5. Urine drug screening
was negative; salicylate and ethanol levels were undetectable.
Initial acetaminophen level was 85.5 ug/mL. An EKG obtained
shortly after arrival demonstrated sinus rhythm with normal inter-
vals. The patient ultimately admitted taking 10,000mg of acet-
aminophen several hours prior to ED arrival. N-acetylcysteine
(NAC) was started, and she was subsequently transferred to a ter-
tiary care facility. She developed hepatic failure with ALT/AST lev-
els peaking at > 5000U/L/ > 1000U/L on hospital day (HD) 2.
On HD 3 her INR peaked at 9.4 and ammonia at 156 umol/L. She
continued to receive NAC and was given 3 doses of 10mg vita-
min K on HD 3. Her coagulopathy and hyperammonemia
improved over 24hours. However, she subsequently became
anuric and developed acute renal failure. Her creatinine peaked
at 8.76 on HD 6 and CVVHD was started at that time. A neutro-
phil gelatinase-associated lipocalin (NGAL) was noted to be
639ng/mL on HD 7 and peaked at 747ng/mL on HD 8. CVVHD
was discontinued on HD 9 and her creatinine improved to
1.19mg/dL on HD 19. She was discharged to a psychiatric facility
for further management. An extensive environmental history and
detailed list of all medications in the home, vitamins, and supple-
ments was obtained and no other etiology of the patient’s renal
failure was identified. Medications in the home included, dextro-
methorphan, guaifenesin, phenylephrine, cetirizine, aspirin, albu-
terol, fluticasone, topiramate, and apple cider vinegar gummies.
Discussion: Acetaminophen-related nephrotoxicity occurs in 1%
of the adult population and 8.9% of 12–18 year olds with severe
overdose. In previously published reports of acetaminophen-
induced renal failure, renal replacement is rarely indicated. The
pathophysiology behind acetaminophen-induced nephrotoxicity
has not been fully elucidated and the relationship with acet-
aminophen dosage and nephrotoxicity is unknown. Existing lit-
erature suggests NAC doesn’t prevent nephrotoxicity, and there
are no large scale studies evaluating the benefit of NAC once
nephrotoxicity develops.
Conclusions: Nephrotoxicity is a rare but serious complication of
acetaminophen overdose. Further research evaluating the patho-
physiology of and impact of NAC once nephrotoxicity develops
is needed.
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139. Treatment of
methemoglobinemia due to
acetaminophen toxicosis with or
without N-acetylcysteine in cats: 18
cases (2002–2022)

Laura Stern and Tina Wismer
ASPCA Animal Poison Control Center

Background: Acetaminophen (APAP) is an analgesic and antipyr-
etic. Acetaminophen exposures represent a common call to both
human and animal poison control centers. Both humans and cats
can develop centrilobular liver necrosis as a result of acetamino-
phen toxicosis, though it is rare in cats. N-acetylcysteine (NAC) is
commonly used as an antidote for APAP overdose-induced hep-
atotoxicity in humans and cats by ensuring adequate glutathione
levels in the liver and, when sulfation and glucuronidation path-
ways have been overwhelmed, providing alternative conjugation
for the toxic metabolite N-acetyl-p-benzoquinone imine (NAPQI).
In cats, the most prominent feature of acetaminophen overdo-
sages is methemoglobinemia. Methemoglobinemia is theorized
to develop in cats due to the deacetylation of acetaminophen to
para-aminophenol (PAP). In rodents, PAP undergoes n-acetylation

and is excreted in the bile. Cats lack the enzymes to effectively
catalyze this reaction. N-acetyltransferase 1 is functional but very
slow and N-acetyltransferase 2 is absent. Therefore, PAP accumu-
lates and can reduce hemoglobin to methemoglobin.
Additionally, cats are more likely to develop methemoglobinemia
as they have six reactive sulfhydryl groups on their red blood
cells, while humans only have two. Treatment of methemoglo-
binemia in cats exposed to acetaminophen consists of NAC, sup-
plemental oxygen, and supportive care.
Methods: The AnToxTM poison control database was queried for
acetaminophen cases between 1 January 2002 and 31 December
2022. Cases were limited to cat exposures to acetaminophen
only (no other exposures or agents with multiple active ingre-
dients) with a known outcome, complete medical record, and
clinical signs assessed as high or medium likelihood of being
related to the acetaminophen exposure.
Results: 18 unique cases were identified that fit the selection cri-
teria. 7/18 (38.9%) of the patients died or were euthanized due
to poor prognosis. 11/18 (61.1%) of patients made a full recovery.
7/7 of the non-survivors and 10/11 (90.9%) of the survivors
developed methemoglobinemia. 11/11 (100%) of the survivors
received NAC, while 4/7 (57.1%) of non-survivors received NAC.
One non-survivor received NAC for 24 hours instead of the rec-
ommended 72hours. The methemoglobinemia reportedly
resolved with the administration of NAC but recurred after the
discontinuation of NAC. The dosage of APAP ingested was higher
in the non-survivor group (160.3mg/kg) compared to the sur-
vivor group (130.2mg/kg). The average dosage is higher for the
non-survivor group; however, patients in both groups were at
high risk for the development of methemoglobinemia, so that
does not appear to be a significant confounding factor.
Administration of NAC appears to be associated with positive
outcomes for the cases. NAC is a glutathione precursor and in
cats has been effective at reducing methemoglobin formed by
increased PAP concentrations back to hemoglobin.
Conclusions: Methemoglobinemia is a very common complica-
tion to acetaminophen toxicosis in cats due to their inability to
efficiently metabolize and excrete PAP and exacerbated by their
inability to glucuronidate acetaminophen. All cats exposed to
acetaminophen should be monitored for methemoglobinemia.
NAC administration is key to the successful management of acet-
aminophen intoxication in cats.
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140. Poster titles at NACCT
2013–2022: is NACCT experiencing a
pun-demic?

Laskey Daynea, Elizabeth Silverb,
Tony Rianprakaisangc and Matthew Griswoldd
aUSJ; bKansas Poison Center; cUniversity of Kansas Medical Center;
dHartford Hospital

Background: Puns have become commonplace at the American
Academy of Clinical Toxicology. Webinars, continuing education,
oral presentations, and posters appear to be increasingly using
clever titles to garner intrigue. Has it always been this way, or
are clinical toxicology puns an abstract fashion trend? This pro-
ject sought to determine whether so-called “punny” titles are a
growing practice among abstracts accepted at the North
American Congress of Clinical Toxicology (NACCT) over the past
ten years.
Methods: A punny title was defined a priori as one that contains
any form of deliberate wordplay. Wordplay was identified as one
or more of the following: homophones (ex. “You’ve got a NAC
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for this”), rhymes (ex. “All Set Without Chemet: Treating Lead
Toxicity during a Succimer Shortage”), alliteration (ex. “Pain
Pump Predicament”), double entendres (ex. “A Relaxing Trend:
Muscle Relaxant Exposures Reported to NPDS”), idioms (ex.
“Biting the Bullet: A Case of Lead Ingestion”), or hyperbole (ex.
“CNS Explosion: A Case of C4 Ingestion”). NACCT abstracts pub-
lished in Clinical Toxicology between 2013 and 2022 were
reviewed for punny titles and entered into a database in dupli-
cate by three data abstractors. Titles unanimously considered
punny were accepted. Discrepancies were resolved by an inde-
pendent adjudicator. All four pun-dits were practicing clinical
and medical toxicologists. Descriptive statistics were calculated
and Chi-Square tests were utilized to determine P-values.
Results: Of all published NACCT abstracts between 2013 and
2023 (n ¼ 3,000), 260 (8.7%) had punny titles. 2022 was the pun-
niest year (39 of 312, 12.5%) whereas 2014 had the fewest word-
play titles (18 of 290, 6.2%) (P< 0.01). A nonsignificant trend
towards increasing punniness was observed in the most recent
five years compared to the previous five years, with 147 of 1529
(9.6%) containing puns in 2018–2023 compared to 113 of 1471
(7.7%) in 2013–2017 (P ¼ 0.06). A trendline for all ten years
showed a weak correlation with R2 ¼ 0.42. Puns were reviewed
post-hoc for originality to determine whether any joke became
recycled over the ten years studied. No pun in ten did.
Conclusions: This study cohort was limited to published
abstracts. In a given year, members of the NACCT abstract review
committee may have influenced the number of punny titles
accepted based on their pun appreciation. Future studies should
compare accepted titles to all submitted titles to determine
whether use of puns influences the rate of abstract acceptance.
Wordplay plays a significant role in abstract titles at NACCT,
though rate of punniness varies from year to year. At a confer-
ence where the dose makes the poison, a little bit of toxic
humor can go a long way in generating a "pun" of laughter.
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141. Use of location data targeting to
grow awareness of the poison help
line in low utilizers

Mike McCormick
Florida Poison Information Center – Jacksonville/USVI

Background: Our Poison Center provides emergency and infor-
mational call center services for poisonings in a US Territory. In
2021, nearly .75% of our home state callers used the Poison Help
line while less than 0.02% of the territory callers took advantage
of the service. Additionally, in our state, nearly 70% of the calls
originated from the home and nearly 25% originated from health
care workers. This pattern was reversed for calls from the terri-
tory. While there are multiple possible reasons to explain the low
utilization of the Poison Help line by territory residents, lack of
awareness of the service was considered a major contributing
factor. Media consumption on the US territory is different than in
traditional US markets, which makes growing awareness by trad-
itional marketing avenues difficult. Our objective was to improve
awareness of the Poison Help line in the territory. A low-cost
digital advertising campaign (nearly $3,000) was implemented,
sending a Poison Help virtual contact file (vCards) to smart-
phones through geotargeting and geofencing technology.
Methods: In August of 2022, we contracted with a digital mar-
keting company to target Poison Center advertising to specific
Facebook and website users in the territory based on smart-
phone user location and demographics. Geofencing was used to
target users located in the territory and geotargeting was used

to identify women > 18 years of age caring for children/grand-
children. This demographic population was targeted based on
previous research showing females make the majority of house-
hold medical decisions. The advertising campaign period was
from August to October 2022. The advertising contained a link
to the USVI Poison Control website where users could then
download a Poison Help line vCard directly to their smart phone
contacts. Additionally, the advertising contained cookies which
facilitated tracking of users as they navigated to various websites.
The advertising on these websites were then re-targeted to pri-
oritize Poison Center messaging. The campaign was augmented
with traditional radio advertising promoting the Poison Center
and the Poison Help line. The advertisements impressions and
“Click through rates” were collected. A click through is counted
every time a user clicks the ad and is linked to additional con-
tent. The national average click through rate is 0.06%.
Results: The campaign on the user’s Facebook pages had 649,365
impressions with a click through rate of 0.55%. The website adver-
tising generated an additional 60,484 impressions with a click
through rate of 0.18%. The campaign generated 12,000 user visits
to the Poison Center territory website. We also served 1,875 radio
ads across 5 stations during the campaign period.
Conclusions: We describe a non-traditional approach to poison
center advertisement that led to a click through rate better than
the national average. While the data is based only on a 3-month
campaign without comparison data, our results are promising.
Further investigation on the impacts of geo-targeting and geo-
fencing as part of poison center advertising should be conducted.
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142. Incidence of seizure activity on
electroencephalogram in patients
presenting with toxic ingestion

Lynne Rosenberga, Lesley Pepinb and
Christopher Hoyteb
aDepartment of Internal Medicine, University of Colorado; bRocky
Mountain Poison and Drug Safety

Background: Seizure is a common reported effect of toxicologic
exposures. Standard medical management of seizure often
involves electroencephalogram (EEG) monitoring. As the majority
of toxicologic seizures are described as self-limited and clinically
evident, the utility of EEG in these cases is not clear. Appropriate
use of diagnostics not only influences patient care, but has large
financial implications, as many patients require transfer for speci-
alized monitoring. We hypothesized that patients presenting
with toxic ingestions or exposures have a low incidence of seiz-
ure on EEG. Therefore, the purpose of this study was to charac-
terize patients that had epileptiform discharges on EEG after a
toxicologic presentation.
Methods: We performed a retrospective chart review at an urban
teaching hospital from 1 June 2016 through 31 December 2022.
Patients > / ¼ 18 years presenting after toxicologic exposure were
identified by International Classification of Diseases, tenth revision
codes (T35–65, G92.8, G92.9, G93.4, E950–E952, E958–E959) in con-
junction with toxicology consult. We extracted demographics, infor-
mation regarding initial presentation, and data from hospitalization
including level of care, laboratory results, procedures, medications
administered, and ultimate disposition. We defined findings of
interest on EEG as epileptiform discharges consistent with seizure
activity. We performed a descriptive statistical analysis, including
further characterization of patients with EEG findings.
Results: We identified 809 patients and 100 (12%) underwent
EEG. Patients with EEG had an increased length of stay (LOS)
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compared to those who did not undergo EEG (median 166hours
[IQR:82.5–298.5] versus 59hours [IQR:33.8–108.3], P < 0.01).
Further, these patients had a higher admission rate (99 versus
90%, P< 0.01). Eight percent of patients with EEG had epilepti-
form discharges. Patients with concern for seizure on EEG had an
increased LOS compared to patients without findings of interest
on EEG (median 676.5 hours [IQR:145.74–954.5] vs. 164.5 hours
[IQR:78.5–261.25], P ¼ 0.18). Of the eight patients with findings
of seizure activity on EEG, the most common seizure type was
myoclonic jerking (n ¼ 3), followed by generalized tonic clonic (n
¼ 2) and nonconvulsive status epilepticus (n ¼ 2). Five of the
eight patients had clinically apparent seizures. Only two of these
eight patients had reported seizures directly prior to admission.
All eight patients were admitted to intensive care units received
neurology consultation. Five patients had a lumbar puncture,
four of which were unremarkable; the final patient had positive
N-Methyl-D-Aspartate antibodies. Six of these patients survived
to discharge; five of whom were discharged on anti-epileptic
drugs (AEDs).
Conclusions: EEG use was high. Among cases receiving EEG
monitoring, clinically non-apparent seizures were identified in
3%, suggesting EEG is seldom critical. There is little current data
to support the need for AEDs following toxicologic-seizures, how-
ever nearly all surviving patients with epileptiform discharges on
EEG received AED prescription at discharge. Limitations include
our sample size and data from only a single-institution. Future
research could include a cost analysis and eventual development
of scoring criteria to determine the need for EEG.
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143. Analysis of changing pediatric
case volume reported to America’s
Poison Centers

Amy Deitchea, Neeraj Chhabrab and Michael Wahla
aIllinois Poison Center; bUniversity of Illinois Chicago

Background: Pediatric cases reported to US poison centers from
both the home and healthcare settings for children aged five
and under have been decreasing for over a decade. This study
seeks to characterize national poisoning trends for children ages
5 years and younger with regard to the most common substance
exposures and medical outcomes of all the cases utilizing the
National Poison Data System (NPDS) which is a voluntary report-
ing system from phone-based reports to America’s Poison
Centers.
Methods: The NPDS was queried to identify all single or multi-
substance exposures in children 5 years old and younger for the
ten-year period 2013–2022. Data extracted and analyzed included
substance categories, level of care, medical outcomes, and
disposition.
Results: Pediatric exposures reported in NPDS decreased by
223,811 (21%) from 2013 to 2022, with the top 11 substances
making up 69% of the decrease in cases. The majority of the
case volume loss was in children 1 and 2 years of age (76% of
the total decrease). The top 5 substance categories with the larg-
est decrease over the study period were topical preparations
(47%), cosmetics/personal care products (46%), foreign bodies/
toys/miscellaneous (24%), analgesics (22%), and cleaning substan-
ces (22%). Cases that were managed on-site decreased by (22%),
while calls from a healthcare facility experienced a similar
decrease (20%) as well. There was a 14% decrease in admissions
to the hospital. Over the last decade, the number of cases
reported to poison control centers for children under five years
old has declined by 21%. The cases reported from home and

HCF had similar declines. The long term decrease in pediatric
cases reported in NPDS may be multi-factorial and may be attrib-
uted to public education on harmful substances, better safety
regulations, and increasing access to non-telephone based infor-
mation sources including the internet. From a regulatory stand-
point, the availability of childproof caps, safety latches, and other
safety measures has been instrumental in reducing the number
of exposures. As parents and caregivers become more educated
on the risks and hazards associated with certain substances, they
may be more likely to take appropriate preventative measures to
create a poison proof home. In the event of an exposure in the
home, the use of smartphones that can facilitate internet search
based answers for common non-toxic and minimally toxic expo-
sures and preventing the need to call a poison center or go to
the emergency department.
Conclusions: Phone-based reports in NPDS on pediatric poison
exposures have decreased by 21% from 2013 to 2022. The most
common substances account for almost 70% of the volume loss
and most are considered non to minimally toxic in the amounts
common in exploratory exposures in children ages 0–5 years of
age. Poison centers should continue to provide poison preven-
tion education to decrease exposures, but should also look to
provide information to the public in non-traditional ways that do
not utilize the phone.
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144. Characterization of toxicity and
outcomes secondary to lemborexant
ingestions reported to the National
Poison Data System, 2020 to 2022

Jonathan Beattya, Nena Bowmana and Varun Vohrab
aLipscomb University College of Pharmacy; bMichigan Poison &
Drug Information Center

Background: Lemborexant is a novel dual orexin receptor antag-
onist approved by the United States (US) Food and Drug
Administration in 2019 for adult insomnia. It selectively blocks
orexin-A and orexin-B neuropeptide binding to OX1R and OX2R,
respectively, in the lateral hypothalamus. Receptor antagonism
inhibits the signaling pathway promoting wakefulness and
arousal, resulting in decreased wakefulness and increased sleep.
This study characterizes the toxicity and outcomes associated
with lemborexant ingestions reported to the US National Poison
Data System (NPDS).
Methods: This retrospective observational study evaluated NPDS
data of lemborexant ingestions reported to US poison centers
from 1 January 2020 to 31 December 2022. The NPDS was
queried for cases including the drug lemborexant at any dose.
Only cases of single substance exposure to lemborexant were
included. Cases of polysubstance exposure were excluded.
Results: The total number of ingestions reported was 74; 39
(52.7%) ingestions reported at least one adverse reaction. Reason
for exposure included unintentional general (n ¼ 30, 40.5%),
therapeutic errors (n ¼ 21, 28.4%), suspected suicide (n ¼ 12,
16.2%), intentional misuse (n ¼ 5, 6.8%), adverse reactions (n ¼

3, 5.4%), intentional unknown (n ¼ 1, 1.4%), unintentional envir-
onmental (n ¼ 1, 1.4%), and unknown (n ¼ 1, 1.4%).
Demographics included 48 (64.9%) females and 26 (35.1%) males
(age range, 1 to 81 years; mean 28.3 years). Dosages ranged
from 5 to 250mg (mean 32.2mg). The most common symptom
reported was mild CNS depression (n ¼ 21, 28.4%), followed by
moderate CNS depression (n ¼ 7, 9.5%), tachycardia (n ¼ 5,
6.8%), agitation (n ¼ 4, 5.4%), confusion (n ¼ 2, 2.7%), headache
(n ¼ 3, 4.1%), and hypertension (n ¼ 4, 5.4%). The remaining
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symptoms coded as related to lemborexant are each reported in
1.3% of ingestions (abdominal pain, bradycardia, hallucinations/
delusions, miosis, muscle rigidity, mydriasis, nausea, other - mis-
cellaneous, other - neurological, respiratory depression, tremor).
Thirty-three ingestions (44.6%) were managed on-site (non-
healthcare facility), one (1.4%) required admission to the critical
care unit, seven (9.5%) were admitted to the noncritical care
unit, four (5.4%) were admitted to a psychiatry, four (5.4%) were
lost to follow-up, four (5.4%) refused referral, and 21 (28.4%)
were treated/evaluated and released from hospital care.
Treatments most commonly included dilution, intravenous (IV)
fluids, food/snack, and oxygen. Uncommonly reported treatments
included benzodiazepines, multiple dose activated charcoal, sin-
gle dose activated charcoal, flumazenil, fresh air, IV N-acetylcys-
teine, naloxone, other emetic, and potassium.
Conclusions: Our results provide insight into the clinical presenta-
tion of patients following lemborexant ingestions reported to US
poison centers. The majority of ingestions reported at least one
adverse event potentially requiring medical support or observa-
tion, and 1 in 10 ingestions reported moderate CNS depression.
Further research is warranted on this relatively new agent to bet-
ter understand the risks associated with pediatric exposure and
intentional supratherapeutic exposure in adult patients. A conser-
vative approach to management should be considered.
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145. Unique case of serotonin toxicity
in a poor CYP2D6 metabolizer

E. Sterling Feiningera, Anna Dulaneyb, Taylor
Sandersb, Angela Pikusc and Kathryn Kopecb
aDepartment of Pharmacy Services, Atrium Health’s Carolinas
Medical Center; bDepartment of Emergency Medicine, Division of
Medical Toxicology, Atrium Health’s Carolinas Medical Center;
cDepartment of Emergency Medicine, Atrium Health’s Carolinas
Medical Center

Background: Serotonin toxicity is caused by an excess of sero-
tonin in the central nervous system leading to neuromuscular,
autonomic, and/or mental status changes. Onset is typically
6–8 hours after initiation, dose increase or excessive ingestion of
serotonergic medications. Dextromethorphan is a cough suppres-
sant metabolized by CYP2D6 with some serotonin reuptake
inhibition. We present a case of poor CYP2D6 metabolism of dex-
tromethorphan leading to serotonin toxicity.
Case report: A 10-year-old male presented to the emergency
department with altered mental status (AMS). His initial vital signs
were temperature 103 �F, heart rate 133 beats per minute, respira-
tory rate 28 breaths per minute, and blood pressure 123/
86mmHg. His physical exam demonstrated hyperreflexia, myoclo-
nus, and incomprehensible speech. Parents reported 4 days of
mild cough and congestion for which he received 2 age-appropri-
ate doses of dextromethorphan hydrobromide syrup – one given
3 days prior to arrival and one at dinner the night before admis-
sion. Past medical history was significant for attention deficit dis-
order on dexmethylphenidate with a dose increase 1 month prior.
The patient was intubated for airway protection. Work up was
negative for infectious or intracranial causes of altered mental sta-
tus, including a negative lumbar puncture. Standard 6 drug urine
toxicology panel was negative. He remained intubated requiring
midazolam, propofol, and dexmedetomidine infusions for 3 days
secondary to continued agitation, tachycardia, hyperthermia, and
inducible, non-sustained clonus before being extubated.
Pharmacogenomic testing was ordered due to unclear etiology of
serotonin toxicity and concern for future medication adverse

effects. The pertinent enzyme results were CYP2D6 *4/�5 indicat-
ing a poor metabolizer with 0.00 functional activity score.
Discussion: Dextromethorphan acts on the medulla oblongata in
the central nervous system (CNS) to suppress cough and inhibits
serotonin reuptake in the synapses. This patient presented with
classic symptoms of serotonin toxicity (AMS, hyperthermia, tachy-
cardia, hyperreflexia, and clonus) and the appropriate timing in
relation to the last dose of dextromethorphan (� 6 hours).
Additionally, he had a recent dexmethylphenidate dose increase.
Dexmethylphenidate, a CNS stimulant, inhibits dopamine and
norepinephrine reuptake on the presynaptic neurons with some
serotonin reuptake inhibition. Due to unclear cause of presenta-
tion and history of receiving appropriate medications and dosing,
pharmacogenomic testing was pursued; specifically screening for
CYP2D6 activity, which was found to be decreased in this
patient. Patients with decreased or no CYP2D6 activity are unable
to metabolize medications like dextromethorphan via normal
pathways, resulting in accumulation of parent drug and symp-
toms of toxicity that can mimic an overdose. In this case, stand-
ard dosing of dextromethorphan in combination with chronic
dexmethylphenidate therapy resulted in severe serotonin toxicity.
Conclusions: CYP2D6 poor metabolizers on serotonergic medica-
tions are at increased risk of experiencing serotonin toxicity due
to lack of functional enzyme activity. There should be consider-
ation for pharmacogenomic testing when there is no clear
explanation or history of overdose or overuse of a medication.
Pharmacogenomics testing for patients on chronic serotonergic
medications, allow patients and healthcare providers to make
more informed decisions regarding future medications.
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146. Water beads… . size matters?

Tara Bodaa, Brandon Weisbroda, Amanda Korenoskib

and Josh Shulmanc
aPittsburgh Poison Center; bPittsburgh Poison Center, University of
Pittsburgh School of Pharmacy; cPittsburgh Poison Center,
University of Pittsburgh School of Medicine

Background: Superabsorbent polymer beads, a popular child toy,
have been associated with risk of intestinal obstruction after inges-
tion; although some brands have been recalled, many remain on
the market. Small children are at particular risk for obstruction, due
to their small bowel size (diameter of 2.5–3 cm). Best management
recommendations, including brand- and size-specific data and dilu-
tional fluids to prevent expansion, are limited. Our primary aim
was to measure pre-and post-submersion diameter of various pur-
chasable brands. Our secondary aim was to evaluate clumping or
fracturing behavior. Based on previous literature, we hypothesized
that no single bead would achieve diameter greater than 3 cm.
Methods: Four brands of water beads (labelled brand 1–4, includ-
ing “small”, “medium”, and “large” sizes of brand 4) were evaluated
in 8 different solutions (bottled water, infant formula, skim milk,
apple juice, carbonated water, sports drink, Triple Sec (15% ethanol
v/v) and 5% vinegar. Of note, brand 1 came pre-expanded. Three
beads from each brand were placed in 59mL of study solution. In
total, there were 48 combinations of beads and liquid. Diameter was
measured pre-submersion and hourly for 8 total hours. Other find-
ings, such as clumping or bursting, were also noted at each interval.
Results: Mean expansion of all beads in bottled water at 8 hours
was 349% (range 76–523%). The “large” size bead from brand 4
expanded 460% in water, resulting in the largest final bead size,
averaging 31.8mm at the 7-hour mark. Vinegar was the fluid
with the lowest post-expansion change (mean diameter change
ratio vs. water 0.26, range �0.57 to þ0.67) while water was the
solution with greatest expansion across all brands and sizes.
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Brand 1 (pre-expanded) decreased in size in vinegar, carbonated
water, and juice. Clumping was observed in all non-water solu-
tions, but was consistently observed in juice, sports drink, and
vinegar. Milk (mean 0.45, range 0.01–0.74) and formula (mean
0.60, range 0.21–0.96) showed no clumping in brands 1–4, but
showed clumping in the “medium” and “large” size of brand 4.
Conclusions: We noted that there is a low possibility of single
beads achieving diameter of 3 cm across all brands. Exceptions to
this included “large” size of brand 4 (pre-submersion diameter
6.0mm) which achieved 3 cm diameter at 7 hours and was still
expanding at the 8-hour mark. Healthcare professionals should be
aware of these findings when advising on indications for referral
to healthcare facility. While fluids with higher osmolarity, such as
juice or sports drink, were generally associated with smaller size
compared to water, the percent difference was not consistent
among brands. We did, however, observe increased chance of
clumping and adherence to container walls in these sugary solu-
tions among all brands and sizes. Although milk and formula are
attractive options given relatively low percent expansion com-
pared to water, no single solution gave a favorable combination
of low percentage expansion and complete lack of clumping
across all bead sizes. Limitations include in vitro nature and lack of
simulation of gastric acid and no measurements past 8 hours.
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147. Cases involving abortifacients
called to US poison centers in the
post Roe era

Damilola Idowua, Eric Grahamb, Ryan Feldmanc,
Jillian Theobalda and Justin Corcorana
aDepartment of Emergency Medicine, Division of Medical
Toxicology, Medical College of Wisconsin; bDepartment of
Emergency Medicine, Medical College of Wisconsin; cMedical
College of Wisconsin School of Pharmacy

Background: Unsafe use of abortifacients is a cause of morbidity
and mortality worldwide and is more common in countries with
limited access to methods for pregnancy prevention and termin-
ation. A 2022 United States (US) Supreme Court ruling (Dobbs V.
Jackson Women’s Health Organization) held that the US constitu-
tion does not confer a right to abortion and in the process made
abortion illegal in several US states. Understanding evolving
trends in abortifacient exposures can guide interventions to miti-
gate the negative public health impact of limited safe abortion
access. The purpose of this study was to compare the number of
calls involving abortifacients to US poison centers before and
after the Supreme Court ruling in June 2022.
Methods: The National Poison Data System (NPDS) was queried
for information and human exposure cases from 6/1/2021 to 12/
31/2022 that involved the following known abortifacients: abrin,
Acanthospermum hispidum, aristolochic acid, a-momarcharin,
Cajanus cajan, Lagenaria breviflora, oil of savin, castor/ricin, rue/
chalepensis, misoprostol, mifepristone, furanocoumarins, yuanhua-
cine, pulegone, Moringa oleifera, podophyllin, devil’s claw, tricho-
santhin, Caulophyllum thalictroides, Cimicifuga racemosa, quinine,
ergotamines. Methotrexate was excluded from analysis due to its
multiple indications. Data extracted included patient demograph-
ics, clinical effects and medical outcome. Data analysis on expos-
ure cases was limited to females of reproductive potential (age
12–50). The mean number of calls per month to US poison centers
before and after June 2022 was compared using a student’s t test.
This study was exempt by our institutional IRB.
Results: Of all exposure calls, 155 (75%) involved female patients,
whose mean age was 39 years. Minors (age < 18) comprised

13% (n ¼ 19) of exposure cases, of whom 89% were female (n ¼

17). No exposure cases were under 12 years old. After excluding
all males and non-reproductive age women, 108 exposure cases
were included in the final analysis. There were 109 information
calls. There was no statistical difference between the mean num-
ber of cases per month before and after June 2022 with informa-
tion cases (3.2 and 2.1, P< 0.23) or exposure cases (5.4 and 6.4,
P< 0.5). Six exposure cases involved known pregnant patients
(misoprostol n ¼ 2, Cimicifuga racemosa n ¼ 1, castor oil n ¼ 3).
The majority of exposure cases resulted in no clinical effects (n ¼

100, 93%). Only one exposure case, involving Caulophyllum thalic-
troides reported a major clinical effect of CNS depression. No
deaths were reported.
Conclusions: Female patients of reproductive age make up the
majority of cases called to US poison centers involving abortifa-
cients. There was no change in monthly call rate for abortifa-
cients after the June 2022 Supreme Court ruling. This study was
limited by a low number of cases and the inability to determine
intent of use. Evolving trends in abortifacient exposures as state
laws are enacted and changed may not have been captured by
the limited time frame evaluated.
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148. Outcomes of ingested
superabsorbent polymers (“water
beads”): a single poison center study

Catherine Dong, Andrew Chambers, Emily Kershner,
Rutherfoord Rose, Kirk Cumpston and Brandon Wills
Virginia Commonwealth University Health System

Background: Superabsorbent polymers (SAPs) are cross-linked
hydrophilic polymers that retain and expand several times their dry
size on contact with water used for a variety of applications. There
has been rising use of SAPs marketed as “water bead” toys for
young children with a reciprocal rise of exploratory ingestions
reported to local poison control centers. There is growing concern
regarding potential danger from ingestion, including bowel obstruc-
tion. Isolated cases of bowel obstruction have been reported how-
ever, estimates of incidence are unknown. We summarize outcomes
of SAP ingestions reported to a single poison center.
Methods: This was a retrospective cohort study conducted by
chart review of electronic records to our poison center from 1
January 2002 to 25 April 2023. A ToxicallV

R

search was performed
for human exposures to sixty verbatim terms such as “water
bead,” “expanding beads,” “polymer water beads,” as specific
AAPCC codes do not currently exist. Single acute ingestions of
superabsorbent polymer(s) were included. Patients of all ages
and suspected ingestions were also included. Outcome measures
included development of symptoms, imaging, interventions, dis-
position, and final outcome.
Results: There were 256 cases, 39 were excluded, and 217 were
analyzed. 182 (84%) cases were in children less than 6 years of
age with 110 (51%) males. Final outcomes included 118 (54.4%)
patients with no clinical effect and 9 (4.1%) with minor effects.
There were two cases coded as moderate effect due to vomiting.
Of the 14 imaging studies, none demonstrated acute abnormal-
ities. Furthermore, there were no cases of intestinal obstruction,
need for procedures, or admission. The majority of patients
(83.4%) were monitored at home, with the remainder seen in
clinic or discharged from the ED. Follow-up calls were attempted
up to a week from ingestion, answered in 53% of cases, with an
average of 45 hours of follow-up time.
Conclusions: Limitations included inconsistent follow-up and
specialist in poison information documentation, unwitnessed
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ingestions, unknown sizes of beads ingested, and inter-rater reli-
ability was not assessed. Based on these data, there were no
severe or fatal outcomes from SAP ingestions. There were no
documented cases of bowel obstruction, operative intervention,
or hospital admission. The overall outcome from water bead
ingestions appears to be favorable.
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149. Delayed, severe paroxysmal
muscle cramping after Chilean Rose
Tarantula (Grammostola rosea)
envenoming

Brian Gooleya, Kirk Hughesa, Mark Gooleyb,
Daniel Keylerc, Richard Vetterd and Jon Colea
aMinnesota Poison Control System; bMayo Clinic – Rochester,
Rochester, MN, USA; cDepartment of Experimental & Clinical
Pharmacology, University of Minnesota, Minneapolis, MN, USA;
dDepartment of Entomology, University of California Riverside

Background: Known for its generally docile nature (and low
cost), the Chilean rose tarantula (Grammostola rosea) is one of
the most commonly kept exotic pets. In the US from 2020 to
2021, more than 600,000 Grammostola were commercially traded.
Despite this, there is a paucity of medical literature describing G.
rosea envenoming in humans.
Case report: A 42-year-old healthy woman was bitten on her
forearm by a Grammostola rosea while attending a party and
viewing an exotic pet collection. The patient reported the taran-
tula bit her forearm for approximately 30 seconds (corroborated
by a witness), during which she described feeling venom being
injected into her skin. She noted immediate local pain, similar in
character and severity to a wasp sting that responded to ice and
ibuprofen. Day 1 post-bite, extremely painful paroxysmal muscle
cramping developed in her feet and lower legs initially lasting
15–20minutes, recurring every few hours, for which she pre-
sented to the local emergency department (ED). Laboratory
workup revealed normal electrolytes and creatinine kinase con-
centrations. The poison center was consulted, recommended
supportive care, and she was discharged with diazepam and
cephalexin. Post-bite day 2 she had progressively worse cramp-
ing extending to the feet, legs, and hips. She returned to the ED
and was admitted for 3 days for pain control, diphenhydramine,
diazepam, prednisone, cefpodoxime, and baclofen; however,
spasms persisted. Intermittent cramping increased in duration,
frequency, and intensity for two weeks and spread to her hands,
forearms, abdomen, and lower face. Symptoms spontaneously
improved, resolving at 6 weeks. None of the pharmacologic
therapies employed were subjectively effective.
Discussion: Multiple sequelae from tarantula bites have been
described in literature, including mechanical injuries and hyper-
sensitivity reactions from both venom and urticating hairs.
Reports of severe muscle cramping, particularly from Old World
tarantulas (e.g., Heteroscodra maculate) have been published;
however, the mechanism is not well described, nor has it been
previously reported with G. rosea. Tarantula venoms across all
species are mixtures of salts, nucleotides (e.g., ATP), amino acids,
neurotransmitters, polyamines, peptides, proteins, and enzymes
and are known to cause skeletal muscle necrosis in mice. G. rosea
venom analysis suggest the venom may contain low-voltage acti-
vated calcium channel Cav3.1 and sodium channels Nav1.3 and
Nav1.7; related tarantula toxins may inhibit activation of voltage-
activated potassium (Kv) channels via interaction with voltage-
sensing domains. G. rosea venom was shown to be quickly lethal

to mice. Case reports of human tarantula bites from other spe-
cies suggest cramping is a direct effect from the venom rather
than sequelae of electrolyte abnormalities. Despite this, calcium,
magnesium as well as diazepam and dantrolene are all sug-
gested therapies, but have largely shown poor results. Complete
recovery is expected, though it may be delayed for weeks as in
our patient case.
Conclusions: Delayed regional and systemic paroxysmal muscle
cramping may result from an envenoming bite by Grammostola
rosea. Poison Centers and toxicologists should counsel patients
accordingly and relate that these apparent venom-induced symp-
toms may last for several weeks but are self-resolving with time.
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150. Trends in physostigmine usage
and impact of drug shortage in
patients with anticholinergic toxicity:
a 10-year retrospective study

Natalia Juchaa, Anthony Jaworskib and
Kevin Osterhoudtb
aChildren's Hospital of Philadelphia; bThe Poison Control Center at
Children’s Hospital of Philadelphia

Background: Historically, physostigmine has been used as an
antidote for anticholinergic neurotoxicity that is refractory to ben-
zodiazepines. Usage of this antidote has been variable over the
years based on literature, familiarity and preference of different
poison control centers. In 2019 and 2022, physostigmine experi-
enced a shortage. Previously, physostigmine usage has been
explored along with trends and safety parameters; however, not
in the context of drug shortages and assessing differences in out-
comes. Therefore, the purpose of this study was to assess national
trends in physostigmine usage over time and assess differences in
clinical outcomes surrounding times of shortage.
Methods: This was a retrospective analysis of the National
Poison Data System (NPDS) for all hospitalized cases from 01/01/
2013 to 12/31/2022 that involved a single substance exposure
with an anticholinergic drug (including antihistamines, over-the-
counter agents, sleep aids); anticholinergic plants; atypical anti-
psychotics; and phenothiazines. Data points obtained from NPDS
included: date, age, gender, clinical effects, therapies, medical
outcome, and product code name. A linear regression was used
to analyze the trends in physostigmine usage over the last dec-
ade. Odds ratio was calculated for composite outcomes (death or
major effect) between physostigmine and non-physostigmine
groups. Additionally, a paired student t-test was used to examine
differences in composite outcomes between times of shortage
and no shortage in both groups.
Results: NPDS data indicated that annual physostigmine usage
has increased in the last decade by 24%; however, physostigmine
usage increased by 122% between 2013 and 2020. When com-
paring periods of physostigmine shortage (June–November of
the years 2019 and 2022) and no shortage (June–November of
the years 2020 and 2021), there was no statistically significant
difference in composite outcomes in the non-physostigmine
group (P> 0.05). Patients that were administered physostigmine
had presentations consistent with more severe toxicity (delirium,
seizures and intubation).
Conclusions: There is no longer a US supplier of physostigmine,
and little financial impetus exists for pharmaceutical companies
to produce physostigmine as it was used in 1% of anticholinergic
toxicity cases in the last decade. Although physostigmine offers
potential benefits, alternative management strategies for
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anticholinergic toxicity should be developed. This data suggests
patients can be safely managed without physostigmine as there
was little impact on composite outcomes during times of
shortage.
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151. Safety and efficacy of
sugammadex use outside of the
operating room

Hayley Gartner and Megan Rech
Loyola University Medical Center

Background: Sugammadex is a modified gamma cyclodextrin
that forms a complex with the neuromuscular blocking agents
(NMBA) rocuronium or vecuronium. This results in the reversal of
neuromuscular blockade induced by rocuronium or vecuronium.
The role of sugammadex is not well defined in the literature out-
side of the operating room setting. This study aims to describe
the safety and efficacy of sugammadex use outside the operating
room for the reversal of non-depolarizing neuromuscular block-
ing agents.
Methods: This was a single-center, retrospective cohort study
conducted in patients that received sugammadex outside of the
operating room at an academic medical center between 14 June
2016 and 14 November 2022. The primary outcome was efficacy
of sugammadex use for NMBA reversal based on descriptive
documentation of clinical status. Secondary outcomes included
adverse reactions associated with sugammadex use, documenta-
tion of contraceptive counseling in patients with child-bearing
ability, and cost of sugammadex use when compared to the neo-
stigmine-anticholinergic combination.
Results: A total of 14,383 patients received sugammadex at this
institution during the study period. Of those patients, 41 (0.3%)
received sugammadex outside of the operating room setting
for a non-surgical indication and were included in the study.
Sugammadex was administered for NMBA reversal post-mag-
netic resonance imaging or bronchoscopy (n ¼ 21), neurologic
exam (n ¼ 18), or bedside extracorporeal membrane oxygen-
ation cannulation (n ¼ 1). Thirty-nine patients received rocuro-
nium with median dose of 1.1mg/kg (IQR, 0.6–1.3mg/kg). The
median sugammadex dose administered was 3.6mg/kg (IQR,
2.2–4.0mg/kg). Two patients (5%) never received a non-depola-
rizing NMBA and only eight patients (20%) had a train of four
documented prior to NMBA reversal. Thirty-nine patients (95%)
had documentation that their neurologic function was appropri-
ate following sugammadex administration. Three patients (7%)
had documentation of oral contraceptive use and only one
patient had documentation of counseling on the use of an
alternative method of contraception for seven days following
sugammadex administration. No adverse reactions to sugamma-
dex were reported.
Conclusions: A limited amount of literature exists for the use of
sugammadex outside of the surgical setting. This study found
that the use of sugammadex was overall rare and well tolerated.
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152. Spectrophotometric analysis of
purple urine secondary to methylene
blue and hydroxocobalamin co-
administration

Jeremy Hardina, Henrik Galusta, Nathan Friedmana,
Justin Seltzera, Richard Clarka, Binh Lya and
Raymond Suhandynatab
aDivision of Medical Toxicology, University of California, San
Diego, CA, USA; bSkaggs School of Pharmacy and Pharmaceutical
Sciences, UC San Diego Health

Background: The development of purple urine after methylene
blue (methylthioninium chloride) and hydroxocobalamin co-admin-
istration is a rare clinical entity that has not been fully elucidated.
In this study, we identify the cause of purple urine secondary to
methylene blue and hydroxocobalamin co-administration by utiliz-
ing color chromatography and spectrophotometric analysis.
Case report: A 47-year-old male presented to the emergency
department with hypotension, cyanosis, and depressed mental
status. Initial vital signs were heart rate 125 beats/minute, blood
pressure 75/56mm Hg, respiratory rate 20 breaths/minute, and
oxygen saturation 82% that did not increase with supplemental
oxygen. The patient was noted to have profound peripheral and
central cyanosis, as well as chocolate colored arterial blood. He
was intubated for airway protection and accidentally treated with
5g hydroxocobalamin without clinical improvement. Initial co-
oximetry was no for a methemoglobin level of 66% and PaO2

202mmHg. Medical toxicology was consulted and the patient
received 2mg/kg methylene blue with rapid clinical improve-
ment. His hemodynamics normalized and cyanosis resolved
within 1 hour, at which point the repeat methemoglobin level
was 22% and he was extubated. He endorsed accidentally ingest-
ing “poppers” containing isobutyl nitrite thinking it was a shot of
alcohol. The patient’s urine developed an initial red hue follow-
ing hydroxocobalamin administration that transitioned to a deep
purple following methylene blue administration. Urinalysis per-
formed at that time demonstrated violet color, negative leuko-
cyte esterase, 2þ nitrite, negative bacteria, and trace blood. The
patient denied dysuria or urinary complaints, and left on hospital
day two via self-directed discharge. On phone follow up one
month later, he was doing well and stated the purple discolor-
ation of his urine persisted for one week post-discharge.
Discussion: Urine Color Chromatography - Color chromatography
was performed by placing 3mL of the patient’s urine directly
onto absorbent filter paper. After five minutes clear separation of
distinct red and blue phases was observed. This finding supports
the hypothesis that the purple color is a result of two separate
compounds and prompted definitive testing with a scanning
spectrophotometer. Urine Spectrophotometry - Urine spectropho-
tometry was performed utilizing the NanoDrop One/One C UV-
Vis Spectrophotometer (Thermo Fisher Scientific). 0.01% hydroxo-
cobalamin (Sigma-Aldrich, USA) and 0.01% methylene blue
(Biopharm, USA) standard solutions were analyzed separately to
establish their absorption spectrum (a). The methylene blue and
hydroxocobalamin standard solutions were then mixed and the
absorbance spectrum of the mixture was obtained and compared
to the absorbance spectrum of a 4% solution of the patient’s
urine (b). Overlap between the methylene blue/hydroxocobala-
min absorbance spectrum and the patient’s purple urine absorb-
ance spectrum was nearly perfect.
Conclusions: Purple urine secondary to methylene blue and
hydroxocobalamin co-administration is due to combined urinary
excretion of methylene blue (blue) and hydroxocobalamin (red),
and not a novel purple metabolite. We anticipate that this is
going to be an increasingly common clinical entity as the roles
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of both hydroxocobalamin and methylene blue expand from tox-
icologic antidotes to adjunct therapies for vasoplegia, poor car-
diac output, and sepsis.
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153. Cosmetic product adverse events
reported to the center for food safety
and applied nutrition adverse event
reporting system

Kelly Hoguea and Mathias Forresterb
aNorth Texas Poison Center Dallas, Dallas, TX, USA; bIndependent
Researcher, Austin, TX, USA

Background: The United States (US) Center for Food Safety and
Applied Nutrition (CFAN) Adverse Event Reporting System (CAERS)
is a national database that contains reports of food, dietary supple-
ment, and cosmetic product adverse events and product com-
plaints submitted to the US Food and Drug Administration (FDA).
Healthcare professionals (e.g., physicians, pharmacists, nurses), con-
sumers (e.g., patients, family members, lawyers), and manufacturers
submit reports to CAERS. The reports are generally voluntary,
although manufacturers are required to send reports of serious
adverse events they receive from healthcare professionals and con-
sumers to the FDA. Adverse events are coded to terms in the
Medical Dictionary for Regulatory Activities (MedDRA), a validated,
internationally standardized medical terminology. The adverse
events include minor to major medical events as well as com-
plaints about taste, color, defective packaging, and other non-med-
ical issues. The objective of this study was to characterize
cosmetics product adverse events reported to CAERS.
Methods: Cases were adverse events with a Product code of 53
(Cosmetics) reported to CAERS with a report created date of
2004–2021. Cases with “Exemption 4” in the Product field were
excluded because it was unclear what these cases represented.
The distribution of cases was determined for various factors.
Results: A total of 12,044 cosmetic product adverse events were
reported, representing 9.7% of the 124,617 total adverse events
reported during 2004-2021. The annual number of reports was 333
in 2004, decreasing to 124 in 2007 then increasing once more to
2,207 in 2016 before decreasing once more to 769 in 2021. The dis-
tribution by patient’s age was 279 (2.3%) 0–5 years, 245 (2.0%) 6–12
years, 330 (2.7%) 13–19 years, 1,742 (14.5%) 20–29 years, 2,246
(18.6%) 30–39 years, 1,791 (14.9%) 40–49 years, 1,605 (13.3%) 50–59
years, 845 (7.0%) 60–69 years, 245 (2.0%) 70–79 years, 70 (0.6%)
80þ years, and 2,646 (22.0%) unknown age; 10,452 (86.8%) of the
patients were female, 1,071 (8.9%) male, and 521 (4.3%) unknown
sex. The medical outcomes (a record can have more than 1) were
5,749 (47.7%) other outcome, 3,602 (29.9%) other serious or import-
ant medical event, 2,690 (22.3%) visited a health care provider, 593
(4.9%) visited emergency room, 530 (4.4%) disability, 365 (3.0%) hos-
pitalization, 227 (1.9%) life threatening, 196 (1.6%) required interven-
tion, 104 (0.9%) other serious outcome, 26 (0.2%) death, and 10
(0.1%) congenital anomaly. The most commonly reported MedDRA
terms (a case can have more than 1) were 4,881 (40.5%) alopecia,
2,688 (22.3%) pruritus, 1,552 (12.9%) rash, 1,483 (12.3%) burning
sensation, 1,300 (10.8%) trichorrhexis, 1,231 (10.2%) erythema, 1,119
(9.3%) hair texture abnormal, and 1,082 (9.0%) hypersensitivity.
Conclusions: Persons age 20–59 years accounted for 78.6% of
the cosmetic product adverse events, and the majority of per-
sons were female. The most frequently reported outcome was
other outcome followed by other serious or important medical
event and visited a health care provider. The most frequently
used MedDRA terms were alopecia, pruritus, rash, and burning

sensation. A limitation of the CAERS database is that it does not
separate cosmetics products into more specific subgroups.
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154. Variability among adult and
pediatric hospital calls to a medical
toxicology consultation service

Nathan Friedman, Justin Seltzer, Henrik Galust,
Jeremy Hardin and Daniel Lasoff
UC San Diego Health

Background: Medical toxicologists (MTs) are subspecialist physi-
cians trained to care for patients with acute and chronic poison-
ings as well as toxic exposures in a wide array of practice
settings. Interest in training in medical toxicology appears to be
increasing. While some data on volumes, logistics, reimburse-
ment, and billing exist, to our knowledge there are no studies
examining seasonal and day-to-day variability in consultations for
a medical toxicology consultation service (MTCS). We sought to
identify and describe trends in consultation volumes to our well-
established bedside MTCS, with particular attention to differences
between adult and pediatric consultation patterns.
Methods: We prospectively collected initial consult requests
placed to our MTCS service covering five area hospitals (four
adult and one pediatric) over a six-month period, including dates,
times, consulting hospital, and ward (emergency department,
floor, or ICU). We excluded consults that did not include all this
information or that were requests for other assistance besides an
initial bedside consultation.
Results: Between July 2022 and January 2023, we received 233
initial consultations. 87 (37%) were from the pediatric hospital.
Most consultations were placed from the emergency department
(66%). September and October were our highest consultation
months by volume, driven primarily by a surge in pediatric hos-
pital consultations. In general, adult consultations tended to
occur during business hours while pediatric consultation requests
were more often placed in the late evening. There did not
appear to be any trend based on day of the week.
Conclusions: This small, exploratory study of a mature MTCS
covering five area hospitals suggests both seasonal and hourly
variation in consultation volumes. Most consultations were
placed from the emergency department. Consults on pediatric
patients tended to arrive in the evening, which tracks with over-
all patient flow at pediatric EDs. Overall variation in volume was
more pronounced in our pediatric population, and the changes
in overall volume appeared to be driven by surges in consults on
pediatric patients. Additional studies should seek to investigate
these trends on a broader scale.
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155. Evaluation of large-scale,
interactive simulation in poison
management & drug abuse course

Kristin Reinaker and Steven Nerenberg
Rutgers University

Background: High-fidelity simulation has been used by numer-
ous medical schools and residency programs to help learners
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apply the skills necessary to manage toxicologic emergencies.
Operationalizing a high-fidelity simulation for large class sizes
comes with many challenges. Our pharmacy school traditionally
limits the use of high-fidelity simulation to clinical electives with
capped enrollment or skills labs with multiple, small sections.
Thus, the use of high-fidelity simulation has been limited in our
Poison Management & Drug Abuse course, a required third-year
PharmD course with high enrollment. Course instructors
designed a high-fidelity simulation for a large classroom setting
as a pilot for future semesters. The purpose of this study was to
evaluate the effectiveness of large-scale high-fidelity simulation
on pharmacy student aptitude and perceived confidence in the
identification and management of toxicologic emergencies.
Methods: Students voluntarily participated in this large-scale
simulation on the last scheduled class day of this required, 15-
week course limited to third-year professional PharmD students.
During the simulation, students were asked to identify toxi-
dromes and make treatment recommendations at critical deci-
sion points in an unknown overdose case using interactive
polling software. Students were asked to complete an identical,
10-item, anonymous, internet-based questionnaire before and
after the simulation. Questions were divided into 3 sections:
demographics, assessment of knowledge, and self-perceived con-
fidence in assessing an overdose patient. Students were asked to
rate their level of confidence on a scale of 0 (not confident at all)
to 3 (extremely confident). Only fully complete questionnaires
were included for comparison between groups.
Results: One hundred fifty-seven students participated in the
simulation. Of the students who participated, 110 (70%) fully
completed the pre-simulation questionnaire and 130 (83%) fully
completed the post-simulation questionnaire. Only one student
in both groups had prior poison center experience and the
majority had taken 1 clinical elective (70 pre vs. 73% post) in the
PharmD curriculum. The mean score on the 5-question toxi-
drome recognition portion of the questionnaire was 2.69
(SD ¼ 1.30) before the simulation and 3.61 (SD ¼ 1.21) after the
simulation. Prior to the simulation, the majority of students
ranked their level of confidence at or below a 1 when assessing
the patient’s level of instability (75%), gathering relevant history
(58%), identifying the toxidrome (80%) and selecting gastrointes-
tinal decontamination (74%). After the simulation, students
ranked their level of confidence at or above a 2 in all categories
except toxidrome recognition: assessing the patient’s level of
instability (51%), gathering relevant history (61%), identifying the
toxidrome (49%) and selecting gastrointestinal decontamin-
ation (57%).
Conclusions: This large-scale high-fidelity simulation improved
pharmacy students’ ability to recognize toxidromes and feel con-
fident in doing so. Incorporating large-scale, high-fidelity simula-
tion into courses with large class enrollment may aid in
educating healthcare professional students in the principles to
managing toxicological emergencies.
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156. Midodrine exposure: findings
from a 21-year NPDS review

David Kuaia, Stephanie Kieszakb, Daniel Nogeeb,
Amy Schnallb and Michael Yehb
aGeorgia Poison Center; bCenters for Disease Control and
Prevention (CDC)

Background: Midodrine is the only FDA-approved drug to treat
orthostatic hypotension in the United States. It is an alpha-1
adrenergic agonist that causes peripheral vasoconstriction, lead-
ing to hypertension and bradycardia in overdose. This study

characterizes single-substance exposures to midodrine reported
to the National Poison Data System (NPDS) from 2000 to 2021,
including overall trends in midodrine exposures, the types of
exposures (intentional versus unintentional), demographics, and
medical outcomes.
Methods: Data were obtained from the National Poison Data
System (NPDS), a surveillance system that collects data from all poi-
son centers across the United States. Cases were single-substance
exposures to midodrine reported to NPDS from 2000 to 2021.
Results: There were 1432 exposures reported to NPDS from
2000 to 2021. Exposures have increased over time, with 3–4
exposures per year from 2000 to 2003 to 166 in 2021. 52.5% of
exposures were managed at home. Intentional ingestions
accounted for 50% of reported exposures of patients aged 13–19
years. The most common effects were hypertension (211, 14.7%),
bradycardia (142, 9.9%), headache (50, 3.5%), lethargy (40, 2.8%),
dizziness (37, 2.6%), and chest pain (25, 1.8%). One patient had
dysrhythmias. Of therapies provided, 115 (8.0%) had IV fluids
given, 38 (2.7%) were given antihypertensives, 18 (1.3%) were
given supplemental oxygen, 15 (1.1%) were administered atro-
pine, and 5 (0.4%) were intubated. In patients aged 60þ years,
81% of reported exposures were due to therapeutic error. Of the
two exposures with significant clinical effects that had a scenario
reported, one was an iatrogenic error, and one was a wrong
medication taken/given. In terms of medical outcomes, 126
patients (9.3%) had minor clinical effects, 267 patients (19.7%)
had moderate clinical effects, 8 patients (0.59%) had major clin-
ical effects. 401 patients (29.6%) were not followed.
Conclusions: Midodrine exposures reported to NPDS have
increased significantly over time . Though a large percentage of
exposures were managed at home, specific exposure scenarios,
such as double dose scenarios and taking the medication too soon
after an initial dose, can result in adverse clinical effects. Despite
most exposures resulting in anywhere from no clinical effect to
moderate clinical effects, midodrine is still capable of producing
significant clinical effects and can require major treatment inter-
ventions, including intubation. An improved understanding of
midodrine exposures and their associated medical outcomes can
help guide clinical decision-making, such as poison center triage.
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157. The effects of the COVID-19
pandemic on reported cases involving
ethanol-based hand sanitizer
exposures to an animal poison
control center

Glenna Stomackina and Laura Sternb
aIndependent Scholar; bASPCA Animal Poison Control Center

Background: Ethanol-based hand sanitizer sales increased by
600% in 2020. A concurrent increase in hand sanitizer toxicoses
has also been noted by human poison centers; however, data on
the impact that the pandemic has had in dog and cat cases has
not yet been reported. Ethanol toxicosis causes similar signs of
intoxication in dogs and cats as humans, most commonly
depression, ataxia, and lethargy. Gastrointestinal upset can also
be seen, and severe toxicosis can result in seizures and coma.
Treatment is symptomatic and supportive. The current study cat-
egorizes the number of calls and types of calls that were made
to an animal poison control center involving ethanol-based hand
sanitizer before and after the start of the COVID-19 pandemic.
Case series: The database was queried for all cases involving
ethanol-based hand sanitizer from 01/01/2018 to 2/28/2020
resulting in 152 unique cases. Searching the database from 03/
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01/2020 to 12/31/2021 yielded 519 unique cases. The increase in
cases was noted to be consistent until the end of the monitoring
period. Both pre- and post- pandemic cases predominantly
involved canine patients and oral exposures. The most common
exposure event was that the hand sanitizer bottle was chewed,
and the product was ingested. The second most common expos-
ure circumstance was that hand sanitizer was spilled from the
bottle and licked off the surface it was spilled on. Interestingly,
for pre-pandemic the third most common exposure involved the
pet licking human hands that had hand sanitizer applied, while
post pandemic was the pet licking themselves after humans had
applied hand sanitizer to the pet.
Discussion: From 1/1/2018 to 2/28/2020, there were an average
of 5.8 cases per month involving exposure to ethanol-based
hand sanitizers. However, from 3/1/2020 to 12/31/2021, the aver-
age increased to 23.6 cases per month, which represents a
306.9% increase in cases involving ethanol-based hand sanitizers.
This increase was sharply noted with 5 cases in February 2020
and 21 cases in March 2020. Given that the circumstances of
exposure remained fairly consistent in the pre and post pan-
demic cases, it is reasonable to assume that the increase in cases
is likely due to the increased opportunity for exposure, given an
increased presence of ethanol-based hand sanitizers in the home
environment. Exposures appear to be stable at these increased
numbers, which may represent a new normal for animal ethanol-
based hand sanitizer exposures.
Conclusions: Ethanol based hand sanitizer cases reported to an
animal poison center between 2018 and 2022 were analyzed to
give pre- and post-pandemic data. After the start of the COVID-
19 pandemic, the percentage of calls involving ethanol-based
hand sanitizers increased over 300%. However, while the overall
numbers increased, the exposure trends appeared to be overall
fairly similar. For both the pre- and post- pandemic datasets,
cases involving canine patients were the most common, and
accidental oral exposure was the most frequent type of exposure
event noted.
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158. Neural networks models for
predicting medical outcomes of acute
salicylate poisoning

Omid Mehrpoura, Varun Vohraa and
Samaneh Nakhaeeb
aMichigan Poison & Drug Information Center; bMedical Toxicology
and Drug Abuse Research Center (MTDRC), Birjand University of
Medical Science

Background: Neural networks have demonstrated promise in
predicting medical outcomes. This study aimed to evaluate the
performance of a neural network model in predicting outcomes
secondary to acute salicylate poisoning.
Methods: We extracted single-substance cases reported to the
National Poison Data System (NPDS) from 1 January 2014,
through 31 December 2018, involving acute salicylate exposures.
A deep neural network (DNN), using the application program-
ming interface Keras, was applied for multi-class classification
tasks.
Results: The Keras DNN had an overall accuracy and F1 score
of 98, 96.7, and 96.5%, for training, validation, and testing
groups, respectively, in predicting medical outcomes. The out-
comes were classified as either serious outcomes (moderate or
major effect or death) or minor outcomes defined by NPDS
coding criteria. Our results showed that acidosis, coagulopathy
(except for PT or INR prolongation), and age were the primary

contributing features in the accurate prediction of acute salicyl-
ate poisoning outcomes.
Conclusions: The accuracy of the Keras model for predicting
medical outcomes associated with acute salicylate poisoning was
96%. The model could predict serious and minor outcomes with
high sensitivity (> 96%). This model has the potential to be a
useful clinical tool in helping to predict outcomes and inform
the management of acute salicylate poisoning warranting further
scrutiny and validation.
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159. Ethephon poisoning: clinical
characteristics and outcomes

Satariya Trakulsrichaia, Kanokrat Chuayaupakarna,
Phantakan Tansuwannaratb, Achara Tongpooc,
Charuwan Sriaphac and Winai Wananukulc
aDepartment of Emergency Medicine, Faculty of Medicine
Ramathibodi Hospital, Mahidol University; bFaculty of Medicine
Ramathibodi Hospital, Chakri Naruebodindra Medical Institute,
Mahidol University; cFaculty of Medicine Ramathibodi Hospital,
Ramathibodi Poison Center, Mahidol University

Background: Ethephon (2chloroethylphosphonic acid) is one of
the most commonly used plant growth regulators used to pro-
mote fruit ripening, abscission, flower induction, and other
responses. Current data on ethephon poisoning in humans are
very limited. This study describes clinical characteristics and
outcomes of patients exposed to products containing-
ethephon.
Methods: We performed a retrospective cohort study by analyz-
ing data from the Poison Center database for 8 years
(2013–2020).
Results: There were 252 patients included in the study. Most
(65.9%) patients were males and had ingested ethephon acci-
dentally (83.3%). The median age was 32 years (range, 11
months–86 years). Almost all (98.4%) had oral exposure. The
median amount of ingestion was 25 milliliters. The median
time from exposure to hospital visit was 60minutes. Clinical
presentations included gastrointestinal (GI) symptoms (55.6%),
local effect (irritation) (36.1%), neurologic symptoms (9.1%) and
respiratory symptoms (1.6%). At presentation, most had normal
vital signs and were conscious. Fifty-four patients (21.4%) had
no obvious clinical effects at presentation. Most patients had
normal laboratory tests at presentation, although some had
acute kidney injury (AKI) (2 patients) and high anion gap meta-
bolic acidosis (1 patient). One hundred and eight patients
(42.9%%) were admitted to hospitals, with a median length of
stay of 0.7 day. Most patients received only supportive treat-
ment and fully recovered. Seven and six patients received ino-
tropic drugs and were intubated with ventilator support,
respectively. Most had no and minor effects. Three patients
died. Two deaths ingested accidentally. All had underlying dis-
eases and developed AKI and pneumonia during hospitaliza-
tion. We compared the clinical characteristics at presentation
of patients who had no-minor effects (244 patients) and mod-
erate-severe effects including deaths (8 patients) The amount
of ingestion, neurological symptoms, drowsiness, salivation,
Glasgow coma scale (GCS)< 15 showed significant differences.
No significant differences were found in age, sex, local effects,
GI symptoms, respiratory symptoms, fever, hypotension.
Conclusions: Products containing Ethephon or Ethephon caused
only mild effects in most patients, but systemic effects occurred
in some. The mortality from this poisoning was very low,
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however, deaths occurred in patients with accidental ingestion.
Supportive care and proper management of complications
should be the main treatment for this poisoning. The amount
ingested and neurological symptoms including depressed con-
sciousness and low GCS at presentation were associated with
moderate to severe outcomes including deaths.
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160. An osmol gap performance gap:
a laboratory survey

Kyle D. Piresa, Ravi Uppalb, Robert Hoffmana and
Rana Biarya
aDivision of Medical Toxicology, Department of Emergency
Medicine, NYU Grossman School of Medicine; bDepartment of
Pediatric Emergency Medicine, Good Samaritan University Hospital

Background: Despite national guidelines, many hospitals are
unable to determine toxic alcohol concentrations in a clinically
meaningful timeframe. In lieu of an available gold standard, clini-
cians must use surrogate markers such as the osmol gap.
Following toxic alcohol ingestion, the osmotically active parent
compound contributes to a difference in measured osmolality
when compared to a calculated osmolarity determined by the
measured serum chemistries. Our poison center was recently
consulted on a patient with a reported ethylene glycol exposure
who had two reported osmol gaps of less than – 10 mOsm/kg.
This called the diagnosis of toxic alcohol ingestion into question.
Investigation revealed that the serum osmolality was merely cal-
culated and when the sample was measured with an osmometer
there was a clinically significant osmol gap. In light of this senti-
nel event, a survey of hospital laboratories in our poison center
catchment area was performed.
Methods: We attempted to survey 81 hospitals. A four-question
survey was administered via telephone, consisting of the follow-
ing questions: Is your hospital laboratory able to directly test for
toxic alcohols such as methanol and ethylene glycol? If your hos-
pital is unable to directly test for toxic alcohols, how long does it
take to get the results back? By what method does your hospital
test for serum osmolality? If your hospital directly measures
serum osmolality, is there ever a scenario in which a calculated
osmolality may be reported instead?
Results: Of the 81 laboratories surveyed, only 38 responded. Of
the responding hospitals, 0 (0%) were able to directly test for
toxic alcohols and provide bedside clinicians with results in a
clinically meaningful timeframe. Thirty-eight (100%) were reliant
on outside laboratories, with a reported average time to result of
2.3 days. Of these 38 surrogate-dependent hospitals, 1 (2.6%)
reported calculating osmolality based on chemistries as opposed
to direct measurement via freezing point depression (35 (92.1%))
or boiling point elevation (0 (0%)). Two hospitals (5.3%) were reli-
ant on outside laboratories for osmolality measurement as a
“send-out” test. Two hospitals that have the capability to directly
measure osmolality did have scenarios in which a calculated
value would be reported instead. This policy was reported to
have changed during our survey.
Conclusions: Based on the limited results of this survey, there is
no hospital in our poison center’s catchment area that can dir-
ectly test for toxic alcohols. This widespread suboptimal depend-
ence on osmolality is further hampered by reliance on outside
laboratories (5.3%) and scenarios in which osmolality is simply
calculated instead of measured (7.9%), invalidating its usage for
toxic alcohol assessment. In conclusion, over 10% of hospitals in
our catchment area could have significant trouble assessing for
toxic alcohol ingestion in their patient population. Toxicologists

should be aware of their local laboratory capabilities and defi-
ciencies as it can directly impede patient care.
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161. The interval before the storm:
veno-arterial extracorporeal
membrane oxygenation initiation for
confirmed severe bupropion
cardiotoxicity

Kyle D. Piresa, Joshua Blooma, Barbara E. Sahagunb,
Jenny Yangc, Peter Tingd, Allison A. Grecoe, Radu
Postelnicue, Vanessa Soetantoe, Leian Josephe,
Carlos L. Alviard, Rafael Hararid, Sripal Bangalored,
Norma Kellerd, Sylvie F. Hallf, Rana Biarya, Robert S.
Hoffmana, Silas W. Smitha and Mark K. Sua
aDepartment of Emergency Medicine, Division of Medical
Toxicology, NYU Grossman School of Medicine; bDepartment of
Emergency Medicine, NYU Grossman School of Medicine;
cDepartment of Internal Medicine, NYU Grossman School of
Medicine; dDivision of Cardiology, New York University School of
Medicine; eNew York University Division of Pulmonary, Critical
Care, & Sleep Medicine; fDepartment of Pharmacy, Bellevue
Hospital Center

Background: Bupropion is a norepinephrine/dopamine reuptake
inhibitor used to treat major depression. Overdoses result in
tachycardia, hypertension, agitation, and seizures. Cardiotoxicity
due to conduction impairment, impaired inotropy, and malignant
dysrhythmias can be fatal.
Case report: A 32-year-old transgender man with human
immunodeficiency virus, major depression, and substance use dis-
order presented to the emergency department after a suicidal
ingestion of bupropion three hours prior. A self-terminating seiz-
ure occurred prior to arrival. Upon presentation, his vital signs
were notable for tachycardia (109 beats/minute). A generalized
tonic-clonic seizure occurred 20minutes later. An electrocardio-
gram (ECG) revealed: heart rate, 125 beats/min; QRS duration,
110ms; and QTc interval (Rautaharju), 544ms. These data and
another seizure prompted our recommendation for transfer to
our veno-arterial extracorporeal membrane oxygenation (VA-
ECMO) capable hospital. He was intubated for airway protection
several hours after arrival to our hospital. One-hour post-intub-
ation, he developed shock requiring increasing vasopressor and
inotropic support over the next seven hours. The ECG demon-
strated QRS duration of 162ms and QTc interval of > 750ms. A
bedside echocardiogram demonstrated a globally hypokinetic
myocardium with a reduced ejection fraction (20–25%). We initi-
ated VA-ECMO approximately 24hours post-ingestion. The patient
had fixed and dilated pupils for which an emergent head com-
puted tomography scan was obtained, revealing no evidence of
herniation. Eight hours after ECMO initiation, he developed ven-
tricular tachycardia, which was treated with two electrical cardio-
versions and intravenous lidocaine by bolus and infusion. After
this clinical nadir, he steadily improved, and ECMO was discontin-
ued approximately 72 hours after ingestion. The patient was extu-
bated three days later and was neurologically normal. Serum
bupropion and hydroxybupropion concentrations were > 1000
and > 3000mcg/L at presentation, > 1000 and > 3000mcg/L
3 hours after ECMO initiation, 137 and > 3000mcg/L at ECMO
decannulation, and 16 and 1798mcg/L at extubation.
Discussion: The lack of an effective antidote for bupropion over-
dose risks fatal cardiovascular collapse. To our knowledge, this is
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a unique case of bupropion toxicity confirmed by serum concen-
trations for whom ECMO was initiated prior to cardiac arrest. We
believe the hemodynamic support provided during treatment of
malignant dysrhythmias contributed to his good outcome.
Similarities to other cases included initial seizures, early severe
cardiotoxicity, and apparent brain death. Bupropion kinetics are
described as first-order; our data are consistent with this.
Dilutions for concentrations above assay limits are ongoing to
allow for further kinetic characterization. The ability to prognosti-
cate the severity of patients with bupropion overdose is difficult.
For this patient, our recommendation to transfer to an ECMO
center was based on recurrent seizures and QRS/QTc widening.
The initiation of ECMO was informed by widening ECG intervals
that corresponded with a deteriorating hemodynamic status,
echocardiography, and multidisciplinary discussions.
Conclusions: The use of VA-ECMO can be lifesaving in severe
bupropion poisoning. While specific ECG thresholds or at-risk
bupropion concentrations to initiate VA-ECMO await further
study, progressive ECG interval widening or shock should prompt
ECMO consultation prior to cardiovascular collapse.
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162. Minding the gap: a case of
misleading osmol gaps

Kyle D. Pires and Robert Hoffman
Department of Emergency Medicine, Division of Medical
Toxicology, NYU Grossman School of Medicine

Background: Despite national guidelines, many hospitals are
unable to determine toxic alcohol concentrations in a clinically
meaningful timeframe. In lieu of an available gold standard, clini-
cians must use surrogate markers such as the osmol gap.
Following toxic alcohol ingestion, the osmotically active parent
compound contributes to a difference in measured osmolality
when compared to a calculated osmolarity determined by the
measured serum chemistries. As the alcohol is oxidized to acidic
metabolites, the osmol gap decreases while the metabolites con-
tribute to an increasing anion gap acidosis.
Case report: Our poison center was consulted on a sixteen-year-
old girl who presented after a reported intentional ingestion of
antifreeze. A bottle containing 50% ethylene glycol was found
under her bed. Her physical examination was unremarkable. Her
laboratory studies were notable for a normal creatinine, an anion
gap of 10 mEq/L, a negative ethanol concentration, and an osmol
gap of �10.6 mOsm/kg. Her laboratory studies were repeated
one hour later and revealed an identical osmolar gap of �10.6
mOsm/kg. Given the stable negative osmol gap in this patient,
the diagnosis of toxic alcohol ingestion was called into question.
The disconnect between history and laboratory findings in com-
bination with the suspiciously stable osmol gap resulted in a call
to the hospital laboratory. It was revealed that the serum osmolal-
ity was reported as measured but in truth was merely calculated.
When directly measured using an osmometer, the patient’s osmol
gap was 16.4 mOsm/kg. She was treated appropriately with fome-
pizole, her osmol gap normalized, and she never developed an
acidosis or kidney injury. Her care was ultimately transferred to
psychiatry. Her ethylene glycol concentration resulted three days
later at 80.8mg/dL (13.0mmol/L), which if unrecognized could
have led to kidney injury and further morbidity.
Discussion: This case helps demonstrate the need for rapid, direct
measurements of toxic alcohols, and highlights one of many prob-
lems with osmol gaps. In this case, the suspiciously stable osmol gap
arose from a simple difference in algebraic equations for osmolarity.
Conclusions: In the context of a disconnect between history and
laboratory findings along with identical osmol gaps, the clinician

should ensure that osmolality is directly measured as opposed to
calculated. Until the standard of rapidly obtaining toxic alcohol
concentrations is broadly implemented, we recommend that poli-
cies and procedures be put in place to minimize errors associ-
ated with determination of the osmol gap.
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163. Glow product ingestions by dogs
reported to poison centers

Jeanie Shawharta and Mathias B. Forresterb
aTexas Panhandle Poison Center; bIndependent Researcher

Background: Glow (chemiluminescent) products, such as glow
jewelry and glow sticks, provide heatless chemical luminescence in
a variety of colors. The active ingredients in many of these prod-
ucts are anthracene and oxalates synthesized with dibutyl phthal-
ate. Although generally considered non-toxic, information on glow
product ingestions by dogs is limited. The objective of this study
was to describe glow product ingestions by dogs reported to poi-
son centers that primarily manage human exposures.
Methods: Cases were glow product exposures (Generic code
0201027) reported to a large, statewide poison center network
during 2000–2021 where the exposure route was ingestion, the
patient species was animal, and the animal type was dog. The
distribution of cases was determined for various factors.
Results: A total of 169 glow product ingestions by dogs were
identified. There were 32 (18.9%) ingestions during
December–February, 28 (16.6%) during March–May, 48 (28.4%)
during June–August, and 61 (36.1%) during September-
November. The months with the highest number of ingestions
were November (n ¼ 25, 14.8%), October (n ¼ 24, 14.2%), and
July (n ¼ 23, 13.6%). The ingestion occurred at the home of the
dog’s owner or caregiver in 126 (74.6%) cases, 1 (0.6%) at
another residence, 1 (0.6%) in a public area, and 41 (24.3%) at an
unknown location. The management site was 145 (85.8%) on site
(outside of a healthcare facility), 23 (13.6%) at an unspecified
other location (possibly a veterinarian facility), and 1 (0.6%) at an
unknown location. A clinical effect was reported in 37 (21.9%) of
the cases. The most frequently reported clinical effects were oral
irritation (n ¼ 17, 10.1%), vomiting (n ¼ 6, 3.6%), dermal irrita-
tion/pain (n ¼ 3, 1.8%), and diarrhea (n ¼ 2, 1.2%). Clinical
effects reported in single cases included agitation, blood in the
rectum, drowsiness/lethargy, dyspnea, excess secretions, hema-
temesis, nausea, and tremor. The ingestion was not serious (no
effect, minor effect, not followed-judged nontoxic, not followed-
minimal effects possible) in 148 (87.6%) cases, serious (moderate
effect, major effect, unable to follow-potentially toxic) in 20
(11.8%), and unrelated to the ingestion in 1 (0.6%); no deaths
were reported, although the poison center network generally
does not follow animal exposures to determine final outcome. A
treatment was documented in 114 (67.5%) of the cases. The
reported treatments were dilute/irrigate/wash (n ¼ 106, 62.7%),
food/snack (n ¼ 14, 8.3%), other emetic (n ¼ 1, 0.6%), and
unspecified other (n ¼ 4, 2.4%).
Conclusions: This study found that glow product ingestions by
dogs were more often reported during the months of July,
October, and November. Human exposures to glow products
have been reported to cluster around the Independence Day
(July 4) and Halloween (October 31) holidays. Most of the inges-
tions occur at the owner’s own home. The majority of cases did
not result in serious outcomes and were treated on site.
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164. Characterization of benazepril
ingestions reported to a regional
poison center network

Savannah Nelsona, Alexandra Funkb and
Justin Arnoldb
aUF College of Pharmacy; bFlorida Poison Information Center –
Tampa

Background: Benazepril is an angiotensin-converting enzyme
(ACE) inhibitor commonly prescribed for high blood pressure,
heart failure, or kidney disease in both pets and humans. ACE
inhibitors decrease blood pressure by decreasing vascular resist-
ance, with little-to-no change in heart rate, volume, or cardiac
output. Common adverse effects of ACE inhibitors include hypo-
tension, hyperkalemia, dry cough, and impaired renal function.
Many medical resources, such as PoisindexV

R

, report dose ranges
associated with toxicity for use by Specialists in Poison
Information (SPIs) when triaging incoming calls for emergency
department referral. However, no such dose range has been
established for the ACE inhibitor benazepril. This review aimed to
describe the clinical effects associated with benazepril ingestion
and determine the dose range associated with toxicity.
Methods: This was a retrospective quality improvement chart
review of benazepril ingestions reported to a statewide Poison
Center network from January 2015 to December 2022. Cases
were included if an exact or estimated dose of benazepril
ingested was reported and had documentation of a known or
expected outcome. Information about the patient’s age, gender,
weight, additional substances ingested, milligram dose, the cer-
tainty of ingested dose, location of medical management, and
outcome were collected. The data were analyzed using descrip-
tive statistics to evaluate trends.
Results: 124 cases of benazepril ingestions occurred within the
study period, 98 of which were reported with a known outcome
and quantified dose ingested to be included in this review. Four
(4.1%) cases were noted to have minor effects, 48 (49%) cases
had no effects, and 6 (6.1%) cases were judged as a nontoxic
exposure (clinical effects not expected). Forty (41%) cases were
not followed due to minimal clinical effects possible (no more
than minor effect). There were no reports of moderate or major
outcomes or death. Most cases (84, 85.7%) were safely followed
at the patient’s own residence, 8 (8.2%) at a hospital location,
and 6 (6.1%) at another location. Six cases were multi-drug expo-
sures, two of which were reported to have minor effects. The
mean dose ingested was 58.66mg (range: 2.5–800mg) and the
median dose ingested was 25mg. Thirty-five cases included the
patient’s weight, for which the average dose ingested was
1.13mg/kg (range: 0.06–4mg/kg) and the median dose ingested
was 0.97mg/kg. The mean dose ingested in the 4 cases with a
known outcome of minor effects was 100mg or 2.08mg/kg. The
most common adverse effect reported was dizziness/vertigo (4
cases). Headache, vomiting, mild CNS depression, tachycardia,
and agitation were also reported.
Conclusions: Per this review, cases of benazepril ingestion up to
4mg/kg were typically benign, with most cases able to be safely
followed at the patient’s own residence without medical inter-
vention. Patient-specific risk factors and comorbidities should be
evaluated when triaging the care of a patient reporting an over-
dose, such as age, weight, severity of initial symptoms, intention
of ingestion, and concomitant substances ingested.

KEYWORDS Benazepril; ACE Inhibitor

savygrl88@ufl.edu

165. The epidemiology of patients
with acute toxicity admitted to the
intensive care unit by the toxicology
team at a tertiary care centre in the
UAE from April 2015 to April 2022: a
retrospective observational study

Sara Kazim, Lara Abumuaileq, Budour Al Ansaari,
Manal Alzaabi and Khadeeja Aakef
MBRU

Background: Acute Poisoning is an important cause of ICU
admission. The specific patterns of poisoning vary between dif-
ferent countries and age groups. Patients with acute poisoning
requiring ICU admission are at the end of the toxicity spectrum.
Managing such patients in the ICU requires extensive resource
utilization and is associated with high morbidity and mortality
rates.
Methods: This study is a Retrospective Observational Study that
will describe all the cases aged 13 years and older of acute poi-
soning admitted to the ICU of a Tertiary Care Centre in the UAE.
It will look at patients’ characteristics, history, duration of hospi-
talization, and the management approaches used during their
hospital stay. Statistical Package for Social Sciences (SPSS) will be
used for analysis to compare the variables and describe the ICU-
toxicology population.
Results: The study identified 194 ICU cases of acute poisoning, 14
of which died in the ICU. The type of poisoning with the highest
incidence was Sedative – Hypnotics (21.4%), followed by Caustics
and Corrosives (16.6%). The highest number of deaths was by
Caustics and Corrosives (30.8% of mortalities). 72.2% of patients
used mainly supportive therapy without the requirement of any
antidotes or specific therapy. ICU mortality was significantly higher
in patients who needed inotropic support (P ¼ 0.01); those with a
previous history of psychiatric illness and admission (P ¼ 0.008
and P ¼ 0.029, respectively). The need for decontamination and
specific therapy was also significant (P ¼ 0.005 and P ¼ 0.016,
respectively). The Indication for Computed Tomography and its
findings are also significant (P ¼ 0.000 and P ¼ 0.054, respect-
ively). All other parameters studied were insignificant.
Conclusions: The study described all the acute poisoning cases
in the ICU of a Tertiary Care Center in the UAE. The leading types
of poisoning cases requiring intensive care unit admission were
sedative-hypnotics, caustics, and corrosives, and the outcome
was significantly affected by the need for inotropic support. This
study can serve as the first step towards establishing a poisoning
registry in the UAE, and it can help with recognizing patterns of
acute poisoning which will help with devising preventative
measures.
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166. Intersex people remain invisible
to the poison center’s documentation

Alfredo Gonzalez
UTHSCSA

Background: Some people only believe in the gender binary
classification. This classification only recognizes two distinct and
opposite forms of gender, masculine and feminine. This train of
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thought excludes intersex people. Research has documented that
as many as 5%, of the U. S. population is born with different sex-
ual development (DSD, intersex). Intersex people are born with
sex characteristics that do not fit the typical binary male and
female phenotypes and genotype. These characteristics include
chromosome patterns, gonads, and/or genitals. The objective of
this research is to determine if intersex people who attempted or
committed suicide by overdose are documented as intersex by
the poison control centers.
Methods: We conducted a retrospective data review of 11% of
the 55 poison centers in the United States from 2012 to 2022
and determine if there is a statistical representation of intersex
people attempting or committing suicide by overdose compared
to their cisgender counterparts. Cisgender is the term used to
describe the person’s gender identity and the gender is docu-
mented by the person completing the chart; the ToxicallV

R

’s
chart’s options include male, female and unknown.
Results: The total number of people who attempted or commit-
ted suicide by overdose cases that were documented by the
11% of the poison centers under review from 2012 to 2022 was
232,818. The number of documented intersex cases from the
same sample was zero. Intersex is not included in ToxicallV

R

’s
gender drop down options and it was never included in the
chart’s written section.
Conclusions: Theoretically, of the 232,818 people that was docu-
mented by the poison centers as attempting or committed sui-
cide by overdose, 11,641 should have been intersex people, yet
none were documented. The tool used to document the person’s
gender identity should be upgraded to be inclusive. Data collec-
tion by the poison center should be accurate and representative
of the population. Accurate data will help research, social serv-
ices, and medical personnel provide optimal healthcare for those
in need.
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167. When tox isn't tox:
characterization of non-toxicologic
causes of death reported to a
regional poison center from
2018–2022

S. Denise Holzmana, Diane E. Hindmanb,
Steven Dudleya and F. Mazda Shirazic
aArizona Poison and Drug Information Center; bArizona Poison
and Drug Information Center, Phoenix Children's Hospital;
cArizona Poison and Drug Information Center, Banner University
Medical Center-Tucson

Background: The Regional Poison Center (RPC) provides consult-
ation to almost 3 million people who reside within 14 of the 15
counties in the state. From 2018 to 2022 the RPC consulted on
91,517 human exposures, of which 150 resulted in fatality. While
most of the deaths were found to be related to the toxicologic
substance(s) of concern, an undetermined number of them were
coded to be “probably not responsible,” “clearly not responsible,”
or “unknown” if related, as defined by the National Poison Data
System (NPDS) using the Relative Contribution to Fatality (RCF)
guidance system. This review was undertaken to gain an under-
standing of the conditions associated with consultations to the
RPC that result in fatalities not clearly stemming from toxicologic
exposure.
Methods: This was a retrospective descriptive review of death
reports submitted by the RPC to the NPDS for 2018–2022. The
reports were separated into RCF categories 1–3, where the toxin

was related to the fatality, and categories 4–6, where this was
less clear. Cases with RCF of 4–6 were evaluated for circumstan-
ces surrounding the death, toxin of concern, and cause of death.
Results: From 2018 to 2022 the number of consultations that
resulted in fatality averaged 30 deaths per year, and approxi-
mately 25% of these deaths were found to have an RCF of 4–6.
The circumstances prompting consultation for these cases
involved patients where there was an unclear cause for a new
medical condition. Fifty-one percent of the consultations origi-
nated from patients found down and unresponsive. Other new
medical conditions, such as intractable nausea and vomiting,
weakness, dizziness, seizures, and heart failure, accounted for
49%. A measurable drug concentration was the cause for 16% of
these consultations, and use of an herbal supplement precipi-
tated 8% of these cases. There was overlap between these
groups. The toxin of concern largely centered around prescrip-
tion medications, such as prescription pain medications (43%).
Drugs of abuse were involved in 41% of these deaths. Over-the-
counter medications, primarily acetaminophen, were implicated
in 19%, as was “unknown substance.” Herbal supplements and
“other chemicals” accounted for 8 and 5%, respectively. One case
was associated with possible snakebite. Overlap between pre-
scription pain medications and drugs of abuse occurred in 77%
of these cases. An autopsy was obtained for 19% of these
deaths. Cause of death in 43% of these reports was found to be
undetermined. The rest were attributed to medical causes.
Conclusions: Fatality reports with an RCF of 4–6 are challenging
to evaluate. Concern for a toxicologic source or contribution to
the death generates the poison center consultation. Perhaps by
obtaining more information from the patients’ family and friends,
first responders’ evaluation of the scene, and with increased
involvement by the Medical Examiner, more pieces to these mys-
tery cases can help clarify what role the toxin may have played
in the death. Ultimately this could help provide closure to the
patients’ families.
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168. Antidepressants and anxiolytics:
a 7-year positivity overview in clinical
case submissions

Meaghan Ringel, Jennifer Swatek and Justin Brower
NMS Labs

Background: Antidepressants and anxiolytics are medications
that are prescribed to control many mood disorders, including
anxiety, depression, obsessive-compulsive disorder, and psych-
osis. These substances are classified by their drug structure and/
or mechanism of action, and based on the needs of the individ-
ual, dosing regimens are tailored by the prescriber. Commonly
prescribed classes of these substances include selective serotonin
reuptake inhibitors (SSRIs), serotonin-norepinephrine reuptake
inhibitors (SNRIs) and benzodiazepines (BZDs). Recent studies
have noted an increase in prescriptions for antidepressants and
anti-anxiety medications through prescription data and self-
reported use.
Methods: In this study clinical blood and serum casework sub-
mitted to NMS Labs from 2016-2022 were evaluated for fre-
quently prescribed SSRIs (fluoxetine, citalopram, vilazodone,
paroxetine, and sertraline), SNRIs (atomoxetine, venlafaxine, and
duloxetine), and BZDs to evaluate data trends. Testing was either
performed as a directed analysis or as a screen with subsequent
confirmation analysis; testing was determined by the submitting
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agency. Demographics, including age and sex, were also moni-
tored to determine if any drug trends were observed.
Results: The SSRI’s citalopram and fluoxetine showed a marked
increase in prevalence, 270 and 210% increase, respectively.
Conversely, paroxetine and sertraline showed minor decreases in
positivity, while vilazodone remained relatively constant. All three
SNRIs included in this study decreased during the monitored
period. Overall, benzodiazepines remained relatively constant
across this seven-year time frame, with approximately 1300 posi-
tive findings in 2016 and 1000 in 2022. Alprazolam and diazepam
showed a decrease in positivity, 64 and 68%, respectively, while
lorazepam and midazolam showed little change.
Conclusions: While recent literature does note an increase in
non-specific antidepressant use, that trend was not observed in
this study for all drug classes. It is likely this is a limitation of the
casework submitted to NMS as testing performed is specific to
the client’s needs as well as how previous data was collected
(self-reported and prescription records). Increases were only
noted for two of the SSRIs monitored (fluoxetine and citalopram)
while other analytes showed minimal changes or decreases
(SNRIs and BZDs). Differences in trend observations can be
hypothesized to originate from differences in positivity measure-
ments (by clinical analyte positives versus prescriptions) or by
clinical clients requiring testing be performed at NMS Labs. To
obtain another perspective on prevalence, postmortem (PM)
population positivity could also be explored. By exploring this
avenue of testing and comparing the results of PM and clinical
results, the theory of submitting clients affecting positivity could
be evaluated. Future work comparing trends of current clinical
data with future PM positivity results would allow for a more
comprehensive picture of total positivity to be established.
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169. Pre-hospital administration of
Crotalidae immune F(ab')2 for North
American pit viper envenomation

Bryan Kuhna and Jessica Kruegerb
aBanner Poison and Drug Information Center; bBanner – University
Medical Center Phoenix

Background: Treatment for symptomatic pit viper envenomation
in North America consists primarily of antivenom administration
with either crotalidae immune F(ab')2 (equine) or crotalidae poly-
valent immune Fab (ovine). Either therapy is typically initiated
after presentation to and evaluation by emergency department
providers. We report on the administration of crotalidae immune
F(ab')2 (equine) for symptomatic North American pit viper
envenomation in a rural pre-hospital setting.
Case report: A 77-year-old man was hiking with his wife when
he was bitten by a rattlesnake above his hiking boot. His wife
called 911 and ground transport was dispatched. Ground emer-
gency medical services (EMS) contacted air medical transport serv-
ices while en route to the scene, having been previously informed
of a hospital-based program in our state which was now providing
crotalidae immune F(ab')2 to the helicopter service. EMS reached
the patient approximately 45minutes after envenomation.
Physical exam revealed two puncture marks on the patient's left
lower extremity, just superior to the lateral malleolus with swelling
noted to the mid-calf region. Air medical transport arrived and
assessed the patient 75minutes after envenomation. Pursuant to
an approved algorithm for the initial treatment of rattlesnake
envenomation, the decision was made to administer a 10-vial
dose of crotalidae immune F(ab')2 83minutes after the bite. No
infusion-related adverse events occurred. On arrival to an outside

hospital ED, the patient was awake and alert, with stable vital
signs. Swelling was again noted which extended from the dorsum
of the foot up to the mid-calf region, crossing the ankle. Initial
labs were as follows: hemoglobin 12.3 g/dL, platelets 444,000/mL,
fibrinogen 286mg/dL, and prothrombin time 11.5 sec. The patient
was later transferred to our hospital, arriving to the ICU 12hours
after envenomation. Upon arrival, he described some evolving
ecchymosis on his foot but felt that his swelling was improving.
The patient was treated with antiemetics and analgesics but
required no further doses of crotalidae immune F(ab')2. Two
repeat sets of laboratory studies for venom-related coagulopathy
remained within normal limits. At follow up three days after dis-
charge (five days after envenomation), the patient reported
improvement in his pain with near complete return to baseline
function. His repeat labs showed no signs of delayed coagulop-
athy: hemoglobin 12.1 g/dL, platelets 423,000/mL, fibrinogen
366mg/dL, and prothrombin time 10.1 sec.
Discussion: Crotalidae immune F(ab')2 is indicated for symptom-
atic envenomation by North American pit vipers. Antivenom
administration can reverse the hemotoxic, neurotoxic, and sys-
temic toxicity but can only halt the local cytotoxic effects. The
forward deployment of pit viper antivenom to first responders in
under-resourced locations can lead to earlier drug administration
with the goal of optimizing outcomes in envenomated patients.
Conclusions: This case demonstrates the safe administration of
crotalidae immune F(ab')2 in a pre-hospital setting and the
potential for investigation into whether earlier administration of
antivenom minimizes the extent and severity of North American
rattlesnake envenomations.
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170. Eye-popping spider bite:
viscerocutaneous Loxosceles

envenomation with orbital
compartment syndrome

Jonathan Meadowsa, Nima Shayesteha, Eric Crandallb

and Sarah Watkinsc
aFranciscan Health Olympia Fields; bDel Sol Medical Center
Emergency Department; cWest Texas Regional Poison Center

Background: Loxosceles is a spider genus comprising 13US spe-
cies popularly known as brown recluses. The venom is a complex
cytotoxic protein mixture. Envenomation can cause necrotic skin
lesions and rare systemic effects that occur within 24–48hours
following the bite, leading to widespread hemolysis, coagulop-
athy, and even death.
Case report: A 44-year-old male with no past medical history
presented 24hours after being bitten by what he stated was a
brown recluse spider just superior to the right eyebrow. Eight
hours later he noted facial pain, swelling, and progressive vision
loss that worsened throughout the day. In the ED, vital signs
were HR 129 bpm, BP 108/67mmHg, R 18 breaths/min, T 36.8 �C,
and SpO2 91%. He had facial ecchymosis with angioedema. The
right eye had marked proptosis and severe periorbital edema.
The patient rapidly decompensated with hypoxia, hypotension,
and worsening angioedema. During intubation, tracheal devi-
ation was noted and attributed to severe edema of the neck.
Stomach contents revealed upper gastrointestinal bleeding.
Lateral canthotomy with cantholysis was performed for ocular
compartment syndrome with subsequent clinical improvement.
Laboratories showed 53% bands, thrombocytopenia, high anion
gap metabolic acidosis, multiorgan failure (MOF), rhabdomyolysis,
and disseminated intravascular coagulopathy (DIC). The patient
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continued to deteriorate, and the ICU contacted the poison cen-
ter, who recommended supportive care including steroids, blood
products, and even plasmapheresis. Continuous Renal
Replacement Therapy (CRRT) was considered but not performed.
The patient died 37hours after the bite.
Discussion: This is a case of death secondary to probable sys-
temic loxoscelism in an adult with respiratory failure, orbital com-
partment syndrome, and DIC with hemorrhage and MOF.
Proposed venom pathophysiology, especially hematogenous and
tissue spread, involves phospholipases D, metalloproteases and
hyaluronidases. Metalloproteases and hyaluronidases allow for
spread through tissues and eventually access the systemic vascu-
lar system. Phospholipases D promotes cell membrane destabil-
ization, and contributes to red blood cell lysis, renal epithelial
damage, and eventual end organ damage. Case reports have
described secondary warm autoimmune hemolytic anemia, which
may be due to IgG- and complement-mediated intravascular and
extravascular processes. The mainstay of treatment is aggressive
supportive care, as antivenom is not available in the US. Initial
treatment includes blood transfusion and corticosteroids; rituxi-
mab is second line; and patients may require splenectomy and
intravenous immunoglobulin (IVIG). Vaccines trials are underway
and antivenom is used in Brazil, Argentina, Peru, and Mexico but
requires swift diagnosis. To aid in diagnosis of local Loxosceles
envenomation, the “NOT RECLUSE” mnemonic may be applied,
and prospective diagnostic performance of the mnemonic is one
of many future research opportunities.
Conclusions: Acute care clinicians should be prepared to use
common and rare ED procedures in complex envenomation
emergencies. Further research on pathophysiology and treat-
ments, such as antivenom, immunotherapy, and vaccines, is
needed to improve outcomes. Improved access to emergency
care and treatments in underserved areas, and ability to trans-
port to definitive, higher levels of care may also help improve
outcomes, however more research is needed.
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171. Along came a spider: brown
recluse spider bites reported to the
NPDS from 2002 to 2022

Stephen Thorntona, Michael Darracqb, Tony
Rianprakaisangc, Edric Wongd and Nick Dodsond
aKansas Poison Control Center at the University of Kansas Health
System; bDepartment of Emergency Medicine, University of
California- San Francisco- Fresnoe; cDepartment of Emergency
Medicine, University of Kansas Health System; dDepartment of
Pharmacy, University of Kansas Health System

Background: The Brown Recluse Spider (Loxosceles reclusa) is a geo-
graphically limited arachnid whose envenomation can result in sig-
nificant local symptoms, including necrosis and, potentially, life
threatening systemic toxicity. However, published medical literature is
primarily limited to single center case reports and series. We sought
to examine the national trends, clinical characteristics, and treatment
of brown recluse spider bites and envenomations reported to the
National Poison Data System (NPDS) from 2002 to 2022.
Methods: The NPDS was queried for all brown recluse spider bites
and envenomations reported between 1 January 2002 to 31
December 2022. Cases which were followed to a known outcome
were included for analysis. All data in the NPDS data set was ana-
lyzed using IBM SPSS Statistics for Mac, Version 25.0 (Armonk,
NY, USA).
Results: 13750 cases were reported, 78.4% (n ¼ 10787) were
adult and 21.5% (n ¼ 2963) were pediatric cases. The average

age for adults was 40.3 years (SD 15.0) and 8.7 years (SD 5.8) for
pediatric cases. A majority (54.4%, n ¼ 5867) of adult cases
involved females while males predominated (51.5%, n ¼ 1527) in
the pediatric cases. Cases declined significantly over the study
period. The most cases were reported in 2004 (n ¼ 1326) and
the least in 2021 (n ¼ 284). Texas had the most reported total
cases (n ¼ 1571) and adult cases (n ¼ 1179), but Missouri had
the most pediatric cases (n ¼ 412). The top five reporting states
(TX, MO, TN, OK, AL) were in the brown recluse endemic region
but every state reported at least one bite and several, such as
Nevada (n¼ 382) and New York (n ¼ 206), reported hundreds of
cases. The month with the most reported cases was June for
both adults (n ¼ 1516) and pediatrics (n ¼ 467). 54% (n ¼ 5831)
of adult and 54% (n ¼ 1602) of pediatric cases were managed at
a health care facility. However, 15.8% (n ¼ 467) of pediatric cases
were admitted to a health care facility, including 5.7% (n ¼ 168)
to a critical care unit, versus 6.3% (n ¼ 679) and 1.3% (n ¼ 140),
respectively, for adult cases. Dermal effects were the 3 most
common clinical effects reported in both groups. Necrosis was
more commonly seen in adult cases (17.9%, n ¼ 1931) than in
pediatric cases (11.8%, n ¼ 350). Hemolysis was documented in
4% (n ¼ 120) of pediatric cases and in less than 1% (n ¼ 82) of
adult cases. Antibiotics were commonly used in both groups
(38% of adult, 36.2% of pediatric cases) while steroids were used
in 9.7% (n ¼ 288) of pediatric case and 7.9% (n ¼ 848) of adult
cases. Moderate or major clinical outcomes were documented in
48.7% (n ¼ 5250) of adult cases versus 40.4% (n ¼1196) of pedi-
atric cases. Six deaths were reported, 4 adult and 2 pediatric
cases.
Conclusions: Brown recluse spider bites and envenomations
reported to the NPDS declined over the study period. Cases pre-
dominated in endemic areas but the significant number of cases
from non-endemic regions may offer education opportunities for
PCC staff. Dermal effects were most common but significant clin-
ical outcomes were reported in more than 45% of cases. Though
rare, deaths were reported.
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172. Do widows weave wicked webs?
Black widow bites reported to the
NPDS from 2002 to 2022

Stephen Thorntona, Michael Darracqb, Tony
Rianprakaisangc, Edric Wongd and Nick Dodsond
aKansas Poison Control Center at the University of Kansas Health
System; bDepartment of Emergency Medicine, University of
California – San Francisco – Fresno; cDepartment of Emergency
Medicine, University of Kansas Health System; dDepartment of
Pharmacy, University of Kansas Health System

Background: Latrodectus is a broadly distributed genus of spi-
ders, which includes 5 species in North America. They are com-
monly referred to as widow spiders, with the black widow
being most notorious. Black widow envenomations are
reported to cause such significant toxicity that an antivenom is
approved for treatment. However, literature regarding black
widow envenomations remains limited primarily to isolated
case reports or series. We sought to investigate national trends,
clinical characteristics, and treatment of black widow bites and
envenomations reported to the National Poison Data System
(NPDS) from 2002 to 2022.
Methods: The NPDS was queried for all black widow spider bites
and envenomations reported between 1 January 2002 to 31
December 2022. Cases which were followed to a known outcome
were included for analysis. All data in the NPDS data set was
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analyzed using IBM SPSS Statistics for Mac, Version 25.0 (Armonk,
NY, USA).
Results: 20052 cases were reported: 76.9% (n ¼ 15425) adult and
23.1% (n ¼ 4627) pediatric cases. The average age was 40.1 years
(SD 14.4) for adult and 8.7 years (SD 5.8) for pediatric cases. Males
predominated in adult (56.8%, n ¼ 8766) and pediatric (59.9%%, n
¼ 2770) cases. Cases declined over the study period, with the most
reported in 2002 (n ¼ 1298) and the least in 2021 (n ¼ 575).
California had the most overall (n ¼ 3163), adult (n ¼ 2384), and
pediatric cases (n ¼ 779). Every state except North Dakota and
Washington reported at least one case during the study period.
The most cases were reported in September for both adult (n ¼

2222) and pediatric (n ¼ 708) cases. 61.4% (n ¼ 9466) of adult and
64.6% (n ¼ 2991) of pediatric cases were managed at a health care
facility, of which 14.3% (n ¼ 2215) of adult and 18.9% (n ¼ 873) of
pediatric cases were admitted. 5.3% (n ¼ 244) of pediatric cases
were admitted to critical care unit compared to 3.5% (n ¼ 539) of
adult cases. Dermal effects were the 3 most common clinical
effects reported in both groups, Abdominal pain was reported in
10.5% (n ¼ 1626) of adult and 11.9% (n ¼ 549) of pediatric cases.
Benzodiazepines were used in 22.8% (n ¼ 3533) of adult and
20.2% (n ¼ 937) of pediatric cases but opioids were used in only
3.7% (n ¼ 569) of adult and 2.5% (n ¼ 119) of pediatric cases.
Calcium was given in 2.6% (n ¼ 395) of adult and 1.8% (n ¼ 85) of
pediatric cases. Antivenom was used in less than 1% of both adult
and pediatric cases, however, 85.9% (n ¼ 122) of all antivenom
was given since 2018. Moderate or major clinical outcomes were
documented in 36.1% (n ¼ 5579) of adult cases versus 30% (n ¼

1390) of pediatric cases. No deaths were reported during the study
period
Conclusions: Black widow spider bites and envenomations
reported to the NPDS declined over the study period. Clinical
effects were typically dermal though systemic effects such as
abdominal pain and hypertension were reported. Benzodiazepines
were commonly given while antivenom therapy was rarely admin-
istered. Though they have a lethal reputation, no death from a
black widow bite or envenomation was reported in this study.
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173. Big spider, big problems?
Tarantula exposures reported to the
NPDS from 2002 to 2022

Stephen Thorntona, Michael Darracqb, Tony
Rianprakaisangc, Edric Wongd and Nick Dodsone
aKansas Poison Control Center at the University of Kansas Health
System; bDepartment of Emergency Medicine, University of
California – San Francisco – Fresno; cDepartment of Emergency
Medicine, University of Kansas Health System; dDepartment of
Pharamacy, University of Kansas Health System; eDepartment of
Pharmacy, University of Kansas Health System

Background: Tarantulas are a group of large, hairy spiders with
worldwide distribution, including the United States. The large
size of these spiders has given them a dangerous reputation in
lay press. Interactions with tarantulas can result in envenomation
and, uniquely, exposures to the urticating hairs or bristles.
Medical literature regarding exposures to tarantulas in the United
States is limited and restricted to primarily case reports. We
sought to investigate the national trends, clinical characteristics
and treatment of tarantula exposures reported to the National
Poison Data System (NPDS) from 2002 to 2022.
Methods: The NPDS was queried for all tarantula bites and enve-
nomations between 1 January 2002 to 31 December 2022. Cases
which were followed to a known outcome were included for

analysis. All data in the NPDS data set was analyzed using IBM
SPSS Statistics for Mac, Version 25.0 (Armonk, NY, USA).
Results: 759 Cases were reported, 63.2% (n ¼ 480) were adult
and 36.7%% (n ¼ 273) were pediatric cases. The average adult
age was 37.3 years (SD 14.9) and 9.4 years (SD 4.9) for pediatric
cases. A majority of the cases involved male patients for both
adults (58.3%, n ¼ 280) and pediatrics (62.2%, n ¼ 170). The
highest number of cases were reported in 2002 (n ¼ 118) and
the fewest in 2017 (n ¼ 8). Texas had the most reported overall
cases (n ¼ 101) and pediatric cases (n ¼ 37), but Arizona had
the most adult cases (n ¼ 64). Cases were reported from every
state except Hawaii, Maine, Rhode Island, and North Dakota. The
most cases were reported in the month of September (n ¼ 101).
45% (n ¼ 216) of adult and 33.7% (n ¼ 92) of pediatric cases
were managed at a health care facility. 3.1% (n ¼ 15) of adult
and 2.9% (n ¼ 8) of pediatric cases were admitted to a health
care facility. Only 2 adult cases and 1 pediatric case were admit-
ted to a critical care unit. Dermal effects were the 4 most com-
mon clinical effects reported in both groups. Eye effects were
reported in 3.7% (n ¼ 18) of adult cases and 5.5% (n ¼ 15) of
pediatric cases. Local wound cleaning was the most common
intervention in both groups, 56.7% (n ¼ 272) in adult and 66.3%
(n ¼ 181) in pediatric cases. Moderate or major clinical outcomes
were documented in 16.2% (n ¼ 78) of adult cases versus 9.9%
(n ¼ 27) of pediatric cases. No deaths were reported.
Conclusions: Tarantula exposures were rarely reported to the
NPDS. When they were, dermal effects predominated while ocu-
lar effects were rare. Basic wound care was most commonly per-
formed and significant morbidity or mortality was lacking.
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174. Ranolazine exposures reported to
the NPDS

Stephen Thorntona and Michael Darracqb
aKansas Poison Control Center at the University of Kansas Health
System; bUniversity of California – San Francisco – Fresno

Background: Ranolazine is a piperazine derivative which was
approved in 2006 as a treatment for chronic stable angina. Its
mechanism of action is believed to include inhibition of late
inward sodium channels and may also inhibit rapid delayed recti-
fied potassium channels at higher doses. Published medical lit-
erature concerning exposures to ranolazine is limited though
several deaths have been reported. We sought to describe the
characteristics of ranolazine ingestions reported to the NPDS.
Methods: This was a cross sectional study consisting of NPDS
data collection utilizing quantitative data for the period of 1/1/
2006 to 12/31/2022 to identify all single agent human exposures
to ranolazine followed to a known outcome. All data entered
into NPDS was collected and analyzed using Microsoft Excel
(Microsoft Corp., Redmond, Washington, 2010).
Results: 650 Cases were identified. 348 Cases (53.54%) were
female. 501 cases (77.1%) involved adult patients. The average
age of adult patients was 68 years (SD 14.3) and 3 years (SD 4)
for pediatric patients. The top three reasons for exposure were
unintentional-therapeutic error (425, 65.38%), unintentional-gen-
eral (146, 22.46%) and intentional-suspected suicide (36, 5.54%).
The highest number of cases were reported in 2015 (n ¼ 72).
Forty-six cases were reported in 2022. No clinical effect was
reported in 407 cases (62.6%). All unintentional pediatric expo-
sures resulted in no clinical effect. Moderate or major medical
outcomes were reported in 95 cases (14.6%), 4 of these were
intentional pediatric cases. Eighty-five cases (13.1%) were admit-
ted to the hospital including 49 cases which were admitted to
critical care unit. Hypotension was reported in 20 cases,
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bradycardia in 16 cases, and QT prolongation in 9 cases. Asystole
occurred in 4 cases. Intubation was performed in 12 cases and
vasopressors were used in 10 cases. ECMO was reported in 1
case. There were 2 deaths reported, both adults with one case
being an intentional-suspected suicide and other documented as
an adverse drug reaction.
Conclusions: Single agent ranolazine exposures reported to
NPDS were uncommon and most commonly due to uninten-
tional therapeutic errors. Unintentional pediatric exposures were
associated with no clinical effect. However, intentional or adult
ranolazine exposures were associated with significant clinical
effects, sometimes requiring critical care interventions. Deaths,
though rare, were reported.
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175. Neurological effects on
adolescents exposed to horse conch

Stefan Weekes
Florida Poison Centers

Background: Brevetoxins are polyether toxins produced by dino-
flagellate Karenia brevis and cause sodium channel-mediated
depolarization resulting in a stimulatory nervous effect.
Brevetoxins can be associated with “Red Tide,” which contami-
nates bivalve shellfish, including scallops, clams, mussels, and
oysters. It also contaminates water, aerosols, or foams near the
shore. These toxins can be found in the Gulf of Mexico, the
United States Southeastern and mid-Atlantic coasts, and New
Zealand.
Case series: Two children, ages 10- and 14-year-old females,
were brought to the emergency department for gastrointestinal
upset and paresthesias after eating the horse conch. Emergency
medical services reported persistent vomiting during transport
and the appearance of sea snails within the emesis, and a foul
pungent odor. The 10-year-old child experienced nausea, vomit-
ing, tachycardia, tachypnea, whispering when attempting to
speak, muscle rigidity described as lockjaw and clenching of the
hands, and paresthesias of extremities. She had labs within nor-
mal limits, except for an elevated lactate of 4mmol/L. The 14-
year-old child experienced mild symptoms of nausea, vomiting,
and paresthesias of the hands. Her labs were unremarkable. Both
children were treated with antiemetics, diphenhydramine, mul-
tiple doses of lorazepam, and normal saline. After a few hours,
symptoms resolved, and the children were medically cleared. It
was later discovered that the family harvested suspected horse
conch at a local beach, and all family members who consumed it
developed symptoms.
Discussion: The potential sources of exposure include horse
conch (Triplofusus giganteus), lightning whelk (Busycon sinistrum),
crown conch (Melongena corona), fighting conch (Strombus ala-
tus), true tulip (Fasciolaria tulipa), and banded tulip (Fasciolaria lil-
ium). The suspected Triphlofusus giganteus is traditionally
considered edible. However, given recent findings of brevetoxin
being found in gastropods after red tide events, clinicians should
be aware of this relationship between the two. These patients
were exposed to horse conch during a high red tide event with
concentrations of Kerenia brevis greater than 1,000,000 cells/liter
in the area. This amount of Kerenia brevis may cause effects plus
water discoloration. Symptoms from ingesting seafood contami-
nated with brevetoxin can include perioral paresthesia, which
may spread. Gastrointestinal symptoms are also quite apparent.
Vertigo, "hot and cold temperature reversal," ataxia, and muscle
twitching may manifest. Seizures may occur. Gastrointestinal and
neurological symptoms tend to occur at approximately the same
time. Poisoned seafood looks and tastes the same as

uncontaminated food, but cooking will not destroy the toxin.
Most reported exposures to red tide are related to inhalation of
sea spray containing the brevetoxin organisms. Symptoms are
usually associated with the respiratory system, such as nasal irri-
tation, bronchospasm, dyspnea, cough, and rhinorrhea.
Conclusions: This case series provides evidence that more
research is needed to uncover potential poisoning from exposure
to ingested harvested seafoods during high red tide events.
Furthermore, rapid assessment and treatment for neurological
symptoms were shown to be effective in preventing severe
outcomes.
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176. A very hungry toddler who ate a
caterpillar!

Masouma Mohameda, Alexander Sidlakb and
Brian D'Cruza
aInova L J Murphy Children's Hospital; bInova Fairfax Hospital

Background: Lepidoptera poisoning is a very rare presentation to
emergency departments. Symptoms range from local skin derma-
titis (erucism) to systemic symptoms known as lepidopterism.
Our case describes a pediatric patient who presents with drool-
ing and sore throat after ingestion of a caterpillar. Lepidoptera: A
Greek name, meaning scaly winged, is an order of insects.
Caterpillars are the larvae of butterflies and moths belonging to
Lepidoptera. In the US, most caterpillars are harmless, but several
types are venomous, the latter can cause variable symptoms in
humans upon exposure. Symptoms range from local skin derma-
titis (erucism) to systemic symptoms (lepidopterism) including
headache, nausea, or severe allergic symptoms. While the puss
caterpillar (Megalopyge opercularis) is the most common cause of
erucism in the United States, the White flannel moth caterpillar
(Norape ovina), which is more prevalent in Virginia, has been
reported to cause erucism. The exact chemical composition of
the toxin is not known, but it contains hyaluronidase, peptides,
phospholipase A, and a histamine-releasing substance.
Case report: 14 months old previously healthy female presents
to the emergency department with drooling and refusal to eat.
The toddler’s parent reported that a few hours prior to the pres-
entation, the patient chewed on a black hairy caterpillar before
she spit it out. The patient was asymptomatic initially but then
started drooling, crying, and refusing to eat. In the emergency
department: the patient’s vital signs were BP 125/89, Pulse 147,
Temp 97.7 �F (36.5 �C) (Temporal), Resp 25, SpO2 100%. She was
drooling, breathing comfortably, with no stridor. Multiple tiny fil-
aments/hairs were embedded in the tongue, lingual mucosal,
buccal mucosa, left tonsil, soft palate, and uvula. No fluctuance.
Imaging was done in the form of a soft tissue neck x-ray which
was normal. The patient was transferred to the operating room
under ENT service, where extensive black caterpillar hairs were
found, embedded in the mucosal tissue. These were carefully
removed. Direct laryngoscopy was then performed to evaluate
the posterior oropharynx and glossopharyngeal region. The
patient’s symptoms improved and was discharged home.
Discussion: The differential diagnosis of a pediatric patient pre-
senting with drooling includes but is not limited to, foreign body
ingestion, infectious etiologies, and accidental exposure to toxins.
Caterpillar ingestion is an uncommon presentation to the ER.
Upon ingestion of the caterpillar, and because of the local reac-
tion to the toxin excreted from the spines, inflammation of the
oral cavity may develop which can manifest as erythema, swel-
ling, and burning of the mucous membranes. This can explain
our patient’s symptoms. Although our patient did not have signs
of upper airway obstruction, it remained a big concern. Airway
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management in a controlled environment room with anesthesia
and ENT specialists’ presence was the safest option for our
patient. The treatment for caterpillar exposure involves decon-
tamination by removing the hairs/spines and symptomatic man-
agement with analgesics, antihistamines, and steroids.
Conclusions: Caterpillar ingestion is a very rare presentation to
the ER. Our case description outlines the presentation and man-
agement of caterpillar ingestion in a pediatric patient.
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177. Dexmedetomidine: a potential
homicidal medicine?

Hsiang-Ling Chena, Jou-Fang Denga and
Chen-Chang Yangb
aNational Poison Control Center, Taipei Veterans General Hospital,
Taipei, Taiwan; bInstitute of Environmental & Occupational Health
Sciences, National Yang Ming Chiao Tung University

Background: Dexmedetomidine, a sedative used in human
medicine and veterinary practice, can cause overdose-related
effects such as over-sedation, bradycardia, and hypotension. A
study in 2019 reported its detection in drug-facilitated sexual
assault cases.
Case report: A 61-year-old female with a history of hypertension
and hyperlipidemia was admitted to the emergency department
(ED) due to altered mental status, bradycardia, and hypothermia.
These symptoms occurred after having lunch with her son and
his friend. The son also experienced similar symptoms. They were
found unconscious at home by a relative after approximately
7 hours and were taken to the ED. Upon arrival, body tempera-
ture was 34 �C and heart rate was 48 beats/min. She had pin-
point pupils and a Glasgow Coma Scale score of E3V5M6.
Naloxone and flumazenil were administered but had no effect. A
urine benzodiazepine (BZD) test was negative. Pralidoxime and
atropine were given suspecting organophosphate/carbamate
insecticide poisoning, although cholinergic toxidrome was not
observed. The patient's consciousness improved on day 2, but
she remained drowsy. She was transferred to Taipei Veterans
General Hospital for suspected homicidal poisoning. At the ED,
her pupil size was normal, and an ECG showed sinus bradycardia.
Laboratory tests, including serum digoxin concentration and cho-
linesterase levels, were normal. Urine toxicological tests by using
Q-TOF and LC-MS/MS revealed the presence of dexmedetomi-
dine and scopolamine. Her condition gradually improved, and
she was discharged on day 4.
Discussion: The clinical effects of dexmedetomidine poisoning
primarily involve central nervous system (CNS) depression.
Numerous medications, such as BZD, psychiatric drugs, and
gamma-hydroxybutyrate (GHB), can cause similar CNS depression.
Due to the patient's negative BZD screen, the possibility of BZD
overdose was unlikely. As for GHB exposure, because her initial
urine sample was not available, it was not possible to completely
exclude the possibility of GHB exposure. The patient was found
to have dexmedetomidine and scopolamine in her urine. Among
them, scopolamine has previously been reported to be used for
recreational purpose in Taiwan and may induce central anti-
cholinergic effects and coma. However, the lack of peripheral
anticholinergic toxidrome makes the diagnosis of overt scopol-
amine poisoning unlikely. Dexmedetomidine poisoning is rarely
reported in Taiwan, and the diagnosis without appropriate toxi-
cological tests is difficult. Only two other cases of dexmedetomi-
dine detection were previously reported in our toxicology
laboratory, both associated with drug-facilitated sexual assaults.
Conclusions: Homicidal dexmedetomidine poisoning is highly
suspected in this unusual case. Due to the rarity of

dexmedetomidine poisoning, diagnosis is challenging without
appropriate toxicological tests. Emergency physicians and clinical
toxicologists should consider dexmedetomidine poisoning as a
possibility when encountering patients with CNS depression,
bradycardia and miosis in the ED.
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178. Expanding access to ECMO for
poisoned patients: remote
cannulation before transfer to
ECMO center

Jon Colea, Stephen Douglasb, Matthew Prekkerb,
Brian Driverb, Laikyn Holsingb and Travis Olivesa
aMinnesota Poison Control System; bHennepin Healthcare

Background: The use of extracorporeal membrane oxygenation
(ECMO) for poison-induced shock has steadily increased in recent
years, however geographic disparities exist, with rural areas hav-
ing limited ECMO access. Though ECMO is typically utilized at
specialty centers, it is feasible to cannulate for ECMO at a refer-
ring hospital and then transport the patient on ECMO support to
the receiving specialty center. This strategy could increase ECMO
access for severely poisoned patients, but is poorly described in
the toxicology literature. As such, the purpose of this study was
to determine the percentage of poisoned patients treated with
ECMO cared for by a single regional Poison Center (PC) that
were cannulated at a referring hospital and then transferred to
an ECMO center.
Methods: Cases were identified by querying our PC’s electronic
patient database (ToxicallV

R

) for the therapy code “ECMO” was
"performed, whether or not recommended," from 2000 to 2023.
The study PC serves 3US States encompassing > 230,000 square
miles containing 5 major ECMO centers, 4 of which are clustered
in one metropolitan area, 2 of which serve exclusively children.
Data was abstracted by a trained abstractor for the following
information: reported substance/poison exposure, location of
ECMO cannulation, whether transfer to an ECMO center occurred,
distance of patient travel, complications relating to ECMO cannu-
lation and during patient transfer, concomitant therapies, clinical
effects, and patient outcomes including mortality. Descriptive sta-
tistics were used for analysis.
Results: From 2000 to 2023, 73 patients had ECMO performed
for poisoning with veno-arterial (VA-ECMO, n ¼ 58, 89%) being
the most common configuration. The most common responsible
poisons were bupropion (n¼ 10, 14%), amlodipine (n ¼ 6, 8%),
and flecainide (n ¼ 4, 5%). Forty-four percent of patients (n ¼

32) received CPR, 18% (n ¼ 13) were cardioverted, and 92% (n ¼

67) received vasopressors with a median of 3 concomitant vaso-
pressor infusions. Fifty-two patients (72%) survived, all coded as
Major Effect. Twenty patients presented directly to an ECMO cen-
ter; 53 patients (73%) were transferred to an ECMO center.
Results: Of the 53 patients transferred, 20 (37%) were cannulated
at an outside facility. We found no difference in survival in
patients undergoing outside facility cannulation (14/20, 70%) ver-
sus cannulation at an ECMO facility (37/52, 71%, P ¼ 0.92). In
sub-analysis of patients experiencing cardiac arrest before ECMO
cannulation (n ¼ 40, 55%), survival was 50% in both those can-
nulated at an outside facility (6/12, 50%) and at an ECMO center
(14/28, P ¼ 0.79). Median distance traveled after outside facility
cannulation was 15.3 miles (IQR: 7.75–130.75, range 1.31–383.5).
No patients had cardiac arrest or died during transport.
Conclusions: We found cannulation at an outside facility to be
common in patients who received ECMO for poisoning. Survival
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was similar in patients cannulated at an ECMO center compared
to those cannulated at outside facilities. Outside-facility cannula-
tion could extend the availability of ECMO for poisoned patients
with severe shock. This has important implications for Poison
Centers, who often coordinate the care and transfer of complex
toxicologic patients in austere environments.
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179. Lessons learned in sustaining a
bedside clinical medical toxicology
practice for almost twenty years

Jerrold Leikin
University of Illinois Hospital

Background: The Medical Toxicology (MT) practice at
NorthShore University Health System existed for almost twenty
years (from 1 July 2001, through September 20, 2020). I describe
the financial lessons of one of the largest privately dedicated full
time (1 FTE with moonlighters) MT practices for inpatient, out-
patient, and forensic evaluations.
Methods: Financial data (charges, revenue, relative value units or
RVU, and reimbursement rates or RR) of the practice encompass-
ing five Chicago suburban hospitals and one outpatient clinic
site were analyzed. Patient encounters were billed by Current
Procedural Terminology (CPT) codes according to contracts nego-
tiated by the medical group. Forensic revenue is defined as non-
clinical revenue involving primarily Industry contracts,
Independent Medical Evaluations (IME), and treater medical-legal
services. This practice didn’t involve addiction medicine services
(other than acute inpatient withdrawal).
Results: COVID-19 related restrictions resulted in a decrease of
60% in charges from April to September 2020 with a correspond-
ing decline of work RVU of 58% (687 pre-COVID/six months to
396 during COVID/six months). Our final denial rate had
improved by 1.2% since MT Specialty CMS code implementation
in October 2017. Electronic Medical Record (EMR) based MT
inpatient order set (n ¼ 28) usage started in year 7 and has
been utilized over 10,000 times since its inception– this has been
associated with a reduction of inpatient consultations after year
9. Neonatal consultations (almost exclusively Neonatal
Abstinence Syndrome or NAS) RR was < 10%. Forensic revenue
as a percentage of total practice revenue rose from 37%
($116,020) in 2011 to 61% in 2018 ($172,622). Forensics RR was
100% with > $1400/RVU (clinical patient revenue / RVU was
$59.89 in FY 2019 and $69.89 in FY 2020).
Conclusions: Lessons learned during this almost twenty-year
journey include: Due to its unique status, MT should be sepa-
rated from multi-specialty group contracts with private payers.
This is especially evident in the declining critical care code
(99291) charges (from $1033 in 2003 to $655 in 2018; critical
care made up approximately 25% of all initial inpatient charges)
and low neonatal RR. Denial management procedures (especially
reconsideration) are a vital component to capture revenue. EMR
order set usage resulted in a marked decline in inpatient consul-
tations. CPT code modifiers (especially 99358) increase revenue
marginally due to its restrictive reimbursement. Overheads cost
(rent, administrative assistance, practice management, insurance,
biller cost) accounted for 35–40% of revenue. Forensic revenue
provides substantial revenue support for MT practice. MT
Specialty CMS code implementation resulted in marginal revenue
increase. NAS consultations had the lowest RR despite being the
most intensive and time-consuming consultations. The COVID 19
outbreak caused a mark reduction revenue (especially clinic cen-
sus). Clinic revenue was greater than inpatient revenue. Target

Accounts Receivable – 70 days (Practice takes 3 years to mature).
MT practice attracts patients from a larger catchment area than
that of traditional medical group practice. Finally, don’t assume
that Emergency Medicine billers can be competent in MT billing
(particularly denial management).
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180. Comparing beta blocker
ingestions: a review of the Toxicology
Investigators Consortium database

Tony Rianprakaisang, Edric Wong and on behalf of
the Toxicology Investigators Consortium (ToxIC)
University of Kansas Medical Center

Background: Beta antagonists represent a widely used class of
medications. Overdose can result in hypotension, bradycardia,
cardiac conduction delays and cardiac arrest. It is currently
unclear which beta antagonist overdoses result in the highest
morbidity and mortality. We sought to compare clinical features
and treatments used in single-agent beta antagonist overdoses.
Methods: We queried the Toxicology Investigators Consortium
(ToxIC) Database from January 2010 to June 2022 for all single-
agent beta–blocker ingestions in adults and children. Statistics
are descriptive.
Results: There were a total of 512 single-agent beta–blocker
ingestions identified. The five most common agents were used
for comparison and included metoprolol (n ¼ 187), propranolol
(n ¼ 147), carvedilol (n ¼ 58), atenolol (n ¼ 34), and labetalol (n
¼ 32). Hypotension (SBP < 80) was most common with labetalol
(37.5%), followed by carvedilol (36%), atenolol (35%) metoprolol
(28%), and propranolol (26%). Bradycardia (P < 50) was most
common in atenolol ingestion (50%) followed by propranolol
(42%). Labetalol was least likely to cause bradycardia (16%).
Hypoglycemia (10%) and seizure (5%) were most common in
propranolol ingestion, but seen in only 1.3% and 0.3%, respect-
ively, of all other beta antagonist agents analyzed. Aggregate
ingestion data revealed intravenous fluids were the most com-
mon therapy administered (34%), followed by glucagon (29%)
and vasopressors (14%). Vasopressors were most commonly used
in labetalol ingestions (22%) and least commonly administered in
atenolol ingestions (8.8%). Lipid administration was highest in
propranolol ingestions (9%). Only 2.4% of all ingestions required
CPR, and there were very low fatality rates in the dataset (1.3%).
Beta blocker toxicity is a complex condition and requires toxicol-
ogists to consider a number of treatment options. Although
receptor selectivity may be lost in overdose, our data demon-
strate differences in treatments selected and/or required for vari-
ous beta antagonist overdoses. Consistent with previous reports,
propranolol ingestions are most likely to result in seizures and
hypoglycemia compared to other agents. Overall, despite treat-
ment differences between agents, mortality was relatively low.
Conclusions: Our data from the ToxIC registry are consistent
with previous literature on beta antagonist ingestions and indi-
cate a relatively low overall mortality rate. Propranolol was more
likely to result in seizures and hypoglycemia compared to other
agents. Further studies may be warranted to identify specific
treatment regimens based on agent ingested.
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181. Intentional baclofen exposures
reported to US poison control centers
from 2000–2020

Sydney Picketta, Brynne Hinchmanb and
Amberly R. Johnsonb
aUniversity of Utah College of Pharmacy; bUtah Poison Control Center

Background: Baclofen is a gamma-aminobutyric acid (GABA)B
receptor agonist approved in 1977 for the treatment of spasticity
with off-label uses for alcohol use disorder, reducing cravings,
and nonopioid analgesia. A previous study on baclofen expo-
sures reports the top reason for exposure as suspected suicide.
The purpose of this study is to further collect demographic infor-
mation, effects, and outcomes of intentional baclofen exposures
reported to US Poison Control Centers (PCCs).
Methods: A retrospective review of intentional baclofen expo-
sures reported to US PCCs from the years 2000-2020 was per-
formed. Coded reasons for exposure included suspected suicide,
intentional misuse, intentional abuse, and intentional unknown.
Cases were excluded if the medical outcome was confirmed non-
exposure or unrelated effect. For clinical effects and therapies
provided, polysubstance exposures were excluded. This study
was deemed non-human subject research by our institutional
review board.
Results: After exclusion criteria, a total of 36,765 intentional
baclofen exposures were identified. The mean age was 39.6 years
(median 40 years; range 4 days to 116 years; SD 14.9 years). The
patients were 61.9% female. The top reason for intentional expo-
sures was suspected suicide (n¼ 28375, 77.2%), followed by mis-
use (n¼ 3153, 8.6%), unknown (n¼ 2719, 7.4%), and abuse
(n¼ 2518, 6.8%). The average percent increase in number of
exposures per year was 10.7% (SD 10.4%, range -16.8% to 27.3%),
with rates steadily increasing until 2018 and decreasing in 2019
and 2020. Over half of exposures included multiple substances
(n¼ 22471, 61.1%), while 38.9% (n¼ 14294) were single-substance
exposures. The top five most common coingestants were benzo-
diazepines (n¼ 6372), ethanol beverages (n¼ 3594), gabapentin
(n¼ 2844), atypical antipsychotics (n¼ 2339), and acetaminophen
with hydrocodone (n¼ 2058). In polysubstance exposures, the
top three most common medical outcomes were moderate effect
(n¼ 9322, 41.5%), major effect (n¼ 5236, 23.3%), and minor effect
(n¼ 4886, 21.7%). Death was observed in 149 patients (0.7%). In
single-substance exposures, the most common medical outcome
was moderate effect (n¼ 5404, 37.8%), followed by minor effect
(n¼ 3444, 24.1%) and major effect (n¼ 2484, 17.4%). Death was
observed in 38 patients (0.3%). Over half of all exposures were
admitted to a health care facility (n¼ 23288, 63.3%), with 50.5%
(n¼ 18571) admitted to a critical care unit. The following clinical
effects occurred in �10% of cases: drowsiness/lethargy (n¼ 6532,
45.7%), confusion (n¼ 2620, 18.3%), agitation (n¼ 2487, 17.4%),
bradycardia (n¼ 2412, 16.9%), coma (n¼ 1951, 13.6%), vomiting
(n¼ 1602, 11.2%), and respiratory depression (n¼ 1584, 11.1%).
The most common therapies performed (�10% of cases) were IV
fluids (n¼ 6739, 47.1%), oxygen (n¼ 4370, 30.6%), intubation
(n¼ 3323, 23.3%), ventilator (n¼ 3100, 21.7%), benzodiazepines
(n¼ 2321, 16.2%), sedation - other (n¼ 2315, 16.2%), and single
dose charcoal (n¼ 1460, 10.2%).
Conclusions: Suspected suicide remains the top reason for inten-
tional baclofen exposures. Intentional exposures have steadily
increased from 2000 until 2018, when exposures began to
decrease. More than half of all intentional exposures included coin-
gestants. The top medical outcome reported was moderate effect
and the most severe outcome was death but was rare. Most
patients were managed in a health care facility, with IV fluids and
airway management as the most common therapies provided.
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182. Hydrogen sulfide intentional
suspected suicide exposures reported
to US poison centers

Matthew Novaka, Jenny Lub and Michael Wahlb
aIllinois Poison Center; bToxikon Consortium

Background: In the early 2010s, the emergence of hydrogen sul-
fide (H2S) as an agent of suicide was reported to US poison cen-
ters and there was concern that this ma y become a common
form of suicide in the US This study uses NPDS data to look at
trends in H2S poisoning reported to US poison centers.
Methods: A retrospective review of exposures coded to the gen-
eric code for H2S and suicidal intent in the National Poison Data
System (NPDS) for the 15 year time period 1 January 2008 to 31
December 2022 was conducted. Aggregate data for number of
cases by year, clinical effects, therapies, medical outcome and
HCF utilization was analyzed.
Results: A total of 97 cases were identified; 67 (69.1%) were
male and 26 (26.8%) were female and the gender of 4 (4.1%)
patients was unknown. Ages ranged from 15 to 73 years, with a
mean and median age of 33 and 28 years respectively. There
were an average of 7.6 cases/year in the first ten years of the
study and 3.2 cases/year in most recent 4 years, a decrease of
58% The most common symptoms coded were cardiac arrest 25,
respiratory arrest 24, tachycardia 20, asystole 13, Coma 11, drow-
siness/lethargy 9, hypertension 9, acidosis 8, respiratory depres-
sion 8, and cough/choke 8. In a 15 year retrospective review of
NPDS data, intentional suspected suicide exposures to H2S rose
and fell with no discernible pattern between 2007 and 2017. The
year 2012 had the most reported exposures with 12. After 2017,
the number of exposures and fatalities decreased markedly.
Cases coded to suicidal intent utilizing H2S had a high mortality
rate as 40% of reported cases were fatal (39 total deaths, 26 dir-
ect and 13 indirect), were reported to US Poison Centers. This
data is likely an underrepresentation of the true number of expo-
sures and fatalities since a regional poison center is not required
to be contacted by a healthcare facility and/or medical examiner.
Conclusions: The number of H2S suspect suicide exposures
reported to US Poison Centers decreased in the last 6 years of the
observational study and have remained stable 2017–2022. It is
unclear why the number of exposures has recently decreased and
further research may be needed as to the changing epidemiology
of the use of this potent toxin as an agent of suicidal intent.
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183. The role of the QRS interval
prolongation in prognosticating
severe toxicity in overdose

Mark Simona, Sabrina Kaplana, Karen Muschlera,
Christopher Hoytea, Jeffrey Brentb and on behalf of
the Toxicology Investigators Consortium (ToxIC)
aRocky Mountain Poison and Drug Safety; bUniversity of Colorado
School of Medicine

Background: Prior studies have evaluated the role of the QRS
interval in prognosticating seizures and ventricular dysrhythmias
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in tricyclic antidepressants. These findings are often extrapolated
to other sodium channel antagonists, although doing so has not
been validated. The purpose of this study was to evaluate
whether QRS interval prolongation is predictive of severe find-
ings in other xenobiotics
Methods: This was a secondary analysis of cases reported to the
Toxicologic Investigators Consortium (ToxIC) Core Registry
between 1 January 2010, and 31 December 2022. All cases with
documented QRS interval prolongation were obtained. These
data were analyzed to obtain the seven most frequent single-
agent xenobiotic exposures with QRS interval prolongation. This
included ethanol, which was excluded due to the concern that
patient intoxication might mask other potential exposures. All
cases of single-agent exposure to these xenobiotics were
obtained, regardless of QRS interval duration. The inclusion crite-
ria were older than 12 years with a single-agent exposure to one
of these six xenobiotics. The variables evaluated were seizure,
ventricular dysrhythmia, metabolic acidosis, and death. Statistical
analysis was performed using relative risk, sensitivity, specificity,
positive predictive value, and negative predictive value calcula-
tions. Prolongation of the QRS interval was defined as greater
than 120 milliseconds by the ToxIC Core Registry.
Results: There were 1,390 cases of QRS interval prolongation iden-
tified of the 94,939 (1.5%) total cases during the study period.
Eight-hundred cases were single-agent exposures. The most com-
mon single-agent exposures in descending frequency were diphen-
hydramine, amitriptyline, ethanol, bupropion, quetiapine,
nortriptyline, and cocaine. There were 5,191 cases of single-agent
exposures to these agents, excluding ethanol, of which 4,655 cases
met the inclusion criteria. Patients with QRS interval prolongation
had significantly increased relative risks of developing seizure, ven-
tricular dysrhythmia, metabolic acidosis, and death compared to
patients with normal QRS duration, except for ventricular dysrhyth-
mia in nortriptyline and metabolic acidosis and death in nortripty-
line and quetiapine. A normal QRS duration had a negative
predictive value of greater than 90% that patients would not
develop metabolic acidosis and 98% or greater that patients would
not develop ventricular dysrhythmia or death from these six agents.
Conclusions: Previous studies suggest that a prolonged QRS in
tricyclic antidepressant overdose is associated with an increased
risk of seizure and ventricular dysrhythmia. This study demon-
strates that QRS interval prolongation after exposure to these
xenobiotics is associated with an increased risk of seizure, ven-
tricular dysrhythmia, metabolic acidosis, and death. Furthermore,
patients without a prolonged QRS are unlikely to develop ven-
tricular dysrhythmias or death.
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184. Confirmed drug exposures in ED
patients presenting after opioid
overdose with self-harm intent

Rachel Culbretha, Kim Aldya, Paul Waxa, Sharan
Camplemana, Jeffrey Brentb, Alex Krotulskic, Shao Lia,
Stephanie Abstona, Barry Loganc, Alex Maninid and
on behalf of the ToxIC Fentalog Study Group
aAmerican College of Medical Toxicology, Phoenix, AZ, USA;
bUniversity of Colorado School of Medicine; cCenter for Forensic
Science Research and Education; dIcahn School of Medicine at
Mount Sinai

Background: The majority of patients who present after an opi-
oid overdose do not intend to overdose. However, deliberate
self-harm, including suicide attempts and non-suicidal self injury
(NSSI), is often under recognized in this population. The purpose

of this study is to determine the confirmed drug exposures pre-
sent among patients presenting to the emergency department
(ED) for an opioid overdose with intent to self-harm. A secondary
objective is to determine the differences in confirmed drug expo-
sures between patients with intent to self-harm compared to
misuse/abuse.
Methods: This study utilized data from the Toxicology
Investigators Consortium (ToxIC) Fentalog Study, a prospective,
observational study of patients presenting to 10 ED sites with sus-
pected opioid overdose from September 2020 to April 2023.
Waste serum, drawn as part of routine clinical care, was collected,
de-identified, and analyzed using liquid chromatography quadru-
pole time-of-flight mass spectrometry for the presence of over
1,000 novel psychoactive substances, drugs of abuse, and thera-
peutic agents. Classification of overdose intent was determined
by chart review, and assigned one of the following categories:
self-harm (including suicide attempt, NSSI, and unknown), misuse/
abuse, therapeutic intent, drug concealment, and unknown. Study
enrollment with waiver of informed consent was approved by a
central IRB (WCG IRB). Bivariate statistical tests were used to
determine the prevalence of confirmed drug exposures between
those presenting with self-harm compared to those with misuse/
abuse. All analyses were conducted in R v4.2.1.
Results: Patients presenting with self-harm intent comprised
10.6% of the total sample of opioid overdoses. The most preva-
lent drug exposures included adulterants (59.3%), fentanyl and
fentanyl analogs (57.4%), prescription opioids (48.1%), and anti-
depressants (42.6%). Compared to patients with misuse/abuse
intent, patients with self-harm intent had a lower percentage of
fentanyl and fentanyl analogs (84.4 vs. 57.4%, respectively,
P< 0.001) and stimulants (50.8 vs. 33.3%, respectively, P¼ 0.02).
Diazepam was found more often in patients presenting with self-
harm (22.2%) compared to patients with misuse/abuse intent
(7.7%) (P ¼ 0.001); however, the overall prevalence of prescrip-
tion benzodiazepines was not statistically different between the
two groups. Even though adulterants were one of the most
prevalent drug classes found in patients with self-harm intent,
adulterants were much more likely to be found in patients pre-
senting with misuse/abuse compared to those with self-harm
intent (76.9 vs. 59.3%, respectively, P ¼ 0.008), including xylazine
(24.2 vs. 7.4%, respectively, P¼ 0.003). The combination of fen-
tanyl and stimulants were more prevalent among patients pre-
senting with misuse/abuse intent compared to self-harm intent
(44.0 vs. 25.9%, P ¼ 0.02).
Conclusions: Fentanyl and fentanyl analogs, adulterants, pre-
scription opioids, and antidepressants were the most prevalent
confirmed drug exposures in patients presenting with self-harm
intent. However, fentanyl/fentanyl analogs and stimulants were
statistically more likely to be found in patients with misuse/
abuse.
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185. Antidepressant overdose:
seizures and not hypoglycaemia are
important

Geoff Isbistera, Shane Jenkinsb, Keith Harrisc and
Katherine Isoardic
aDepartment of Clinical Toxicology, Calvary Mater Newcastle,
Australia; bClinical Toxicology Research Group, University of
Newcastle, Australia; cClinical Toxicology Unit, Princess Alexandra
Hospital, Australia

Background: Hypoglycaemia is an uncommon effect of anti-
depressant overdose, and recent reports have suggested that it
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occurs more commonly with venlafaxine and is associated with
seizures. We aimed to investigate the relative frequency of hypo-
glycaemia and seizures in all antidepressant overdoses, and
whether they are associated.
Methods: We extracted all cases of antidepressant poisoning
presenting to two Clinical Toxicology Services in Newcastle and
Brisbane from Jan 2020 to Apr 2023. Data are recorded prospect-
ively in a clinical database, and were extracted, including demo-
graphics, dose (defined daily dose [DDD]), co-ingestants, blood
glucose level (BGL), hypoglycaemia (BGL < 4.0mmol/L), seizures,
length of stay (LOS) and intensive care unit (ICU) admission.
Results: Over a 40-month period, there were 1473 presentations
for antidepressant overdoses to both services, median age 31y
(Interquartile range: 22–46y); 972 females (66.0%). Most common
were mirtazapine (248), escitalopram (212), sertraline (206), fluox-
etine (165), amitriptyline (163) and venlafaxine (128). Co-ingest-
ants were taken in 1176 presentations (79.8%). The median dose
ingested was 14 DDD (IQR:5.5–29; range: 0.5–184 DDD), which
varied between antidepressants. Hypoglycaemia occurred in 57/
1473 (3.9%) presentations, four co-ingested insulin and three co-
ingested sulfonylureas. Hypoglycaemia occurred most commonly
with venlafaxine (6.3%) and escitalopram (5.6%). There was no
association between dose and BGL. Seizures occurred in 46/1473
(3.1%) admissions, most commonly with dothiepin (16%) and
venlafaxine (7%). Patients with seizures ingested a larger dose,
median 30 DDD (IQR: 10–56), compared to those without seiz-
ures, median 12 DDD (IQR: 5.6–24; P < 0.001). Only 5/58 (9%)
patients with hypoglycaemia had a seizure, and there was no dif-
ference in the BGL between patients having a seizure and those
not (median 5mmol/L versus 5.4mmol/L). The median LOS was
15h (IQR: 8.8–24h), which was slightly longer for patients with
hypoglycaemia (median 20h; IQR: 12.5–31h) and much longer in
patients with seizures (median 41h; IQR: 25–117h). 51 patients
(3.5%) were admitted to ICU, 2/57 (3.5%) with hypoglycaemia
compared to 9/37 (24%) with seizures. There were no deaths.
Conclusions: Hypoglycaemia occurred uncommonly in anti-
depressant overdose, was not associated with ingested dose or
seizures, and occurred with almost every antidepressant (2–6%).
Seizures were dose-dependent and resulted in a longer LOS and
more were admitted to ICU.
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186. Suicide attempt rates from 2018
to 2022 in the state of Texas for
pediatric patients ages 6–12 years

Teisha Ray and S. David Baker
Central Texas Poison Center

Background: It is believed that the COVID-19 pandemic had an
impact on mental health across all populations. With the social
restrictions on public movement, children remained at home for
school and had limited social contact for most of 2020 and some
of 2021; mental health problems among children and adoles-
cents were increasingly observed leading to significant mental
health concerns. The objective of this study was to compare
intentional suicidal exposures for children ages 6–12 years pre-
pandemic, during the pandemic, and post-pandemic.
Methods: Data were obtained from the database of Texas
Poison Center Network. Cases in which exposures to medication
and substances that were intentional for suicidal intent were
examined during 2018–2022 where the patient age was 6–12
years via any route of exposure. The distribution of pediatric

exposures was determined for various factors related to patient
demographics and type of substance.
Results: The total number of intentional suicides for children
ages 6–12 years was 3,736. The total number of exposures was
547 in 2018, 597 in 2019, 736 in 2020, 1,035 in 2021, and 821 in
2022. There was a 9.5% increase from 2018 to 2019, a 24.4%
increase from 2019 to 2020, a 40.1% increase from 2020 to 2021
and a 19.6% decrease from 2021 to 2022. Overall there was a
48% increase from 2018 to the peak of suicide attempts in chil-
dren aged 6–12 years in 2021. The gender breakdown showed a
significant increase in female to male ratio over these 5 years as
follows: 2018 (4.7:1), 2019 (4.8:1), 2020 (6.2:1), 2021 (7.9:1) and
2022 (8.6:1). There were 8 unknown genders during the 5-
year span.
Conclusions: The annual number of pediatric intentional suicide
attempts significantly increased during the pandemic. There was
almost a 50% increase between 2018 and 2021. A majority of
the ingestions were female over male across all 5 years. As the
state returned to pre-pandemic routines in 2022, the data
shows a decline of over 20% comparing 2021 to 2022 in pedi-
atric intentional suicide attempts thus indicating that the pan-
demic did have a significant impact on pediatric patients’
mental health.

KEYWORDS Pediatric; suicide; COVID

teisharay@gmail.com

187. Patterns in suicide attempts by
self-poisoning in adults aged 50þ

from 2000 to 2021

Nabila Alia, Emily Patersonb, Wendy Klein-Schwartzb

and James Leonardb
aJohns Hopkins School of Medicine; bMaryland Poison Center

Background: Suicide is a major public health issue and a leading
cause of death. Previous studies have suggested that the risk of
suicide increases with age and is highest among the group of
individuals who are aged 70 and older. Among adults who are
aged 65 and older, drug poisoning has been implicated in about
one in five completed suicides. As suicide and attempted suicide
through self-poisoning are significant causes of morbidity and
mortality in older adults, it is important to study and identify pat-
terns in self-poisonings to target public health interventions
within this group.
Methods: This is a retrospective review of cases of suspected sui-
cide attempts by self-poisoning in patients aged 50 years and
older reported to the National Poison Data System (NPDS) from
1/1/2000 through 12/31/2021. The first substance reported was
analyzed. United States Census data were used to determine
change in self-harm attempts over time. Changes in incidence,
outcomes, and specific agents were evaluated with RStudio ver-
sion 2022.07.2þ 576.
Results: There were 656,273 cases over the study period. Calls to
poison centers related to suspected intentional self-poisoning in
adults aged 50þ as a proportion of all calls to poison centers
increased over time, from 7.2% in 2000 to a high of 15.2% in
2018, but then decreased over the next three years to 12.8%
in 2021. Calls related to suspected intentional self-poisoning in
adults aged 50þ as a proportion of the total US population over
age 50 years increased from 15/100,000 in 2000 to 40/100,000 in
2019 but decreased over the next two years to 34/100,000 in
2021. Of all calls, 66.0% involved individuals who were aged
50–59, 23.0% aged 60–69, 7.6% aged 70–79, 2.8% aged 80–89,
and 0.5% aged 90þ years. In all cases over the 2000–2021
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period, the five most common agents of self-poisoning were
benzodiazepines (14.8%), atypical antipsychotics (6.7%), other
sedative/antipsychotic drug (4.5%), trazodone (4.2%), and acet-
aminophen with hydrocodone (3.6%). Benzodiazepines were the
most common agent of self-poisoning in all age groups among
adults aged 50þ, though the proportion of cases involving ben-
zodiazepines decreased from 16.6% in 2000 to 11.3% in 2021.
Medical outcomes were also ascertained. 33.8% of cases resulted
in moderate effect, 28.2% in minor effect, 14.8% in no effect,
10.5% in major effect, the outcome could not be determined in
11.6% of cases, and death, as ascertained from direct follow-up
or indirect report, resulted in 1.1% of cases.
Conclusions: Self-poisoning attempts increased from 2000
through 2018, then decreased over the following three years.
Suicide attempts among adults aged 50þ years were associated
with significant morbidity, with 44.3% of cases resulting in mod-
erate or major effects and 1.1% in death. Benzodiazepines were
the most frequently reported first-ranked drug in this age group.
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188. Plasmapheresis as part of a
multimodal treatment strategy for
refractory calcium channel blocker
poisoning

Rebecca E. Bruccoleria, Marissa C. Kopaticb,
Jennifer C. Lawsc, Rene G VanDeVoorde IIId, Kathy
Jabse, Michael R. Millerc, Brian C. Bridgesc, Kristina A.
Bettersc, Jennifer C. Kingc and Saralyn R. Williamsf,g
aDepartment of Medicine, Vanderbilt University Medical Center;
bDepartment of Medicine and Emergency Medicine, Vanderbilt
University Medical Center; cDepartment of Pediatrics, Division of
Pediatric Critical Care, Vanderbilt University Medical Center;
dDepartment of Pediatrics, Vanderbilt School of Medicine;
ePediatric Nephrology and Hypertension, Vanderbilt University
Medical Center; fDepartment of Emergency Medicine, Vanderbilt
University Medical Center; gTennessee Poison Center

Background: Calcium channel blocker (CCB) poisoning results in
significant morbidity and mortality. We present two cases of
patients who survived for whom plasmapheresis was used when
their clinical status remained tenuous on ECMO.
Case series: Case 1: 14 y/o girl presented after ingesting amlodi-
pine (125mg), methylphenidate HCL (360mg), hydroxyzine
(750mg), and acetaminophen (unknown). Initial vitals were: T
36.4, HR 135, BP 105/40, RR 20, Oxygen Saturation: 100% room
air. After an acute change in mental status and hypoxia, she was
intubated and given 3 grams of calcium gluconate. Blood glu-
cose was 355mg/dl. Epinephrine, norepinephrine and vasopres-
sin, and high dose insulin euglycemic therapy with maximal dose
of 5 units/kg/hr were initiated. Despite epinephrine at 0.4mcg/
kg/min, norepinephrine 0.3mcg/kg/min, vasopressin 0.07 units/
min, and �700ml lipid emulsion, her MAP was �60. Venoarterial
(VA) ECMO was initiated. During cannula placement, patient's
pressures dropped to 60s/40s. She was started on ECMO and
given methylene blue 2mg/kg without improvement. The patient
became bradycardic with a wide complex QRS. She received a
bolus of 100ml of lipid emulsion 20% and converted to sinus
tachycardia (rate 140s) and her MAPs increased to high 60s/low
70s. Plasmapheresis was recommended to assist in drug removal
since amlodipine is highly protein bound. She was started on
plasmapheresis (1.5 volume plasma exchange with 100% albumin
replacement) and her vasopressin requirement decreased to 0.05
units/min �40minutes after plasmapheresis ended. She was

decannulated after 2 days of ECMO and extubated on hospital
day (HD) 6. Case 2: 14 y/o girl presented after ingestion of
�4080mg of verapamil �1 hour prior to arrival to the hospital.
Her initial vital signs: HR 96, BP 79/39, RR 24, Oxygen Saturation:
94% on room air. She received intravenous fluids, 2 grams cal-
cium gluconate, and epinephrine and norepinephrine infusions.
Serum glucose was 295. ECG showed 3rd-degree AV block. She
was intubated, transferred, given lipid emulsion with no
response, and placed on VA-ECMO. During ECMO catheter reposi-
tioning, she was on insulin 10 units/kg/hr, vasopressin 0.06 units/
min, norepinephrine 0.7mcg/kg/min, epinephrine 0.7mcg/kg/
min, and D12.5 at 80 cc/hr. Angiotensin II was given with reduc-
tion in vasopressor support. Plasmapheresis (1.5 plasma volume
exchange with all 5% albumin) was performed. The verapamil
concentration pre-plasmapheresis was 7500 ng/ml and post-
plasmapheresis was 1300 ng/ml. This suggested enhanced clear-
ance (half-life is 3–7 hrs). Patient was decannulated after 5 days
of ECMO and extubated HD 10.
Discussion: Plasmapheresis is rarely described to treat CCB poi-
soning. Plasmapheresis may remove highly protein bound xeno-
biotics. Our cases showed clinical improvement and, for the
verapamil, a decrease in plasma concentration with plasmapher-
esis likely greater than natural elimination.
Conclusions: Plasmapheresis can be considered within a multi-
modal approach to severe and refractory CCB poisoning for
highly protein bound agents. Volume of distribution (Vd) should
be considered as high Vd can lessen the effectiveness of
plasmapheresis.
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189. Veno-arterial extracorporeal
membrane oxygenation (VA-ECMO)
and plasmapheresis (PLEX) therapies
in cardioactive medications ingestions
in pediatrics: case series

Liz Rivera Blancoa and Emily Kiernanb
aGeorgia Poison Center; bDepartment of Emergency Medicine,
Emory School of Medicine

Background: As toxicologists, we strive to determine the most
appropriate time to recommend invasive therapy to patients
with cardiovascular toxicity. Suggested criteria include systolic
blood pressure (SBP), pH, PaO2, PaCO2, bicarbonate, lactic acid,
and failure to improve hemodynamics with vasopressors and
standard therapies (fluid resuscitation, calcium, hyperinsulinemia
euglycemic treatment). Early evaluation for invasive bridge thera-
pies may be required to decrease mortality. We reviewed calls to
the Poison Center (PC) and interventions made in conjunction
with VA-ECMO to determine potential benefit, specifically with
plasmapheresis (PLEX).
Case series: Pediatric charts from the PC were reviewed from
2013 to 2023, including exposures to beta blockers, calcium
channel blockers, flecainide, bupropion, tricyclic antidepressants,
diphenhydramine, and colchicine. Six pediatric cases were identi-
fied where ECMO was recommended. Five out of six patients
were female with a median age of 16 years. All of the exposures
were intentional ingestions. The most common ingestion was cal-
cium channel blockers. Upon arrival to the emergency depart-
ment (ED), five out of six patients were hypotensive; and two out
of six patients had altered mental status. The mean SBP between
the patients was 79mmHg. Five out of six required intubation
during hospitalization. PC recommendations included: fluid resus-
citation, vasopressors, calcium, hyperinsulinemia euglycemia
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therapy, and early transfer to ECMO facility. All of the patients
were transferred to an ECMO facility, and 66.6% (4/6) were can-
nulated on arrival. The mean time between the initial call to PC
and VA-ECMO cannulation was approximately five hours. 75% (3/
4) of the patients on VA-ECMO were decannulated within a
mean of three days. Two of the patients were simultaneously on
continuous renal replacement therapy. PLEX was performed in
75% (3/4) of the patients on VA-ECMO. 83.3% (5/6) of the
patients were discharged home. There was one death.
Discussion: VA-ECMO should be considered to provide tempor-
ary hemodynamic support to the acutely poisoned patient. With
VA-ECMO, other interventions can be considered to increase
medication clearance and decrease time between exposure,
metabolism, and elimination. PLEX has been described in the
removal of highly protein-bound substances, specifically calcium
channel blockers, in overdose. In this review, the patient who
died was on VA-ECMO, but was the only patient who did not
receive PLEX. This isolated case of death is likely multifactorial.
However, the other three patients were successfully discharged
and no neurologic sequela.
Conclusions: There is limited data about VA-ECMO in conjunc-
tion with invasive, adjuvant therapies in managing pediatric car-
diovascular medication toxicity. Discussion with a PC can help to
facilitate early consideration and transfer for these therapies.
Combination of VA-ECMO and PLEX can be considered in highly-
protein bound cardioactive medication overdose in pediatric
patients. Further investigation, including full chart review is
needed.
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190. Acute onset diabetes insipidus
and pancreatitis in the setting of
valproic acid overdose: a case report

Liz Rivera Blancoa, Nicole McElroyb and
Joseph Carpenterc
aGeorgia Poison Center; bGeorgia Poison Center/ Grady Health
System; cDepartment of Emergency Medicine, Emory School of
Medicine

Background: Massive valproic acid (VPA) overdoses can induce
severe central nervous system (CNS) depression, hyperammonemia,
hemodynamic instability, and metabolic derangements, among
other effects. Though pancreatitis is a known idiosyncratic reaction
to VPA, it is uncommonly described in acute toxicity. Further, renal
manifestations of VPA toxicity are poorly described and rarely
reported. We present a case of severe VPA toxicity associated with
pancreatitis and nephrogenic diabetes insipidus (DI).
Case report: A 27-year-old male with bipolar depression pre-
sented one hour after ingesting 80 500-mg delayed release
sodium valproate (VPA) tablets (40 grams). He was confused but
responsive with stable vital signs. Labs 1.5 hours post-ingestion
included: VPA concentration 636mcg/mL, lactate 6.7mMol/L,
blood glucose 66mg/dL, and EKG: sinus tachycardia and pro-
longed QTc (504ms). Approximately 6 hours post-ingestion, he
became lethargic and hypotensive with hypercapnic respiratory
failure; he was intubated and started on vasopressors. Head com-
puted tomography did not show cerebral edema and chest x-ray
was unremarkable. Activated charcoal, intravenous levocarnitine,
and meropenem were administered. He was started on high-
dose (�3500mL/min/1.73m2) continuous renal replacement ther-
apy (CRRT) 8.5 hours post-ingestion. VPA peaked at 1062mcg/mL
12.5 hours post-ingestion, around which time he developed poly-
uria (4.4 liters urine output), hypernatremia (152 mEq/L),
increased serum osmolarity, and decreased urine osmolarity

consistent with diabetes insipidus (DI). Desmopressin was admin-
istered with favorable response. His ammonia level peaked at
368 mcmol/L 17.5 hours after ingestion. Meropenem, levocarni-
tine, vasopressors, and CRRT were discontinued and he was extu-
bated by day 2 given significant decline in VPA concentrations
and improved hemodynamics; however, he had persistent hypo-
glycemia days 1 and 2 post-ingestion with concurrent hypocalce-
mia and thrombocytopenia through day 3 (platelet nadir 48 K/
mcL). On day 3, he had a recurrent episode of DI treated with
desmopressin. Day 4, he developed abdominal pain with an ele-
vated lipase to 287U/L, consistent with acute pancreatitis. He
was discharged on day 11 without sequelae.
Discussion: Pancreatitis has been associated with both chronic
VPA therapy and acute overdose and was first reported in 1979
in children on chronic therapy. Some of the proposed mecha-
nisms are a direct toxic effect from free radicals on the pancre-
atic tissue, depletion of superoxide dismutase, catalase, and
glutathione peroxidase, and that VPA can inhibit histone deacety-
lates provoking an imbalance in pancreatic recovery after injury,
predisposing the patient to pancreatitis. Regarding nephrogenic
DI, no mechanism has been validated for VPA as a cause.
Lithium, foscarnet, and clozapine induce dysfunction of the renal
tubules, becoming impermeable to water secondary to partial
resistance to ADH. This is a plausible mechanism in our patient,
whom after DDAVP therapy demonstrated an increase of 52% in
urine osmolarity and more than 50% decline in urine volume.
Conclusions: In this case, the patient developed rare complica-
tions of VPA toxicity: pancreatitis and DI. To our knowledge, this
is the second reported case of VPA-associated with nephrogenic
DI in the English literature. The mechanism of each has yet to be
clearly elucidated.
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191. Uncommon clinical manifestation
after massive bupropion overdose:
ileus

Liz Rivera Blancoa and Jonathan de Olanob
aGeorgia Poison Center; bDepartment of Emergency Medicine,
Emory School of Medicine

Background: Bupropion is a synthetic cathinone that inhibits
neuronal uptake of dopamine and norepinephrine (NE), and is a
nicotinic receptor antagonist. Commonly prescribed to treat major
depressive disorder, generalized anxiety disorder, attention deficit
hyperactivity disorder, and smoking cessation. Metabolism occurs
in the liver, and the active metabolite is hydroxybupropion. In
extended-release (ER) formulations, we expect a peak time of five
hours post-ingestion and a half-life of twenty-one hours. In over-
dose, the most common clinical manifestations are seizures and
cardiotoxicity. Additionally, psychosis, agitation, tremors, dry
mouth, and serotonin toxicity have been documented. On this
occasion, we would report a case of dysfunctional peristalsis in a
patient after massive ingestion of bupropion.
Case report: This is a single-patient case report. A 16-year-old
female with a history of depression presented to the emergency
department (ED) two hours after an intentional ingestion of
9300mg bupropion extended-release in a suicide attempt. The
patient complained of dizziness on presentation but was awake,
alert, and hemodynamically stable. Her initial EKG was normal
sinus rhythm, heart rate (HR) 67, QRS 83ms, and QTc 425ms.
While in the ED today patient began to have a progression of
symptoms, including the new onset of tachycardia and agitation
as well as some intermittent confusion which was treated with
benzodiazepines and admitted to the ICU. Nine hours post-
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ingestion required dexmedetomidine for agitation and additional
benzodiazepines for two episodes of seizures. She was subse-
quently intubated for airway protection. Repeat EKG demon-
strated sinus tachycardia, HR 150, QRS 161ms, and QTc 603ms; a
sodium bicarbonate bolus was given without improvement. The
patient was hypotensive requiring norepinephrine 0.1mcg/kg/
min. Whole bowel irrigation (WBI), continuous electroencephalog-
raphy, lipid emulsion therapy, and extracorporeal membrane oxy-
genation (ECMO) facility transfer were recommended. After 4 L of
polyethylene glycol via nasogastric tube and 23hours post-inges-
tion, the primary team noticed the patient was not passing rectal
effluent. WBI was discontinued, and an abdominal x-ray demon-
strated an ileus. Forty hours post-ingestion, the patient had her
first bowel movement. The patient was extubated and reintu-
bated in 24hours due to pulmonary edema. On day nine, she
was extubated and hemodynamically stable. She was discharged
home on day ten post-ingestion.
Discussion: Massive bupropion ingestions are difficult to manage
given the lack of effective antidotes. Part of the management
aims to prevent further absorption through activated charcoal
and WBI. Yet our patient’s ileus likely limited gastrointestinal
decontamination and contributing to a prolonged hospitalization.
While the patient did receive various therapies that could con-
tribute to an ileus, as well as her hemodynamic instability lead-
ing to poor gut perfusion, bupropion itself may have played a
role in the ileus as a nicotinic receptor antagonist. Paralytic ileus
has been reported in patients chronically taking bupropion but
uncommon in the setting of an overdose.
Conclusions: We present a massive bupropion overdose whose
treatment was complicated by an ileus. In addition to hemo-
dynamic instability, the nicotinic receptor antagonism of bupro-
pion may have directly contributed to the patient’s ileus.
Gastrointestinal motility should be carefully monitored when
administering WBI.
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192. Comparison of linguamatics and
FDALabel natural language processing
text-mining to identify information in
the OVERDOSAGE section of tramadol
drug labels

Ihechiluru Nzeako and Keith Burkhart
FDA/CDER

Background: The OVERDOSAGE section of prescription drug
labels require analysis for outdated information. Prescription drug
labels containing the same active ingredient in the same formu-
lation should be identical. Natural language processing (NLP)
text-mining can be used to efficiently query labeling to identify
differences. Our purpose was to perform a comparison of results
extracted through text-mining, using Linguamatics and
FDALabel, to search DailyMed for targeted information in the
OVERDOSAGE section of tramadol drug labeling and to identify
differences among labeling versions.
Methods: The OVERDOSAGE sections of tramadol drug labeling
was extracted using a custom query in Linguamatics, an NLP
text-mining tool. Using the unique ingredient identifier (UNII)
code, the query was able to identify drugs with the same active
ingredient. The results were then compared to a search of the
OVERDOSAGE sections of tramadol drug labeling performed on
FDALabel. Labeling was then manually analyzed for differences.
Results: The query in Linguamatics, retrieved 237 drug labeling,
under 30 drug application numbers; seven (23%) drugs are New

Drug Application(s) (NDA); 23 (77%) are generic drugs approved
under an Abbreviated New Drug Application(s) (ANDA). Results
retrieved using the FDALabel platform were identical to results
retrieved through Linguamatics. Depending on the link re-pack-
agers use for labeling, a single drug application number may
appear multiple times with different labeling versions (ex.
ANDA201384), others may appear with the same labeling version
(ex. ANDA200503). Four different versions of the OVERDOSAGE
section were identified for Tramadol NDAs. Clinical manifestations
were similar across versions. However, two (50%) versions did
not mention seizures, one (25%) did not mention the clinical
manifestations QT prolongation, partial or complete airway
obstruction, and atypical snoring. Three (75%) versions discussed
increased risk of fatal overdose with co-ingestants. Management
was also similar across versions. All four versions state that nalox-
one should be used as an opioid antagonist, however, one (25%)
version also mentions the use of nalmefene. Three (75%) versions
discuss monitoring patients for spontaneous respiration, the
potential need of additional administration of antagonist, and
management of opioid dependent individuals. While all the ver-
sions discuss the potential need for advanced life-support techni-
ques for cardiac arrest and serious arrhythmias, one (25%)
version specifies the potential requirement for cardiac massage
and defibrillation.
Conclusions: Linguamatics and FDALabel natural language proc-
essing text-mining efficiently extracted identical information of
the OVERDOSAGE sections of tramadol drug labeling. Depending
on the product selected, a search on DailyMed may not provide
the most up to date labeling. This is due to re-packagers not
linking the most recent labeling version. Manual analysis revealed
the need to update and harmonize labeling information.
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193. A fatal case of salicylate
poisoning with paratonia and
uncoupling of oxidative
phosphorylation

Kirk Cumpston, Andrew Chambers, Catherine Dong,
Brandon Wills and S. Rutherfoord Rose
VCUHS

Background: Severe salicylate (ASA) toxicity can uncouple oxida-
tive phosphorylation leading to depletion of ATP and multi-organ
failure, which may include paratonia. Paratonia is a form of mus-
cular rigidity presumably due to ATP depletion. There are case
reports successfully utilizing ECMO in the setting of mitochon-
drial failure, but efficacy is variable and unproven. We report a
case of fatal ASA toxicity exhibiting clinical signs of paratonia, in
which ECMO failed to result in any clinical improvement due to
uncoupling of oxidative phosphorylation.
Case report: A 42 yo (80 kg) male self-reported ingestion of 488
grams or 6,100mg/kg of aspirin. Ten hours post ingestion, his
mother found him altered and called EMS. Approximately
14 hours post ingestion the ASA concentration was > 100mg/dL,
venous pH 7.6, pCO2 20mm Hg, bicarbonate 17mg/dL, anion
gap 21, and urine pH 7.0 while on a sodium bicarbonate (SB)
infusion. Serum APAP was negative. He was lethargic with BP
132/76mm Hg, HR 103 bpm, RR 27 bpm, T 96 F and 99% O2 sat-
uration on RA. He was transferred to a tertiary hospital where he
became severely agitated and dislodged his IVs. His 16 hour post
ingestion ASA concentration was 136mg/dL with a serum pH
7.53. To facilitate acquiring dialysis access, the patient received a
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SB bolus and underwent RSI with succinylcholine and ketamine.
After intubation, the ventilatory rate was increased to 25 bpm,
and SB escalated with an additional bolus and increased infusion.
Activated charcoal 100 grams was given by NGT, and a hemodi-
alysis (HD) catheter was placed. At 17.5 hours post ingestion, the
ASA concentration was 160mg/dL and ABG revealed pH 7.30,
PCO2 49mm Hg and HCO3 25mg/dL. Calcium and magnesium
were administered for hypocalcemia (1.13mmol/L ionized) and
hypomagnesemia (0.3mmol/L). The patient suffered cardiac
arrest before HD could be initiated. Defibrillation of pulseless
ventricular tachycardia resulted in PEA and then asystole. He was
treated with epinephrine 1mg IV, and paratonia made it difficult
for the ECMO team to cannulate the patient. Despite initiation of
ECMO, venous return blood remained 99% oxygenated.
Resuscitation was discontinued after 40minutes because there
was no evidence of cellular consumption of oxygen.
Discussion: This patient succumbed to increasing serum ASA
concentrations despite aggressive supportive care and efforts to
decontaminate and enhance elimination. A fatal outcome is con-
sistent with a case series of no survival without HD in intubated
patients with serum ASA > 80mg/dL. The role of ECMO in
patients with mitochondrial toxins is unclear, and post-arrest par-
atonia in this patient complicated the initiation of ECMO, which
when implemented revealed that further resuscitative efforts
would be futile.
Conclusions: In massive salicylate overdose, paratonia is a sign
of uncoupling, and ECMO has an uncertain role in these clinical
situations.
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194. Octreotide for venlafaxine
induced hypoglycemia

Carrie Oakland, Rebecca Lange and Ann Arens
Minnesota Poison Control System

Background: Venlafaxine is a selective serotonin and norepin-
ephrine reuptake inhibitor with multiple effects in overdose
including seizure, QT and QRS prolongation, and hypoglycemia.
The mechanism of venlafaxine-induced hypoglycemia is unclear.
Octreotide has been suggested for the prevention of recurrent
venlafaxine-induced hypoglycemia. However, the effectiveness of
octreotide in preventing recurrent venlafaxine-induced hypogly-
cemia is unclear.
Methods: This is a retrospective review of patients treated for
venlafaxine exposure by a regional Poison Center from 1/1/2013
to 3/1/2023. The electronic medical record database utilized by
the poison control system, ToxicallV

R

, was queried for patients of
all ages with venlafaxine exposure or overdose. Patients were
excluded if: the chart was identified as a duplicate, there was
inadequate clinical information for review, patients were con-
firmed to have no exposure, or there was concomitant exposure
to a drug that is known to cause hypoglycemia including sulfo-
nylureas or insulin. Patients who were coded as experiencing
“hypoglycemia” as defined by APC code were then included for
data analysis. Clinical effects, outcomes, and therapies were as
defined by the APC codes.
Results: During the study period, a total of 2,391 patients were
identified as having venlafaxine exposure or overdose with a
known outcome. Of these, 84 developed hypoglycemia and were
included in the study. The median age was 28 (range 1–74) years
old, 74% (n ¼ 60) of patients were identified as female. Fifteen
(18%) patients had a single substance ingestion and 18 (21%)
patients had a reported dose of venlafaxine with a median dose
of 3,375mg (300–15,000mg). Most patients (82%) developed
altered mental status (including CNS depression or confusion), 58

(69%) patients were tachycardic, 38 (42%) patients had a conduc-
tion disturbance including QRS or QTc prolongation, 35 (42%)
patients were hypotensive, and 32 (38%) developed seizures.
Sixty-eight patients (81%) received IV dextrose, 8 (9%) received
oral glucose supplementation, 10 (12%) received octreotide, 2
(2%) received glucagon, 55 (65%) were treated with benzodiaze-
pines, 41 (48.8%) patients were intubated, and 21 (25%) required
vasopressors. Outcomes included: 1 (1.2%) minor, 38 (45%) mod-
erate, 43 (51%) major, and 2 (2%) deaths. There was no standard
dosing of octreotide. Three (3.6%) patients received single doses
of 50 or 100mcg subcutaneous (SQ) octreotide, 3 (3.6%) patients
received multiple doses of 50 or 100mcg SQ octreotide, and 3
(3.6%) patients were treated with continuous infusions. All
patients who received octreotide were treated with dextrose
infusions prior to receiving octreotide, which was then continued
after receiving octreotide. After receiving octreotide, only one
patient experienced recurrent hypoglycemia requiring supple-
mental boluses of dextrose to maintain euglycemia.
Conclusions: In this small cohort of patients who experienced
hypoglycemia following venlafaxine overdose, all patients
required supplemental dextrose infusions to treat hypoglycemia.
However, after receiving octreotide, only one patient experienced
recurrent hypoglycemia requiring additional dextrose supplemen-
tation. Octreotide may help prevent recurrent hypoglycemia and
reduce the need for supplemental dextrose following venlafaxine
overdose.
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195. Carbamazepine poisoning in
Taiwan: a poison center-based study

De-Ming Tsenga, Nai-Yu Chenb, Hsiang-Ling Chenb

and Chen-Chang Yangb
aDepartment of Pharmacy, National Yang Ming Chiao Tung
University, Taipei, Taiwan; bNational Poison Control Center &
Department of Occupational Medicine & Clinical Toxicology

Background: This study aims to summarize the demographic
and clinical characteristics of carbamazepine poisoning cases
reported to Taiwan Poison Control Center (PCC-Taiwan) and to
analyze baseline characteristics that may predict the severity of
poisoning.
Methods: This was a retrospective review of all cases of carba-
mazepine poisoning reported to PCC-Taiwan from 1985 to 2021.
Eligible cases were divided into two groups by their severity of
poisoning (i.e., mild-to-moderate and severe-to-fatal poisoning).
Bivariable and multivariable analyses were then conducted to
identify the between-group difference in baseline characteristics
by using Fisher’s exact test and Wilcoxon rank sum test, and to
find out the potential predictors of severity of poisoning by
employing logistic regression analysis. All statistical analyses were
computed on R statistical software, version 4.1.1, and P-values of
0.05 were considered statistically significant.
Results: After excluding 44 cases due to incomplete outcome or
missing data and 3 duplications, a total of 276 cases were eli-
gible for final analyses. Among them, the mean age was 26.2
years and female cases (141, 51%) slightly outnumbered male
cases (133, 48%). Most (94%) of the cases were of acute poison-
ing with intentional exposure (65%). Among 89 cases with drug
co-ingestion, the most frequently co-ingested drug was benzo-
diazepines (26%), followed by antipsychotics (22%). The most
common symptoms were drowsiness (40%), tachycardia (14%),
nausea and vomiting (14%).In terms of severity of poisoning, 254
(92%) cases were of mild-to-moderate effects, and 22 (8%) cases
manifested severe-to-fatal toxicity. The mean amount of ingested
carbamazepine was 6064.4mg and 16711.1mg in the mild-to-
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moderate group and the severe-to-fatal group, respectively. In
bivariable analysis, more cases presented drowsiness in the mild-
to-moderate group. By contrast, more cases presented with
hypotension and seizure in the severe-to-fatal group. In the
multivariate analysis, we found that hypotension (adjusted OR
[aOR]¼ 5.1, 95% confidence interval [CI] 1.15–22.54) was posi-
tively associated with severe poisoning, whereas drowsiness (aOR
¼ 0.12, 95% CI 0.03–0.57) was negatively associated with the
severity of poisoning.
Conclusions: Most cases of carbamazepine poisoning reported
to PCC-Taiwan were of mild-to-moderate toxicity, with drowsi-
ness being the major symptom. Only 8% of cases had a severe
or fatal outcome. Cases presenting with hypotension were more
likely to be associated with severe/fatal outcomes.
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196. Amifampridine overdose leading
to refractory status epilepticus

Brian Gooleya and Jenna Wilkinsonb
aMinnesota Poison Control System; bRegions Hospital

Background: Amifampridine was approved in 2018 for multiple
sclerosis and for Lambert Eaton Myasthenic Syndrome (LEMS). Its
proposed mechanism is inhibition of presynaptic potassium
channels. This leads to prolonged nerve depolarization and
increased acetylcholine in the synaptic cleft. This improves motor
function and strength of those with LEMS. We found no pub-
lished literature of amifampridine overdose.
Case report: A 67-year-old man presented to the emergency
department 30minutes after taking 100mg of his amifampridine
and 24.5 g of acetaminophen in a suicide attempt. His initial
vitals demonstrated hypertension and tachypnea. The patient
complained of jitteriness and his exam was notable for diaphor-
esis and tremor. He was given 50g of activated charcoal within
the first hour of his ingestion. For tachycardia and tremors, he
received a total of 4mg IV lorazepam and 10mg of diazepam at
the outside hospital. Initial abnormal lab values included: lactate
20.4mmol/L, Kþ 6.2mmol/L, acetaminophen concentration
67mcg/mL. The patient had a seizure in transport to a tertiary
care ICU. Another seizure started on arrival to the ICU (3 hours
post ingestion) with subsequent PEA arrest lasting 5minutes.
Over the next 5 hours, the patient continued to have clinical and
EEG diagnosed seizures, requiring increasing doses of antiepilep-
tics including midazolam, diazepam, lorazepam, ketamine and
levetiracetam. 13 hours post ingestion, his antiepileptic infusions
were 5mg/h midazolam and 146mg/h ketamine. Despite this,
the patient had one more generalized seizure 15hours after
ingestion, at which point he received a 15mg/kg load of pheno-
barbital. He had no further seizures after phenobarbital. On HD 8
an MRI of the brain showed no abnormalities. Over the next sev-
eral weeks, his sedation was slowly weaned. On HD 20 the
patient was extubated and neurologically intact but was
switched to comfort goals of care related to his underlying ill-
ness. He passed away on HD 22 from hypercapnic and hypoxic
respiratory failure related to LEMS.
Discussion: Amifampridine is a medication approved for treat-
ment of LEMS and is considered to be safe without serious side
effects at therapeutic doses. In overdose, status epilepticus is
possible. Amifampridine leads to seizures via increased acetylcho-
line concentrations in the synaptic cleft, causing overstimulation
of central nicotinic receptors. Of note, our patient did not dem-
onstrate any symptoms of peripheral muscarinic overstimulation,

such as miosis, bradycardia, or bronchorrhea. Despite extremely
high doses of other antiepileptics, seizure control did coincide
temporally with phenobarbital administration. Phenobarbital
increases chloride influx and cellular hyperpolarization even in
the absence of GABA, which directly opposes the electrochemical
changes induced by the nicotinic receptor. This argues for the
use of phenobarbital in cases of amifampridine overdose, and in
our case may have been what led to the termination of status
epilepticus.
Conclusions: Amifampridine is a medication that may lead to
refractory status epilepticus in overdose. In this case, the care
team tried several antiepileptics, but phenobarbital appeared to
be the most helpful in gaining seizure control as no seizures
were seen after its administration.
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197. Trends in poison centre calls for
intentional self-harm in the elderly: a
10-year analysis

Jacqueline Burkea, Emily Austina, Margaret
Thompsona, Olwen Tennisa, Joyce Poona and
Sara Khanb
aOntario Poison Centre; bSurveillance Coordination Unit, Health
Canada

Background: A concerning trend in the incidence of suicide by
drug overdose in adults over 65 years old has been reported by
some American organizations. Anecdotally, staff at a regional
Canadian poison centre noted an increase in intentional self-
harm calls which were resulting in severe outcomes in this age
group. Our objective was to describe the trends in incidence and
severity of intentional exposure calls to a regional poison centre
amongst adults over 65 years old.
Methods: We performed a cross-sectional analysis of calls
received to our poison centre between 1 January 2012 and 31
December 2022. We identified consultations requests for inten-
tional human exposures for individuals 65-year-old and older. We
excluded calls for exposures identified as unintentional, malicious
or tampering. We calculated the yearly incidence of calls and the
incidence of severe cases (coded as death or major outcome) to
the poison centre over a 10-year period. To examine the trend in
severity data over time, we used linear regression modelling.
Results: There were a total of 9461 intentional exposures calls in
adults 65 and older from 2012 to 2022, representing 22.1% of
the total exposure calls received for that age group to the poison
centre during that period. 58.4% of callers were female. When
comparing 2012 vs 2022 data, there was a significant increase in
the incidence of intentional cases among males 84 vs. 103 cases
per 1000; P ¼ 0.008 and females 112 vs. 130 cases per 1000; P ¼

0.02. The linear regression model showed an increase of 6 cases
per year for severe outcomes (R2¼ 0.61, P ¼ 0.005).
Conclusions: The incidence and severity of intentional calls have
significantly increased in males and females from 2012 to 2022.
Overall increases were observed across all age groups. This high-
lights an increased need for mental health support for older
adults regarding poison prevention information and self-harm.
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198. Description of elimination
kinetics following massive co-
ingestion of methanol and ethylene
glycol treated with fomepizole

Brandtly Yakeya, Jing Lib, Andrew Kinga and
Varun Vohraa
aMichigan Poison & Drug Information Center, Wayne State
University School of Medicine; bWayne State University School of
Medicine

Background: Ethylene glycol (EG) and methanol (MeOH) toxicity
are associated with significant morbidity and mortality. Prompt
recognition and antidotal therapy with fomepizole is standard
treatment, with hemodialysis recommended under certain condi-
tions. Some antifreeze products contain a combination of MeOH
and EG. Combined ingestions of MeOH and EG either separately
or from the same formulation, however, are rarely reported.
Methanol follows concentration-dependent kinetics (i.e., first-
order) at low concentrations and zero-order kinetics at higher
concentrations (100–200mg/dL). In the setting of alcohol-
dehydrogenase (ADH) inhibition, both MeOH and EG exhibit first-
order elimination kinetics. Typical average elimination half-lives
of MeOH and EG in setting up ADH blockade are 52 hours and
17hours, respectively. Our objective is to describe the effect on
toxic alcohol/glycol elimination kinetics in the setting of MeOH
and EG co-ingestion with subsequent fomepizole administration.
Case report: This is a case report of an 84-year-old woman who
intentionally ingested one gallon of a 50/50 antifreeze and cool-
ant formulation and was managed with fomepizole. She was ini-
tially alert and oriented but required intubation for airway
protection during transport to the emergency department. Initial
blood MeOH and EG concentrations were 300.2 and 887mg/dL,
respectively. Blood ethanol was undetectable, serum creatinine
was 0.8mg/dL, BUN 17mg/dL, bicarbonate 24 mEq/L, anion gap
16 mEq/L, and arterial pH was 7.45. Hemodialysis was recom-
mended upon poison center consultation due to an expected
prolonged treatment course, but was not performed. Fomepizole
was administered every 12hours until blood MeOH and EG con-
centrations were undetectable (achieved after 230hours of fome-
pizole therapy). Both MeOH and EG followed first-order kinetics
with a half-life of 89.9 and 19.8 hours, respectively. No adverse
effects were associated with fomepizole therapy and there was
no evidence of toxic metabolite formation from either MeOH
or EG.
Conclusions: Fomepizole was effective in preventing severe tox-
icity after massive co-ingestion of MeOH and EG. Each exhibited
first-order kinetics in the setting of ADH inhibition and did not
appear to affect each other’s expected elimination kinetics.
Massive combined ingestions may affect the typical elimination
half-life expected for each in the setting of ADH blockade.
Prospective in vivo research is warranted to investigate the influ-
ence of MeOH and EG co-ingestion on their respective elimin-
ation kinetics to optimize treatment and monitoring.
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199. Hold the fomepizole? Incidence
of ethylene glycol and methanol
toxicity in pediatric ingestions: a
single center review

Brandtly Yakey, Varun Vohra and Andrew King
Michigan Poison & Drug Information Center, Wayne State
University School of Medicine

Background: Methanol (MeOH) and ethylene glycol (EG) poison-
ings cause significant morbidity and mortality. Alcohol dehydro-
genase (ADH) blockade is standard treatment, with extracorporeal
removal recommended under certain conditions. Exposure con-
firmation typically requires measurement utilizing sophisticated
techniques not readily available in many facilities. In the absence
of definitive testing, the history, physical exam findings, and
serum chemistries including the osmolar and anion gap are uti-
lized to guide treatment. US poison centers are often consulted
for potential toxic alcohol/glycol exposures in pediatrics. Pediatric
exposures are often unwitnessed exploratory ingestions and
unlikely to lead to toxicity; however, the incidence of treatable
blood concentrations with either ADH blockade or hemodialysis is
unknown. Our objective is to describe the incidence of MeOH
and EG concentrations in children reported to our center.
Methods: A retrospective review of pediatric MeOH and EG
ingestion cases reported to a single poison center between 1
January 2013, and 31 December 2022. Patients aged 0–12 years
were included. The following data were abstracted: age, sex, clin-
ical effect, reason, substance, management site, diagnostic test-
ing for ethylene glycol and methanol, treatment with fomepizole
or hemodialysis, and medical outcomes.
Results: A total of 328 cases involving pediatric ingestion of
MeOH or EG met inclusion criteria. The mean age was 3.4 years,
and 213 (64.9%) were male. Most cases were age 0–5 years (263;
80.2%), with remaining age 6–12 years (65; 19.8%). Reported
ingestion amounts included: unknown (120; 36.6%), a “taste or
lick” (168; 51.2%), and greater than five milliliters, sip, or mouth-
ful (40; 12.2%). The most common management site was at
home (181; 55.2%). A total of 147 (44.8%) cases were referred to
a healthcare facility, of which 12 were admitted to a non-critical
care unit, and 12 were admitted to a critical care unit. Of the
cases followed to a known outcome, 154 (76.2%) had no effect,
27 (13.4%) resulted in minor effects, ten (5%) resulted in moder-
ate effects, and three (1.5%) resulted in major effects. The most
common products ingested were: antifreeze/coolant (158; 48.2%)
and windshield washer fluid/deicer (95; 28.9%). Fomepizole was
empirically administered in 58 (39.5%) of HCF cases. For patients
treated at a healthcare facility (HCF), testing for EG or MeOH was
performed in 88 (59.9%) cases, of which 75 (85.2%) were
undetectable and 13 (14.8%) resulted in a detectable serum con-
centration. Two of the 13 cases warranted treatment (Our
facility’s threshold is �20mg/dL). One was a 12-year-old suicide
attempt who received hemodialysis ([MeOH] 67mg/dL); the other
was a 2-year-old ([EG] 21mg/dL).
Conclusions: Incidence of EG and MeOH toxicity in pediatric
ingestions was rare, especially in children �5. Most ingestions
were managed at home and remained asymptomatic. Although
fomepizole was frequently administered in patients in an HCF,
detectable serum concentrations were rare, and of those only
two met treatment thresholds. These findings may preclude
empiric fomepizole administration in young children. Prospective
evaluation can help inform triage and confirm these findings.
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200. Atypical severe bupropion and
olanzapine toxicity with delayed
cardiac decompensation and transient
tachycardia requiring extracorporeal
membrane oxygenation

Mark Simona, Jeffrey Brentb, Nicklaus Brandehoffb

and Alexa Camarena-Michelc
aRocky Mountain Poison and Drug Safety; bUniversity of Colorado
School of Medicine; cUniversity of Colorado Health Memorial
Hospital

Background: Since 2017, bupropion alone caused more annual
severe outcomes reported to America’s Poison Centers than any
class of antidepressants. Rare severe cardiotoxicity from gap junc-
tion inhibition may manifest as QRS prolongation and cardio-
genic shock. We present a case of bupropion toxicity with
multiple atypical features including transient tachycardia, delayed
QRS prolongation, and delayed cardiogenic shock requir-
ing ECMO.
Case report: 28-year-old male with a history of depression pre-
sented to the emergency department by ambulance after sus-
pected ingestion of bupropion and olanzapine. The patient was
found unconscious with clonic jerks and empty bottles of the
patient’s olanzapine 10mg and bupropion XL 300mg. Time of
ingestion was unknown, but he was last seen normal six hours
previously. Initial vital signs were pulse 141, temperature 36.6 �C,
blood pressure 137/105, and room air oxygenation saturation
96%. He was intubated with a GCS of 5 and started on propofol,
fentanyl, and midazolam infusions. The patient’s CT scan showed
no pathology and electrocardiogram showed sinus tachycardia
with QRS interval 80 msec and QTc interval 431 msec. On day
one, continuous EEG displayed multiple clinical generalized tonic-
clonic seizures and subclinical seizures, which continued until
day three. The patient had resolution of tachycardia and devel-
opment of hypotension requiring vasopressors 1.5 hours and
6.3 hours after presentation, respectively. He had serial electrocar-
diograms, which showed development of QRS prolongation of
203 msec with right bundle branch block morphology and QTc
prolongation to 608 msec at 15.8 hours after presentation. He
was given sodium bicarbonate 100 mEq without significant
change in the QRS interval and had escalating vasopressor
requirements. Twenty-five hours after presentation, echocardio-
gram displayed severely reduced ejection fraction of 20–25% and
he was transferred to a hospital with ECMO capabilities.Shortly
after second hospital arrival, 32 hours after presentation, he
developed bradycardia followed by pulseless ventricular tachycar-
dia. ACLS was initiated and he was cannulated on veno-arterial
ECMO 11minutes into the cardiac arrest. The patient was on
ECMO for 47 hours and decannulated after hemodynamic and
echocardiographic improvement. He was extubated on hospital
day eight and had normal cognitive function two days later. The
patient had elevated venous blood concentrations of bupropion
(274 ng/ml) and hydroxybupropion (4,718ng/ml) 38 hours and
olanzapine (191.4 ng/ml) 34 hours after presentation.
Discussion: This case was atypical as tachycardia resolved
1.5 hours after arrival, which was 14.3 hours prior to developing
QRS prolongation. Additionally, this patient developed cardiotox-
icity causing cardiac arrest that required ECMO 32hours after
being found unconscious, which is later than other reported
cases. Slowed gut motility from olanzapine’s antimuscarinic
effects may have contributed to this patient’s delayed toxicity.
Conclusions: This case displays that resolution of tachycardia,
which is often interpreted as a marker of clinical improvement,
does not preclude cardiac decompensation. Furthermore, QRS

interval prolongation and cardiac decompensation may be
delayed in bupropion toxicity. Finally, sodium bicarbonate did
not improve QRS interval prolongation from bupropion, but car-
diogenic shock was successfully treated with ECMO.
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201. A case report of intentional
ingestion of an insecticide "Sniper
DDVP" containing dichlorvos by a
pregnant patient resulting in
emergency cesarean section

Salman Ahsana, Afra Alsuwaidia, Kwaku Asamoahb

and Ziad Kazzia
aEmory University School of Medicine; bGeorgia Poison Center

Background: There is a paucity of literature documenting inges-
tions of organophosphates such as dichlorvos by pregnant
patients describing the potential for fetal toxicity and best man-
agement steps.
Case report: This is a single patient case report of ingestion of
dichlorvos in a pregnant patient that resulted in a cesarean sec-
tion being performed. A 22-year-old woman who was 32-weeks
pregnant presented to the emergency department by ambulance
for an intentional ingestion of an insecticide called "Sniper
DDVP". She obtained the product from West Africa, which con-
tained the organophosphate dichlorvos (concentration unknown).
She was noted to have increased salivation per the emergency
department provider. Her initial vital signs were BP, 126/
78mmHg; HR, 96 beats/min; RR, 26 breaths/min; T,
98.9�Fahrenheit; O2 Sat, 98% (RA). After an initial dose of 1mg of
atropine was given in the emergency department she was
urgently taken for cesarean section. A healthy pre-term infant
was delivered with normal APGAR scores who did not require
further resuscitation and had no evidence of cholinergic toxicity.
Pralidoxime was administered to the patient (mother) after the
procedure as a bolus of 1 gram. The patient did not have
ongoing evidence of cholinergic toxicity was extubated on hos-
pital day 3 and discharged without complication after psychiatric
evaluation. The infant was discharged to the custody of family
without complication. Initial plasma cholinesterase level for the
patient (mother) resulted at 255 IU/L (reference range:
2504–6297 IU/L). Initial plasma cholinesterase level for the infant
resulted at 1603 IU/L (reference range: 2504–6297 IU/L).
Discussion: This represents a case of an intentional ingestion by
a pregnant patient of an insecticide containing the organophos-
phate dichlorvos resulting in evidence of mild cholinergic toxicity
with increased salivation. Serum cholinesterase for both mother
and infant were both decreased below reference range.
However, this might be confounded as serum cholinesterase lev-
els are decreased in pregnant women and infants up to 6
months of age without specific reference ranges. As robust litera-
ture regarding placental transfer of dichlorvos and other organo-
phosphates is lacking, the best steps in clinical management
with regards to obstetrical intervention are often unclear beyond
providing supportive and antidotal treatment to the mother.
While there are no specific criteria to perform a caesarean section
in an organophosphate poisoned pregnant patient, in this case
where a cesarean section was performed there was a good
maternal and fetal outcome.
Conclusions: This case report of an intentional ingestion of
dichlorvos by a pregnant patient where a cesarean section was
performed with good maternal and fetal outcome highlights the
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possibility of placental transfer of dichlorvos as both the patient
and delivered infant had low serum cholinesterase levels.
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202. Enough negativity? Clinically
significant salicylism with first
detectable concentration twelve hours
post-ingestion

Stacey Bangh, Carrie Oakland, Travis Olives and
Jon Cole
Minnesota Poison Control System

Background: Salicylate overdose is commonly reported. While
delayed absorption of aspirin has been described, most report an
initial negative salicylate concentration followed by a subsequent
measurable concentration, or an initial low concentration fol-
lowed by a delayed increase. We report a case with multiple
negative salicylate concentrations that developed moderate sali-
cylate toxicity with concentration peaking between 18.5- and 21-
hours post ingestion.
Case report: A 19-year-old patient presented to the ED after
reported ingestion of seventy-eight (325mg) aspirin tablets
(25.4g total) 30minutes prior to presentation. The patient was
nauseated, otherwise asymptomatic on presentation, and was
given a dose of activated charcoal via NG tube. All labs returned
normal, and a salicylate level drawn 2.5 hours post-ingestion was
undetectable. Salicylate concentrations drawn 5.5 hours and
7hours post-ingestion resulted at < 5mg/dl. At that time, the
poison center closed the case. For unknown reasons, the primary
team checked another salicylate concentration at 12 hours post
ingestion, which returned at 31mg/dl. At that time the patient’s
CO2 was 22 and anion gap 10. The patient was on a 1:1 hold
during this entire time, and additional ingestion was not thought
to have occurred. There was no report of coingestants. A peak
salicylate concentration of 55mg/dl was recorded at 18.5 hours
post ingestion and again at 21hours post ingestion. The patient
complained of tinnitus and nausea and was started on an iso-
tonic bicarbonate infusion to alkalinize the urine. A repeat dose
of activated charcoal was given but the patient vomited it back
up immediately. At this time pulse rate increased to 123 beats/
min and serum CO2 dropped to 19. The aspirin level decreased
over the next 16 hours without subsequent sequelae.
Discussion: Absorption of aspirin can be delayed and erratic due
to the formation of bezoars. Even in large ingestions, the initial
serum salicylate concentration can be undetectable, even though
salicylates are typically rapidly absorbed in the stomach. For
example, in a cohort of 313 aspirin-poisoned patients all ill
enough to receive treatment with bicarbonate, 3.5% of patients
(n ¼ 11) had an initial undetectable salicylate concentration, and
one of these patients died. Current literature is insufficient to
determine the number and timing of post-ingestion salicylate
concentrations after overdose, however a single concentration is
almost certainly inadequate.
Conclusions: Aspirin absorption can be delayed after overdose,
resulting in negative serum concentrations for more than 7 hours
post ingestion. Further evidence is needed to determine the tim-
ing and number of serum salicylate concentrations post-ingestion
to rule-out clinically important poisoning.
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203. Fatality in a pediatric patient
following massive ingestion of
hydroxychloroquine despite ECMO

Kyle Suen and Alex Harding
Baylor College of Medicine

Background: Hydroxychloroquine is a medication historically
used against malarial infections, but more commonly used to
treat inflammatory conditions such as rheumatoid arthritis and
systemic lupus erythematosus. Acute ingestions of 12g of
hydroxychloroquine are lethal in adults. There are very few
reports of massive hydroxychloroquine ingestions in pediatric
patients, and even fewer reports of pediatric hydroxychloro-
quine toxicity requiring extracorporeal membrane oxygen-
ation (ECMO).
Case report: We present a case of a 16-year-old female with a
history of lupus and depression who presented to a healthcare
facility after an acute intentional ingestion of 24 g (169mg/kg) of
hydroxychloroquine. The patient arrived at the initial healthcare
facility 2 hours post ingestion. Initial evaluation showed tachycar-
dia, normotension, tachypnea and altered mental status. She
acutely developed ventricular dysrhythmias, including ventricular
tachycardia, pulseless ventricular tachycardia, and ventricular fib-
rillation. She required synchronized cardioversion twice, defibrilla-
tion, and administration of epinephrine, magnesium, calcium
chloride, sodium bicarbonate, amiodarone and intravenous fluids.
The patient was intubated during cardiopulmonary resuscitation.
Return of spontaneous circulation was achieved after 17minutes
and the patient was started on an epinephrine infusion. She
received midazolam and fentanyl infusions while on the ventila-
tor. After initial discussion with the regional poison center and
with cardiology, the patient was given lidocaine and intravenous
lipid emulsion therapy (ILE). The patient was transferred to the
tertiary care hospital after stabilization and admitted to the pedi-
atric intensive care unit. Upon arrival at the PICU, the patient
again developed cardiac arrest. The patient underwent CPR for
approximately 45minutes. The medical toxicologist evaluated the
patient and recommended high dose diazepam infusion with
vasopressor support, activated charcoal through the orogastric
tube, and additional intravenous lipid therapy in addition to
ECMO. The ECMO team performed cannulation and placement of
the patient onto the ECMO circuit. A bedside echocardiogram
after ECMO placement showed severely depressed biventricular
systolic function. While on ECMO, the patient was started on
molecular adsorbent recirculating system (MARS) therapy. Labs
obtained throughout the patients hospital course revealed pro-
found hypokalemia with rebound hyperkalemia (range 1.4 – 6.8),
hypocalcemia, acidemia, and elevated lactic acid. A serum
hydroxychloroquine concentration obtained 28hours post inges-
tion was 2606 ng/mL (500–2000 ng/mL). Head imaging showed
findings consistent with hypoxic ischemic encephalopathy.The
patient developed multisystem organ failure on hospital day 2
despite extracorporeal life support. The patient died on hospital
day 3, approximately 60hours post ingestion.
Discussion: Hydroxychloroquine toxicity closely resembles
chloroquine toxicity and is manifested by profound electrolyte
derangements and cardiovascular collapse. Management recom-
mendations include early intubation and mechanical ventilation,
gastrointestinal decontamination, correction of hypokalemia, and
cardiovascular support with IV fluids, pressors, and extracorporeal
membrane oxygenation. High dose diazepam and epinephrine
infusions are recommended for massive hydroxychloroquine
ingestions. Other therapies warrant further investigation.
Conclusions: Hydroxychloroquine toxicity is a rarely encountered
diagnosis. Healthcare providers should be aware that massive
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ingestions of hydroxychloroquine cause significant morbidity and
mortality.
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204. Large anion-gap metabolic
acidosis, multiorgan failure, and
death resulting from naproxen
overdose

Tuyet-Anh Nguyena, Mehruba Parrisa, Trevor
Cerbinia, Howard Grellera and Diane Callelob
aNew Jersey Medical School, Rutgers University; bNew Jersey
Poison Information and Education System

Background: Naproxen, a propionic acid derivative, is one of the
most used and widely accessible non-steroidal anti-inflammatory
drugs (NSAIDs) that can result in severe anion-gap metabolic
acidosis (AGMA) in massive overdose due to accumulation of
acidic metabolites. Its analgesic and anti-inflammatory thera-
peutic effects are achieved by a reversible, competitive, and non-
selective inhibition of cyclooxygenase isoenzymes resulting in
reduced prostaglandin synthesis. Acute NSAID toxicity predomin-
antly affects the gastrointestinal, renal, and central nervous sys-
tems (CNS) usually only in very large or massive overdoses. Most
published data on acute NSAID overdose involve ibuprofen,
while reports of fatalities from NSAID overdose are usually com-
plicated by coingestants.
Case report: A 23-year-old female with history of post-traumatic
stress disorder (PTSD), depression, and prior suicide attempts,
presented to the emergency department (ED) with agitation,
altered mentation, nausea, vomiting, as well as tachypnea after
intentional ingestion of an unknown amount of naproxen
500mg tabs. Initial vital signs were afebrile, blood pressure 137/
77, pulse 68, respiratory rate 46, oxygen saturation 96% on room
air. During her ED course, the patient developed seizures,
became obtunded and hypoxic, and required intubation. Patient
also developed progressive anion gap metabolic acidosis (pH 7.1
with anion gap up to 33) along with elevated lactate up to 12.5,
acute renal injury, tropinemia, as well as shock refractory to mul-
tiple pressors, intravenous fluids, bicarbonate, albumin, and ster-
oid, and despite correction of acidosis with hemodialysis. In
subsequent days, the patient remained hemodynamically
unstable and began to develop multiorgan failure, including
acute heart failure with demand ischemia, transaminitis with coa-
gulopathy, renal failure, and acute respiratory distress syndrome
(ARDS) with hypoxemia refractory to maximal ventilatory support.
The patient subsequently suffered asystolic cardiac arrest and
expired after 4 days of hospitalization. Patient’s autopsy and toxi-
cology findings were significant for pulmonary edema as well as
a hospital admission blood naproxen concentration of
890mcg/mL.
Discussion: This is an uncommon case fatality due to sequelae
of multiorgan failure attributable to a primary massive
naproxen overdose without the presence of confounding tox-
icity from coningestants. The admission blood naproxen level
of 890mcg/mL is approximately 13-fold higher than the aver-
age peak serum concentration of 71mcg/mL after ingestion of
500mg of naproxen, although individuals have survived over-
doses of naproxen where serum concentrations exceeded
400mcg/mL. Furthermore, the progressive pulmonary and car-
diovascular toxicities seen in this case despite correction of
acidosis suggest the potential for direct pulmonary and cardio-
toxicity by unknown drug mechanisms. Generalized tonic-clonic
seizure have been described with mefenamic acid overdose as

well as ibuprofen overdose, and this manifestation appears to
extend to naproxen well.
Conclusions: This patient’s significantly elevated blood naproxen
concentration adds to the data on the threshold concentration at
which naproxen toxicity may be expected to become unsurviv-
able and irrecoverable despite maximal supportive care for a
xenobiotic that does not have an antidote and that is not amen-
able to extracorporeal removal due to its high protein binding.
Complications from massive naproxen overdose can include mul-
tiorgan failure and refractory shock leading to death.
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205. Orexin antagonist overdose
should not keep you up at night: mild
toxicity in a large suvorexant
overdose

William Trautman, Bethany Sullivan, Brandon
Marshall, Alek Adkins, Faiz Ahmed and
Anthony Pizon
University of Pittsburgh School of Medicine

Background: Suvorexant works as an orexin receptor antagonist
and is utilized to treat insomnia. Orexin is a neuropeptide that
regulates wakefulness and is mostly produced by the hypothal-
amus. Usual adult dosing of suvorexant is 5–20mg with a half-
life around 12hours. Typical peak onset of action is around 2 to
3 hours in therapeutic dosing. Literature in overdose is limited.
Case report: A 67-year-old woman with past medical history of
hypertension, CKD, diabetes, bipolar disorder, prior suicide
attempts, chronic back pain and insomnia presented to the ED
for reporting an intentional ingestion of 100mg of her suvorex-
ant as a suicide attempt. The patient presented to the hospital
endorsing symptoms of sleepiness and fatigue, but was easily
arousable and did not have any other medical complaints. All
vitals were within normal limits. Lab work was unremarkable and
acetaminophen, ethanol, and salicylate levels were negative. EKG
showed normal sinus rhythm with normal intervals and no signs
of arrhythmia. A quantitative suvorexant level was 1500 ng/mL
(therapeutic 130–400ng/mL) drawn 5hours after reported time
of ingestion. Pt was monitored for 6 hours in the ED and clinically
improved. She was then transferred to psychiatric care.
Discussion: There is limited data on toxicity from suvorexant
overdose. Historically insomnia medications have demonstrated
tolerance in chronic use as well as significant oversedation in
overdose. The class of medications that function as orexin recep-
tor antagonists have demonstrated a favorable limited side effect
profile in chronic use however acute overdose data is not well
described. This patient presented with a clear story of overdose
and a quantitative supratherapeutic serum level. She denied any
coingestions and ethanol, acetaminophen and salicylate levels
were negative pointing away from confounding exposures and
developed only mild toxicity.
Conclusions: Despite taking an amount twenty times greater
than her usual and a serum level 3.75 times the upper limit of
normal, toxicity from suvorexant was minimal and improved
quickly. Suvorexant toxicity in acute overdose is likely safe com-
pared to alternative insomnia pharmaceuticals.
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206. “Unwell”-butrin: PK properties of
bupropion in an XL ingestion

MaryCate Farwella, Colin Duellb, Matthew Griswoldb,
Kelsey Bochb, Katherine Daoudb, Dayne Laskeyb and
Amelia Curtisb
aUniversity of Connecticut; bHartford Hospital

Background: Bupropion is a phenylethylamine antidepressant
widely used for the treatment of depression and smoking cessa-
tion. It has several advantages compared to other antidepres-
sants as it is less likely to cause weight gain and sexual
dysfunction. However, it lowers the seizure threshold at thera-
peutic doses, and in overdose can cause cardiotoxicity refractory
to standard ACLS. We present two cases of bupropion overdose.
Case series: Case 1: A 29y F presented obtunded to the ED after
ingesting 8 g bupropion. She was intubated and treated with
benzodiazepines for status epilepticus. She developed mono-
morphic ventricular tachycardia, initially stable, but became
hypotensive and was cannulated for ECMO on hospital day 1.
She spontaneously converted to normal sinus rhythm later that
day. Her initial bupropion level resulted at 2894 ng/mL; hydroxy-
bupropion was 4571 ng/mL. She was decannulated on hospital
day 4 after 24 hours of hemodynamic stability. She was extu-
bated on hospital day 9 and eventually was discharged to
inpatient psychiatry services. Case 2: A 23 F presented for inges-
tion of 9 g bupropion. She was treated with benzodiazepines for
seizures, and intubated. Initial bupropion/hydroxybupropion lev-
els were found to be 2462/1745ng/mL. She remained stable and
did not require treatment with lipid emulsion therapy or ECMO.
She was extubated on hospital day 4 and was discharged to
inpatient psychiatry services on day 6.
Discussion: The pharmacokinetic (PK) parameters of bupropion
in the setting of overdose have been reported in previous litera-
ture. We describe calculated PK parameters of the patients
described. Utilizing serial levels of bupropion in the blood, con-
centration (C) vs. time (t) curves were created and evaluated for
fit. Patient-specific PK parameters were calculated, which allowed
for analysis of order of elimination (e.g., zero vs. first), as well as
estimation of duration, for both the parent compound and
hydroxybupropion metabolite. Calculated PK parameters include
maximum concentration (Cmax) and elimination half-life (t1/2). The
calculated PK parameters in Case 1 differ significantly from those
published for bupropion at therapeutic doses, as well as the PK
parameters calculated for Case 2. In Case 1, Cmax of both bupro-
pion and hydroxybupropion are over twice the concentration of
Cmax in Case 2, yet the half-life of bupropion is much shorter.
The converse observation can be made for the elimination rate
of hydroxybupropion. Differences may be explained through
selective removal of xenobiotics via ECMO, saturable protein
binding that increased the elimination of bupropion, or intervar-
iations in absorption and/or metabolism of bupropion between
patients.
Conclusions: There are multiple case reports documenting the
successful use of ECMO in the resuscitation of bupropion over-
dose. However, there are few documenting the use of ECMO
without any use of lipid emulsion therapy. Case 1 represents the
first documented case to our knowledge of initiating ECMO alone
prior to losing pulses in a bupropion-poisoned patient. The phar-
macokinetic data highlight the unique elimination profile that
may occur in such patients.
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207. Massive ibuprofen ingestion
associated shock treated successfully
with hemodialysis

Ryan Fuchsa, Elisabeth McHaleb, Arthur Juraoa and
Jon Colea
aMinnesota Poison Control System; bHennepin County Medical Center

Background: Massive ibuprofen ingestions constitute a rare subset of
ibuprofen exposures. Rather than a mild course, these patients present
with shock, CNS depression and metabolic acidosis. Owing to high
protein binding, hemodialysis efficacy is unknown in toxin removal,
however may assist in correction and stabilization of severe acidosis-
related shock. We report a case of massive ibuprofen ingestion pre-
senting in profound shock and metabolic acidosis, with improving
hemodynamic parameters after emergent hemodialysis (IHD).
Case report: A 19-year-old woman presented to the emergency
department after ingestion of approximately 180g ibuprofen at an
unknown time prior to presentation. Upon arrival, the patient was
obtunded with orange vomitus noted around her mouth, with ini-
tial vital signs BP 94/40mmHg, HR 111 beats/minute, respiratory
rate 26 breaths/minute, SpO2 98% on non-rebreather oxygen. Fluid
resuscitation and vasopressors were initiated, and the patient was
orotracheally intubated. An orogastric tube was placed, gastric lav-
age was performed, and 50g activated charcoal was instilled. Initial
laboratory studies were notable for metabolic acidosis (pH 7.28,
pCO2 37mmHg, bicarbonate 17 mEq/L). Shock and acidosis pro-
gressed over the next several hours despite aggressive manage-
ment (Max vasopressor rates achieved: epinephrine 0.4mcg/kg/
min, norepinephrine 0.4mcg/kg/min, vasopressin 0.08U/min,
angiotensin II 80ng/kg/min). Repeat arterial blood gas 2.5hours
after presentation showed worsening acidemia (pH 7.00, pCO2

35mmHg, Bicarbonate 8 mEq/L). With refractory acidosis, emergent
IHD was performed 3.5hours after presentation at a blood flow
rate of 400mL/min for a total of 2.5hours. Shock and acidosis
improved following IHD initiation, with multiple pressors success-
fully weaned. At the conclusion of IHD, only norepinephrine at
0.2mcg/kg/min and vasopressin at 0.04U/min were needed to
maintain perfusion. IHD was followed by 12hours of continuous
renal replacement therapy (CRRT), and the patient thereafter did
well. Ibuprofen level later returned elevated at 920mcg/mL on
presentation, 650mcg/mL at conclusion of hemodialysis and
390mcg/mL 20hours into evaluation. Urine mass spectrometry
identified only ibuprofen and olanzapine, a prescribed medication.
Discussion: This case of massive ibuprofen ingestion demon-
strated improvement of hemodynamic parameters following
hemodialysis. Traditionally, hemodialysis is not recommended for
ibuprofen overdose, owing to the high protein binding (> 99%)
of ibuprofen. The remainder of ibuprofen’s physical characteristics,
however, are favorable for removal via dialysis (volume of distri-
bution ¼0.2 L/kg, molecular weight ¼206 Daltons). Toxicokinetics
suggest protein binding may saturate leaving remnant poison in
the blood amenable to dialysis, as with salicylate poisoning. While
volunteer studies suggest ibuprofen’s half-life does not change
during routine hemodialysis, similar studies note ibuprofen
metabolites accumulate in dialysis patients; furthermore ibuprofen
metabolites are detectable in dialysate of such patients.
Conclusions: This patient’s shock dramatically improved after
hemodialysis. Improvement could be from enhanced clearance of
ibuprofen or merely hemodialysis-related improved acid-base sta-
tus. More data are needed to determine if hemodialysis is effect-
ive for shock from massive ibuprofen overdose.
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208. A 5-year profile of paraquat
poisoning cases in a tertiary hospital,
south-west Nigeria

Abiodun Ajeigbe
Obafemi Awolowo University

Background: Paraquat is a major herbicide commonly used in
the agrarian community. It is known to contain 1,1- dimethyl 4,4-
bypyridinium dichloride which is highly toxic to humans. Acute
ingestion of paraquat often leads to mortality especially in low
to middle-income countries (LMIC). This study reports the profile
of paraquat acute poisoning cases at the emergency room of a
tertiary teaching hospital in South-west Nigeria.
Case series: Cases (8) of acute ingestion of paraquat that pre-
sented at the emergency room of a Teaching Hospital over a 5-
year period (January 2015 to December 2019) were described
based on available data retrieved at the unit and a review of
available case files. The demography, reason for poisoning,
admission duration, and outcomes were described. The cases
included 7 males and 1 female with a history of oral ingestion of
paraquat for suicide. Only two cases (1 and 4) had complete
information retrieved from the hospital case file. All were below
40 years and predominantly males. There were four (50%) mor-
talities, 2 discharged against medical advice, and only 2 (25%)
cases were discharged home. The only male (Case 4) that sur-
vived had acute renal insufficiency and edenophagia which
resolved a few days after. He spent a total of 10 days on admis-
sion and was subsequently discharged to the psychiatric clinic.
Discussion: This report showed a male predisposition towards
acute paraquat ingestion and young people below 40 years are
at risk for intentional suicidal purposes. Previous studies showed
a male preponderance for paraquat poisoning though, other
studies also reported female predominance. Young adults were
reported to deliberately ingest chemicals. Paraquat is readily dis-
tributed to organs like kidneys where it elicits toxicity in a
biphasic manner and presents as an early or late acute kidney
injury (AKI). This may explain the delayed onset of AKI observed
for Case 4 in this report as he developed renal insufficiency on
the 6th day of admission. This however resolved following fluid
management without a need for hemodialysis. A previous report
from Southwestern Nigeria on a 23-year-old female described a
case of AKI following acute PQ poisoning 3 days after ingestion
which was successfully managed with hemodialysis. The renal
impairment in case 4 is not as severe as that reported in other
literature which may be due to the lower dose ingested (20ml
PQ as against 30ml in a previously reported case). Hypokalaemia
is also recognized in PQ poisoning from the development of RTA
and increased kaliuria which was present in Case 4. This study
found a mortality of 50% similar to earlier findings of 52% mor-
tality from complications involving the pulmonary and renal
systems.
Conclusions: The mortality from paraquat poisoning is high with
prominent renal complications in this environment. Management
of acute paraquat poisoning should ensure adequate respiratory
support and fluid management to prevent renal complications
and improve outcomes.
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209. Critically ill methemoglobinemia
due to sodium nitrite ingestion
facilitated by cellulose capsules

Luther Daniel, Matthew Eisenstat, Tyler Bayers and
Raymond Orthober
University of Louisville

Background: Over the past 20 years, the increasing availability
of the internet and recent factors such as the COVID19 pandemic
have led to a surge in the popularity of online shopping, particu-
larly with websites such as Amazon. With this increasing popular-
ity, there has been a concurrent trend of individuals purchasing
substances online with the intention of committing suicide.
Specifically, there has been a sharp increase in the use of sodium
nitrite in suicide attempts given its widespread online availability.
We present the case of a patient using sodium nitrite placed in
cellulose medication capsules, both of which were purchased
online, to commit suicide.
Case report: 18-Year-old female presenting to a local emergency
department after taking an unknown amount of sodium nitrite. It
was later reported that the sodium nitrite had been placed into
empty cellulose capsules. When she arrived in the ED, the patient
was markedly cyanotic with an SpO2 of 85% despite ventilation
with 100% FiO2 via endotracheal tube. An ABG showed an
undetectably high (> 30%) level of methemoglobin, and her blood
was dark brown in color. Given these findings, methemoglobinemia
was suspected and methylene blue was ordered. The patient’s con-
dition rapidly deteriorated to cardiac arrest, and methylene blue
was administered at 1.5mg/kg during her resuscitation.
Approximately 5minutes after methylene blue was initiated and
after ROSC had been achieved, the patient’s SpO2 dropped as low
as 58% with a subsequent improvement after 15minutes to the
mid to low 80’s. A repeat ABG 30minutes after methylene blue
administration again demonstrated an undetectably high methemo-
globin level. Given her critically ill status, another 1.5mg/kg of
methylene blue was administered 35minutes after the initial dose.
Her SpO2 again dropped for several minutes before improving to
95%. A repeat ABG in the ICU showed a methemoglobin level of
12.7%. The patient was admitted to the MICU where she developed
hyperthermia and rigidity concerning for serotonin toxicity second-
ary to methylene blue and home psychiatric medications. It was
later determined she had suffered a catastrophic anoxic brain injury
and care was withdrawn in accordance with her family’s wishes.
Discussion: Severe methemoglobinemia is becoming a more com-
mon presentation given recent uptrends in sodium nitrite inges-
tion. In this case the use of a cellulose capsule likely increased the
amount of sodium nitrite the patient could take orally. In addition,
the online acquired capsules provided an additional variable with
regards to expectations of toxicokinetic behavior. Had the patient
had recurrence of methemoglobinemia, whole bowel irrigation
may have been considered pending hemodynamic stability.
Conclusions: Methylene blue is an effective antidote in patients
presenting with severe methemoglobinemia secondary to sodium
nitrite exposure. Dosing and administration in critically ill patients
should be revisited, and adjunctive therapies such as whole
bowel irrigation theoretically may be of use in patients who are
at risk of ongoing exposure such as when the toxic agent is
placed in capsules to facilitate the ingestion of larger amounts.
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210. Massive mycophenolate overdose
with monumental level but minimal
malady

Ted Graya, Carrie Oaklanda, Kyle Hessb, Arthur Juraoa

and Jon Colea
aMinnesota Poison Control System; bMayo Clinic Rochester

Background: Mycophenolate mofetil is an immunosuppressant
to treat autoimmune disorders or prevent organ rejection post-
transplantation. It is rapidly metabolized to the active metabolite
mycophenolic acid (MPA) and inactive metabolite, MPA glucuro-
nide. MPA is a reversible inhibitor of inosine monophosphate
dehydrogenase that preferentially depletes guanosine nucleoti-
des in T and B lymphocytes and inhibits their proliferation.
Primary concerns following mycophenolate overdose include
infection due to leukopenia or pancytopenia, and hypotension.
Massive overdoses of mycophenolate are rare, and concern for
severe toxicity is thought to be low. Based on current literature,
we present a case with the highest reported levels of MPA and
MPA glucuronide without any significant symptoms developing.
Case report: A 19-year-old woman weighing 75 kg ingested up
to 60 tablets of her mycophenolate mofetil 500mg for self-harm
about 20minutes prior to ED arrival. Past medical history is not-
able for seizure disorder on levetiracetam and lacosamide, likely
related to her autoimmune T-cell encephalitis. Her arrival vital
signs were: blood pressure 110/69, heart rate 91 beat/min,
respiratory rate 30 breath/min, and oxygen saturation at 99% on
room air. Blood pressure nadir was 98/69, without intervention.
She denied any abdominal pain, but did report a tingling sensa-
tion in the hands. She was administered lorazepam and 50g of
activated charcoal in the ED. Her blood ethanol level was 62mg/
dL, and urine drug screen was positive for THC and benzodiaze-
pines. Acetaminophen and salicylate levels were negative, and
anti-epileptic levels were not elevated. Two hours post-ingestion,
MPA and MPA glucuronide levels were 68.5mg/L (reference
range: 1.0–3.5mg/L) and 342mg/L (reference range: 35–100mg/
L), respectively. Repeat levels 22hours post-ingestion were MPA
2.0mg/L and MPA glucuronide 32mg/L. Complete blood count
(CBC) at 2 hours, 22 hours, and 36 days post ingestion were all
within normal limits.
Discussion: This case reports the highest MPA level to date and
a calculated elimination half-life of MPA at 3.9 hours, which sug-
gests that elimination kinetics of MPA are likely non-saturable
even in the setting of a massive overdose. This patient had min-
imal symptoms, did not develop significant hypotension or
delayed cytopenia, and was successfully discharged home within
36hours of presentation. This is consistent with prior case reports
where only mild effects are noted. A prior case reporting a 25g
overdose of mycophenolate reported serial levels of MPA of 37.2,
1.1, 0.4, and 0.1mg/L at 20, 24, 48, and 72hours post-ingestion.
Clinical effects in that case included slight anorexia and head-
ache, and a moderate leukopenia at a nadir of 2040 mm3 five
days post-ingestion.
Conclusions: In this case of 30 g of mycophenolate, rapid drug
clearance and minimal clinical effects were observed. This case
demonstrates the rapid drug clearance of mycophenolate mofetil,
despite a massive ingestion which was supported by elevated
MPA and MPA glucuronide levels. Despite high levels, patients
may not experience significant side effects and should be treated
with standard supportive care.
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211. Severe flecainide toxicity treated
with sodium bicarbonate, intravenous
lipid emulsion and lidocaine infusion

Morgan Riggan, Lily Lum, Elaine Bernadette-Cote
and Lisa Thurgur
PADIS

Background: Flecainide is a Vaughn-Williams Class 1C antidysr-
hythmic. Flecainide has a long half-life and a narrow therapeutic
index with a steep dose response curve. This results in severe
toxicity in overdose. Symptoms of flecainide toxicity include wid-
ening of the QRS, bradycardia, hypotension, and death. We
report a case of severe flecainide toxicity with persistent QRS
widening refractory to sodium bicarbonate treated with
lidocaine.
Case report: A 53-year-old female presented to the emergency
department with a decreased level of consciousness 4 hours after
an intentional overdose of flecainide. She had ingested 6000mg
in a suicide attempt. She also ingested 5 tablets each of duloxe-
tine, zopiclone, and hydroxyzine. Her initial vitals were: HR 40
bpm, BP 52/26mmHg, oxygen saturation 100% via BMV. Her ini-
tial QRS was 198 msec and QTc was 684 msec. She was intu-
bated on arrival. No GI decontamination was given. Atropine
failed to improve her heart rate. A sodium bicarbonate infusion
and epinephrine infusion were started and she was transferred
to a tertiary care centre. On arrival her HR had increased to 78
bpm, BP 120/80mmHg and her QRS was 240 msec. Her blood
gas on presentation was: pH 7.57/pCO2 33mmHg/bicarbonate
30mmol/L, sodium 153mmol/L. The bicarb infusion was stopped
for concerns of alkalemia. Isoproterenol was attempted with no
improvement in QRS. She received 8 boluses of intravenous lipid
emulsion (ILE) at 1.5mL/kg with no effect. She was evaluated for
VA-ECMO but was not felt to be a candidate. The poison centre
was contacted 24hours after presentation to the tertiary care
centre and lidocaine was recommended. She received 3mg/kg/
hr for 6 hours, then 2mg/kg/hr for a further 14 hours. Her QRS
dramatically improved from 255 msec to 140 msec, with a HR 76
bpm and BP 109/70mmHg. The sodium bicarbonate infusion
was also briefly restarted but again stopped due to alkalemia.
After 20 hours on the lidocaine infusion she developed mild clo-
nus. The lidocaine infusion was decreased to 1mg/kg/hr for con-
cerns of possible local anesthetic systemic toxicity and the
bicarbonate infusion was restarted. By day 3 post ingestion the
lidocaine and bicarbonate were both successfully weaned off.
The QRS remained at 140 msec and QTc remained above 600
msec until day 5 when her ECG normalized. She was extubated
on day 5 and recovered neurologically intact.
Discussion: Sodium bicarbonate is the agent of choice for man-
agement of sodium channel antagonist toxicity. Lidocaine is a
Class 1B antidysrhythmic that has successfully reversed sodium
channel antagonism by cocaine. When given to cocaine poisoned
canine papillary myocytes, lidocaine displaces cocaine binding to
the sodium channel through competitive antagonism. Its fast on/
off kinetics avoid any synergistic effect. Previous case reports also
document success when used in refractory flecainide toxicity.
Conclusions: In this case report, lidocaine narrowed the QRS in a
severe flecainide poisoned patient after a failure of sodium bicar-
bonate and ILE. Lidocaine can be considered in severe flecainide
toxicity refractory to other measures.
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212. Should we wait to cannulate? The
role of venoarterial extracorporeal
membrane oxygenation (VA-ECMO) in
venlafaxine overdoses resulting in
cardiogenic shock

Christopher Wilkosza, Michael Yua, Joseph M.
Kennedyb, Karen E. Simonea and Mark J. Neavync
aNorthern New England Poison Center; bUniversity of Vermont
Medical Center; cNorthern New England Poison Center, Maine
Medical Center

Background: Venlafaxine is a serotonin-norepinephrine reuptake
inhibitor known to cause severe cardiac toxicity in overdose. We
compare outcomes in two venlafaxine overdoses resulting in car-
diogenic shock, contrasting the use of veno-arterial extracorpor-
eal membrane oxygenation (VA-ECMO) versus standard medical
management.
Case series: Case 1: A 32-year-old female presented to the emer-
gency department (ED) obtunded after being found with empty
bottles of gabapentin and venlafaxine extended-release (ER). Ten
hours after arrival to the ED, the patient developed hypotension
and multiple tonic-clonic seizures prompting intubation. She
became increasingly hypotensive, and an electrocardiogram (ECG)
demonstrated intraventricular conduction delay with a QRS of 180
milliseconds. Eighteen hours after arrival, she developed ventricular
tachycardia with a total of four arrests over 25minutes. Point-of-
care echocardiography estimated left ventricular ejection fraction
(LVEF) at 5–10%. A multidisciplinary team elected for immediate
cannulation and initiation of VA-ECMO, coupled with a left ven-
tricular assist device. This led to significant improvement in her
shock state while supportive care was maintained. On hospital day
(HD)-4, the patient was decannulated, and a formal echocardio-
gram estimated LVEF at 60–65% with normal biventricular function.
The patient was ultimately discharged on HD-7 without sequelae.
Case 2: A 58-year-old female presented to ED after ingesting 196
venlafaxine 150mg ER capsules. Toxicology evaluated patient at
bedside, where the exam was no for sedation and tachycardia.
Twelve hours after arrival, she was intubated after a tonic-clonic
seizure. She became increasingly unstable with hypotension and
wide-complex tachycardia. Bedside echocardiography estimated
LVEF at 10% and an ECG demonstrated QRS of 189 milliseconds.
The patient was started on multiple vasopressors & dobutamine
for hemodynamic support. The dobutamine drip was weaned over
8hours, but vasopressor support continued for the next 36hours.
On HD-3, mental status slowly recovered and she was weaned off
vasopressors, but laboratory studies indicated acute kidney injury
and ischemic hepatitis. Nephrology was consulted, and intermittent
hemodialysis was initiated. On HD-4 the patient was extubated. A
repeat echocardiogram demonstrated a LVEF of 40–45% with
residual global hypokinesis. The patient denied further dialysis and
elected to move to comfort measures only after consult with ethics
and psychiatry.
Discussion: Venlafaxine overdose can cause severe cardiogenic
shock, yet there is no agreement on optimal care. While a com-
parison of individual patients cannot stand alone as evidence to
support early use of VA-ECMO, the stark contrast in patient out-
comes prompts discussion of utilizing VA-ECMO earlier in the
clinical course of a significant venlafaxine overdose with progres-
sive cardiogenic shock. Prompt cannulation could potentially pre-
vent sequelae of prolonged vasopressor needs, as evidenced in
our case’s resultant multisystem organ failure ultimately resulting
in a poor outcome.
Conclusions: This case comparison emphasizes clinician recogni-
tion of progressive hemodynamic instability in venlafaxine

overdoses as an indication for engaging their closest available
ECMO team. VA-ECMO may be superior to inotrope and vaso-
pressor support alone, and prevent anticipated end-organ com-
plications that lead to poor functional outcomes. A case-control
study of VA-ECMO vs. medical therapy for venlafaxine-induced
cardiogenic shock would further clarify the ideal treatment
approach.
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213. Restrictive digoxin-specific
antibody therapy in acute-digoxin-
poisoning-associated significant
hyperkalemia, a case report

Kai-Wen Cheng
Department of Occupational Medicine and Clinical Toxicology,
Taipei Veterans General Hospital

Background: It’s feasible and safe to titrate doses of digoxin-spe-
cific antibodies (Digoxin-Fab) in acute digoxin poisoning; how-
ever, the adequate criteria to give titrated doses in acute digoxin
toxicity with significant hyperkalemia (K > 7.0mmol/L) isn’t well
established. We offer a case of acute digoxin poisoning with sig-
nificant hyperkalemia with a restrictive antidote strategy in a
resource-limited environment.
Case report: A 30-year-old, 57 kg female suffering from dizziness,
nausea and non-bilious vomiting visited our emergency depart-
ment (ED) about 4 hours after acute ingestion of digoxin tablets.
Initial EKG revealed sinus bradycardia (43-beat-per-minute
[bpm]). 0.5 and 1mg of intravenous (iv) atropine were adminis-
tered for an episode of unstable bradycardia, and 25mg IV
phenytoin was administered for an episode of heart rate < 40
bpm. 40mg of Digoxin-Fab was administered about 9 hours
post-ingestion due to elevated plasma digoxin concentration and
hyperkalemia (total digoxin 27 ng/mL; K 7.4mmol/L, serial lab
data). Although there were episodes of hypotension necessitated
low-dose norepinephrine (1.59mcg/min) with junctional brady-
cardia (ranging from 35� 55 bpm), no further Digoxin-Fab was
administered. The patient was transferred to the general ward
two days later and was discharged uneventfully on the fifth day
in the hospital.
Discussion: Titrated strategy for the administration of Digoxin-
Fab in acute digoxin poisoning might be suitable for highly
selective patients in antidote-limited environments. In this case,
the criteria for titrating Digoxin-Fab is (1) heart rate < 35 bpm,
(2) norepinephrine refractory hypotension, (3) ventricular dys-
rhythmia, or (4) no improvement or rebounding in significant
hyperkalemia. Since digoxin inhibits the cardiac Na/K antiporter,
causing hyperkalemia in digoxin overdose, titrating the antidote
according to the response of normalisation of serum potassium
concentration might be reasonable and feasible in Digoxin-Fab-
limited environments.
Conclusions: Titrating the doses of Digoxin-Fab according to
clinical response and normalisation of significant hyperkalemia
might be a feasible strategy in the antidote-limited area. Further
prospective studies might be performed to evaluate the efficacy
of this restrictive strategy.
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214. Adolescent fatal colchicine
poisoning from insurmountable
disseminated intravascular
coagulopathy

Ryan Fuchs, Jon Cole, Carrie Oakland and
Abby Montague
Minnesota Poison Control System

Background: Colchicine, a potent microtubule inhibitor and
destabilizer, is well known to produce profound multiorgan sys-
tem failure with a classic progression of symptoms, including
early gastrointestinal effects, followed by cardiac failure, pancyto-
penias, renal injury and infection risk. Management for colchicine
poisoning remains challenging owing to lack of effective antidote
and limited therapies to enhance toxin removal. We report an
adolescent fatal colchicine poisoning due to insurmountable dis-
seminated intravascular coagulopathy (DIC) that limited other
supportive critical care therapies.
Case report: A healthy adolescent girl presented to the emer-
gency department 2.5 hours after intentional overdose of 54mg
Colchicine (0.68mg/kg). Presenting vital signs included BP ¼ 130/
88mmHg, Temp ¼ 100.1 �F, Pulse ¼ 79 beats/minute, RR ¼ 21
breaths/minute, SpO2 ¼ 100% on room air. She was intubated to
facilitate aggressive gastrointestinal decontamination (gastric lav-
age followed by multiple-dose activated charcoal (50 g/dose), and
subsequently transferred to a pediatric ICU for ongoing manage-
ment. Twelve hours post ingestion, she developed diarrhea, a
mixed respiratory and lactic acidosis, and leukocytosis. Clotting
factors were normal. Over the ensuing 24hours, the patient
developed progressive hypotension requiring multiple vasopres-
sors, toxic cardiomyopathy (ejection fraction (EF) of 40%), anuric
renal failure, acute liver injury, and new profound coagulopathy.
Charcoal was discontinued after 4 doses due to ileus. Aggressive
supportive management was continued with continuous renal
replacement therapy (CRRT) for volume and acidosis manage-
ment, correction of coagulopathy, and vasopressor infusion. Thirty
hours post ingestion, venoarterial extracorporeal membrane oxy-
genation was considered for cardiopulmonary support giving
escalating multiple vasopressor needs, however was deemed
unsafe due to uncorrectable DIC with near continuous need for
cryoprecipitate and fresh frozen plasma, and unclear benefit given
stable EF of 42%. There was evidence of hepatic failure with coa-
gulopathy and refractory hypoglycemia, though transaminases
were not checked in the last 20hours of her life. CRRT was
stopped due to persistent filter clotting, and the patient had
severe persistent bleeding from her mouth and all access lines. In
total, she received 4 platelet infusions, 7 doses of cryoprecipitate,
and 13 units of fresh frozen plasma. Due to severity of DIC and
ongoing progression of multiorgan system failure, the patient
was transitioned to compassionate care and died 64hours post
ingestion.
Discussion: The clinical course following colchicine-poisonings is
well-described and while coagulopathy is included in previous
reports, this is generally supportive with usual factor, plasma and
platelet replacement. In our case, disseminated intravascular
coagulation was profound, limited other aggressive management
for her poisoning, and was thus a major contributor to her death.
While aggressive gastrointestinal decontamination was per-
formed rapidly, as recommended, the benefit was limited by
unavoidable delays to intervention and ileus associated with crit-
ical illness.
Conclusions: Disseminated intravascular coagulopathy, an under
described consequence of severe colchicine toxicity, adds com-
plexity to other critical care measures described in the supportive

care of colchicine-poisoned patients, such as CRRT and ECMO.
Awareness of the risk for this complication may assist in anticipa-
tory management for severe colchicine poisoning.
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215. The use of ertapenem for
reducing toxic valproic acid
concentrations

Patrick Doughertya and Lauren Antalb
aTidalHealth Peninsula Regional; bUniversity of Maryland Eastern
Shore School of Pharmacy and Health Professions

Background: Valproic acid (VPA) overdoses commonly cause
central nervous system (CNS) depression and hyperammonemia,
with more severe effects possible, including bone marrow sup-
pression, cerebral edema, and coma. Typical management con-
sists of supportive measures, administration of carnitine for
hyperammonemia, and renal replacement therapy (RRT).
Carbapenems interact with VPA by inhibiting the enzyme acyl-
peptide hydrolase, which causes an enhanced elimination of VPA
from the body. We present two intentional overdose cases where
administering ertapenem significantly reduced elevated VPA con-
centrations in addition to other standard therapies.
Case series: Case 1: A 28 year-old male with a history of bipolar
disease, blindness, and suicidal ideation, presented to our hospi-
tal’s ED after intentionally ingesting 30–40 tablets each of halo-
peridol 5mg and divalproex sodium 500mg in a suicidal gesture.
He became more somnolent while in the ED but did not require
endotracheal intubation. His initial lab values included a VPA
concentration 236.5mcg/mL and ammonia of 154 mcmol/L. The
local poison center was consulted and recommended serial
laboratory analyses. His repeat VPA and ammonia concentrations
peaked at 653mcg/mL and 365 mcmol/L respectively. He was
administered loading and maintenance doses of carnitine for the
hyperammonemia, and 1g of ertapenem eleven hours after
arrival. His subsequent VPA concentrations decreased to 500 and
365mcg/mL two and five hours after administration of the erta-
penem. Case 2: A 61 year-old female with a history of bipolar dis-
order, atrial fibrillation, sick sinus syndrome, and COPD presented
to our hospital’s ED five hours after intentionally ingesting
approximately 200 tablets of divalproex sodium ER 500mg in a
suicidal gesture. She was unresponsive, hypothermic, hypoten-
sive, and bradypnic requiring IV fluid, external warming, and
endotracheal intubation in the ED. Her initial lab values included
a VPA concentration of 616.8mcg/mL and ammonia of 199
mcmol/L. The local poison control center was consulted and rec-
ommended serial laboratory analyses. Her repeat VPA concentra-
tions trended down for two days, but then had a second peak at
210.1mcg/mL. Her ammonia concentrations peaked at 1,311
mcmol/L. She was administered loading and maintenance doses
of carnitine for hyperammonemia and received 2 doses of 1 g of
ertapenem, the first being administered six and a half hours after
arrival. After the first dose, her subsequent VPA concentrations
decreased to 343.2 and 162.1mcg/mL three and seven hours
after ertapenem administration. The second dose of ertapenem
was administered after the second VPA concentration peak
two days after her initial presentation. Her subsequent VPA
concentration was 119.2mcg/mL six hours after ertapenem
administration.
Discussion: Valproic acid overdose can cause significant toxicity,
which requires management with conventional therapies of sup-
portive care and carnitine. Administering ertapenem in these
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cases was valuable to help rapidly decrease toxic VPA serum con-
centrations without significant risk. The rebound in one patient’s
VPA concentration was mitigated with a second dose of
ertapenem.
Conclusions: In addition to supportive care and carnitine for
hyperammonemia, ertapenem should be administered to symp-
tomatic patients with toxic concentrations of VPA. More than
one dose of the carbapenem may be needed if VPA concentra-
tions rebound.
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216. Successful use of expired
physostigmine to treat anticholinergic
delirium in a pediatric patient

Bryan Hayes, Mariama Runcie and Kristen Shanahan
Massachusetts General Hospital

Background: Physostigmine is the primary antidote for moderate
to severe antimuscarinic toxicity. The sole distributor, Akorn
Pharmaceuticals, paused manufacturing of physostigmine for sev-
eral years and then closed permanently in 2023. Most physostig-
mine supplies in the US expired in 2021. The FDA extended the
expiration date for some lot numbers through April 2022. Any
remaining physostigmine is now beyond the manufacturer and
FDA-extended expiration dates. Other cholinesterase inhibitors
are available (eg, rivastigmine), but are not well-studied for anti-
cholinergic poisoning.
Case report: A 16-year-old girl presented to the ED after an
unwitnessed ingestion of several potential medications includ-
ing sertraline, cyclobenzaprine, oxycodone, and prochlorpera-
zine. Time of ingestion was suspected to be about 12 hours
prior to arrival. Past medical history was significant for ano-
rexia, anxiety, major depressive disorder, and previous suicide
attempts. The physical exam was significant for bilateral clo-
nus, agitated delirium, dry mucous membranes, non-reactive
mydriasis, and tachycardia to 138 beats per minute concern-
ing for mixed serotonergic/anticholinergic toxidromes. An
electrocardiogram displayed sinus tachycardia with normal
QRS and QT intervals. Standard laboratory results were within
normal limits. Serum acetaminophen, salicylate, and ethanol
concentrations were negative. The urine toxicology screen
was positive for tricyclic antidepressants and oxycodone.
Lorazepam 1mg IV was administered followed by a second
1mg dose 45minutes later. Mild improvement in mental sta-
tus was noted but was short-lived. Physostigmine 0.5mg was
administered one hour after the second lorazepam dose. The
patient improved and was able to interact with her family and
state her name. A second 0.5mg dose was given 20minutes
later, which resolved her agitated delirium significantly. She
was admitted to the hospital for 11 days until a psychiatric
bed was available. She was medically cleared of the overdose
on day 3.
Discussion: We report the successful use of expired physostig-
mine for anticholinergic delirium. The decision to use an expired
medication involved discussion with the clinical team caring for
the patient, toxicology, pharmacy, hospital compliance and eth-
ics, and the family. Available data demonstrate that medications,
when stored in controlled environments, can maintain their
potency beyond the manufacturer-set expiration dates. Periodic
testing of the supply is recommended. In this case, there were
no tricyclic antidepressants available, so the TCA-positive urine
screen was attributed to cyclobenzaprine.
Conclusions: Expired physostigmine may still be an option for
managing anticholinergic delirium.
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217. Rebound methemoglobinemia in
phenazopyridine overdose

Samy Chettata, Keahi Horowitzb and
Matthew Correiaa
aOregon Health and Sciences University; bStonybrook University

Background: Methemoglobinemia is a potentially fatal condition
that can occur with the use or misuse of strong oxidizing agents.
Phenazopyridine induces methemoglobinemia after metabolism
to aniline-based byproducts. It can also discolor body fluids,
which may interfere with laboratory analyses and generate add-
itional diagnostic challenges. We present a case of a suicide
attempt after a polydrug ingestion, which was confounded by
phenazopyridine-induced pseudo-icterus, xanthoderma, and
rebound methemoglobinemia.
Case report: A 12-year-old male presented via EMS after his
mother found him unresponsive in bed. On presentation, he was
obtunded with an oxygen saturation of 89% on 15 L non-
rebreather mask and exhibited a yellow/orange tint to his skin,
sclera, oral secretions, and orange/red discoloration of his urine.
The discoloration could be wiped off of his skin with alcohol
swabs. The Initial workup was significant for an acetaminophen
concentration 28mcg/mL, and a markedly abnormal point-of-
care urinalysis with large bilirubin, þ ketones, þ blood, > 300
protein, þ nitrites, large leukocyte esterase. However, urine
microscopy demonstrated no abnormalities. Notably, his creatin-
ine was 1.00mg/dL, AST 14U/L, ALT 8U/L, total bilirubin 0.6mg/
dL. An arterial blood gas revealed a methemoglobin concentra-
tion of 23.9%. Fifty milligrams of methylene blue (MB) was
administered with subsequent improvement in oxygen satur-
ation. Nevertheless, he had persistent confusion and was intu-
bated for severe CNS depression. Repeat methemoglobin was
4% two hours thereafter. His neurological status improved, and
he was extubated ten hours later. Although he remained alert
and oriented, his pulse oximetry later dropped to 80% and a
repeat ABG demonstrated a methemoglobin concentration of
20%. Eighty-three milligrams (1.5mg/kg) of MB was again admin-
istered and the ICU team re-intubated the patient. One hour
later, the methemoglobin level again improved to 6.5% and
remained low for the remainder of his hospital stay. He was extu-
bated the next morning and had complete resolution of his skin/
secretion discoloration. He disclosed having ingested acetamino-
phen and three other medications that were hidden in his
dresser. Empty bottles of phenazopyridine, gabapentin, and pro-
methazine were subsequently recovered. The phenazopyridine
concentration was 0.13mcg/mL.
Discussion: Phenazopyridine is an azo dye that may discolor any
bodily fluid. Under normal clinical circumstances, only the urine is
affected but this may still interfere with urine dipstick interpret-
ation due to colorimetric analytic dependence. Phenazopyridine
causes methemoglobinemia after metabolization to aniline-based
metabolites, predominantly phenylhydroxylamine. Our patient
had an initial resolution of methemoglobinemia after MB adminis-
tration but rebound methemoglobinemia occurred requiring
repeat MB dosing. This may be due to the coupled oxidation of
phenylhydroxylamine and oxyhemoglobin to nitrosobenzene and
methemoglobin, respectively. Nitrosobenzene is enzymatically
reduced to phenylhydroxylamine and can continue to generate
methemoglobin. Gabapentin and promethazine are not known to
cause methemoglobinemia but likely contributed to the patient’s
CNS depression.
Conclusions: This case highlights clinical findings of phenazopyr-
idine toxicity, including physical exam manifestations of pseudo-
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icterus and xanthoderma, analytic interference, and rebound
methemoglobinemia that complicated the patient’s clinical
course. Physicians should be aware of and consider these issues
when treating phenazopyridine toxicity.
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218. Predicting adverse cardiovascular
events in bupropion overdose

Michael Simpsona, Sharan Camplemanb, Jeffrey
Brentc, Paul Waxb, Alex Maninid and on behalf of the
Toxicology Investigators Consortium (ToxIC)
aHarvard Medical Toxicology Fellowship; bAmerican College of
Medical Toxicology, Phoenix, AZ, USA; cUniversity of Colorado
School of Medicine, Aurora, CO, USA; dIcahn School of Medicine at
Mount Sinai, New York, NY, USA

Background: Bupropion cardiotoxicity is an infrequent but
severe consequence of overdose, leading to shock and dysrhyth-
mias. This rarity and the possibility of delayed toxicity present
challenges for clinicians attempting to predict adverse cardiovas-
cular events (ACVE) in bupropion overdose. Previous research has
identified predictors of ACVE in drug overdose in general using
information available to clinicians on initial emergency depart-
ment presentation, but predicting ACVE in bupropion overdose
has not been well-studied.
Methods: We conducted a secondary analysis of prospectively col-
lected data via the Toxicology Investigators Consortium (ToxIC)
from April 2015 through July 2018. We included patients 18 years
or older with suspected acute or acute-on-chronic toxicologic
exposures to bupropion. We excluded patients with documentation
that signs and symptoms were unlikely related to exposure and
those with missing data. The primary outcome was ACVE, a com-
posite outcome of the following: ventricular dysrhythmia, vasopres-
sor use, treatment with cardiopulmonary resuscitation, or elevated
troponin > 99th percentile. Secondary outcomes included individ-
ual ACVE components, altered mental status, seizures, and ICU
admission. Candidate predictors included demographic variables,
ingestion circumstances, corrected QT interval (QTc) on initial elec-
trocardiogram, and initial serum bicarbonate concentration.
Variables with the highest association with ACVE on univariate ana-
lysis were included in a multivariable logistic regression model
with ACVE as the dependent variable. We also tested a model pre-
viously found to predict ACVE in drug overdose in general using
prior cardiac history, initial QTc prolongation, and low initial serum
bicarbonate. Optimal cutoffs for ordinal variables were performed
using receiver operator characteristic (ROC) curves. A prediction
tool was created using the presence of any predictor variables, and
test characteristics were calculated.
Results: Out of 364 patients screened, 7 were excluded, leaving
357 included for final analysis. The median age was 33 years, and
56.0% were female. Thirty-three (9.2%) patients developed ACVE.
Increased number of unique exposures, initial QTc �500 millisec-
onds, and initial serum bicarbonate < 20 milliequivalents per liter
(mEq/L)—cutoffs determined a priori—demonstrated the stron-
gest association with ACVE on univariate analysis and were
included in the model. Number of unique exposures (OR 1.50,
95% CI 1.17—1.92) and initial serum bicarbonate < 20 mEq/L
(OR 4.76, 95% CI 2.11—10.76) independently predicted ACVE.
The decision rule created using the presence of either three
unique exposures or initial serum bicarbonate < 20 mEq/L was
53.7% specific with 96.1% negative predictive value (NPV). The
presence of both risk factors was 95.7% specific with 92.5% NPV.
Applying the previous model predicting ACVE in drug overdose
in general, only serum bicarbonate < 20 mEq/L was predictive of

ACVE (OR 4.27, 95% CI 1.91—9.46). Increased number of unique
ingestions, initial QTc �00 milliseconds, and initial serum bicar-
bonate < 20 mEq/L were also associated with vasopressor use,
seizures, and intubation on univariate analysis.
Conclusions: Previously derived prediction tools for ACVE in
drug overdose can be modified and applied to suspected bupro-
pion overdose with reliable specificity and negative predictive
value. The combination of poly-ingestion and low serum bicar-
bonate predicts ACVE in bupropion overdose.
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219. Ingestion of boric acid vaginal
suppositories reported to a statewide
poison control system

Mary Zarate and Justin Lewis
California Poison Control System (CPCS)

Background: Boric acid has a chemical structure of H3BO3 and is
an inorganic weak acid. It has many applications in industry, but
as a human therapeutic its only current use is as a secondary or
tertiary treatment for bacterial vaginosis or vaginal yeast infec-
tions. It typically comes as a 600mg vaginal suppository and with
proper use is tolerated with no or minimal side effects. However,
toxicity can occur after intentional large or chronic exposures.
Toxicity can include nausea, vomiting and diarrhea, and with high
concentration ingestions hypotension, seizures, metabolic acidosis,
renal failure, rhabdomyolysis, cardiac dysrhythmias and corrosive
injuries are reported. Accidental exposures involving boric acid
reported to the Statewide Poison Control System (SPCS) have his-
torically been from ant and roach killers, but a recent call increase
involving ingestion of boric acid vaginal suppositories (BAVS) has
been noted. The purpose of this study was to describe ingestions
of BAVS to quantify the problem, determine potential causes and
see if significant toxicity develops.
Methods: This retrospective review of the SPCS database queried
for all BAVS exposures between 1 July 2017 and 1 July 2022. The
chart notes of each case were manually reviewed to abstract
demographics, clinical effects, treatments, management site, and
medical outcome.
Results: A total of 402 cases were identified. Sixteen cases (4%)
involved accidental pediatric ingestions (ages 0.8 – 8 years); 14
managed on-site and 2 treated and released from the
Emergency Department (ED) after brief observation. Two of the
16 children developed self-limiting vomiting and no treatments
were performed. Five cases (1%) involved questions about pos-
sible toxicity despite appropriate use. The remaining 381 (95%)
cases involved unintentional therapeutic errors due to mistaking
the BAVS for an oral medication or misunderstanding the direc-
tions for use. Ages: 20 cases age 13–19 years, 309 cases age
> 19 years, 52 cases involved adults of unknown age. Gender:
380 were female (including one pregnant female). The only male
adult ingestion involved a male age 28 years who mistook the
suppository for a different oral medication. No cases were
referred to the ED by the poison center but in 18 (5%) cases the
patient went directly to the ED who then called the poison cen-
ter. No patients were admitted. Clinical effects included nausea,
abdominal pain, diarrhea, vomiting, and throat irritation and
occurred in 26 (7%) of the unintentional-therapeutic error cases.
Treatments: Anti-emetics were administered to two of the 18
patients who presented to the ED. Of all 397 BAVS ingestions, 28
(7%) resulted in minor gastrointestinal (GI) symptoms and rarely
required medical intervention.
Conclusions: Prior to September of 2020, there were no reported
exposures to BAVS reported to the SPCS. A sudden promotion of
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these suppositories on social media likely increased product use
and subsequent exposure calls to the SPCS. Accidental ingestion
of BAVS results in minor GI symptoms and rarely requires med-
ical intervention. Changes to the dosage form appearance as
well as improved directions for use should be incorporated by
manufacturers to reduce accidental ingestions and prevent
unnecessary ED visits.
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220. Medication errors in group
homes

Kortney Parkera and Taylor Rhienb
aUniversity of Utah College of Pharmacy; bUtah Poison Control Center

Background: Medication errors present serious patient risks in
any healthcare setting. While underlying causes of medication
errors have been researched, medication errors among group
home residents have not been well studied. This patient popula-
tion is more vulnerable to medication errors due to their specific
healthcare needs and intellectual difficulties. Events have been
reported to a poison control center, where the staff records the
details, medications, and clinical outcomes. The information gath-
ered while conducting this project will illustrate the types of
errors occurring, bring to light the frequency of errors, and facili-
tate discussion to prevent future medication errors among an
overlooked and underserved population.
Methods: A query of calls made to a single poison control center
was performed for therapeutic errors that occurred in a group
home over a 5 year period. The search parameters included all
therapeutic errors with exposure site “other” between 1 January
2018, and 31 December 2022. Search results were then reviewed
individually to identify cases that occurred in group home facili-
ties. These cases were analyzed for outcome, substances
involved, type of medication error, and management site.
Results: The database search yielded 949 cases. Chart review nar-
rowed this to 428 medication errors that occurred in a group
home. Examining the cases’ medical outcomes, most cases were
classified as having no effect (46.0%), followed by minor effects
(18.0%) and moderate effects (3.3%). There were no major effects
or deaths reported. Cases that were not followed were judged as
nontoxic (12.1%), having minimal clinical effects possible (19.2%), or
being potentially toxic (0.7%). Some cases were later confirmed as a
non-exposure (0.7%). The most common drug class involved in
these unintentional medication errors were atypical antipsychotics
which occurred in 172 cases, followed closely by anticonvulsants
which occurred in 161 of the cases. The three most common scen-
arios were inadvertently taking/giving someone else’s medication,
the wrong medication taken/given, and the individual inadvertently
taking/given medications twice, occurring in 40.9, 21.3, and 18.7%
of cases, respectively. Patients were managed at the group home
89.7% of the time, while 4.0% were already in to a health care facil-
ity, and 6.3% were referred to a health care facility.
Conclusions: Medication errors are occurring in patients residing
in group homes. The majority of errors result in no effect or
minor effects, and serious outcomes are uncommon. The most
common medication error is that the patient takes someone
else’s medication. Medications frequently involved in those errors
are atypical antipsychotics and anticonvulsants.
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221. Characterizing colchicine toxicity
due to medication errors reported to
two regional poison centers over the
past decade

Kayla Bourgeoisa, William Egglestona,
Nicholas Schwiera and James Adamsb
aBinghamton School of Pharmacy and Pharmaceutical Sciences;
bGeorgia Poison Center

Background: Colchicine, an anti-inflammatory medication that
inhibits tubulin polymerization, is approved in the United States
for treatment of gout and Familial Mediterranean Fever (FMF).
Colchicine is also used off-label for other inflammatory condi-
tions, including pericarditis. A growing body of research suggests
inflammation plays an important role in the development of car-
diovascular disease and that low-dose colchicine can reduce risk
of ischemic cardiovascular events. Colchicine is well tolerated at
therapeutic doses but has a narrow therapeutic index. Higher
doses, organ dysfunction, and drug interactions increase the risk
for significant toxicity. Although colchicine toxicity is well charac-
terized at therapeutic doses and in overdose, there is little infor-
mation about the type and severity of toxicities associated with
medication errors. Given the growing interest in colchicine use, it
is imperative that healthcare professionals understand the risks
associated with colchicine medication errors. We conducted a
retrospective review of poison center data to characterize colchi-
cine medication errors and subsequent toxicities over a ten-year
period.
Methods: This was a retrospective chart review of colchicine
ingestions reported to two regional poison centers from 1 July
2012, to 30 June 2022. All unintentional colchicine ingestions
were included. Patients with coingestants, intentional exposures,
malicious exposures, or those involving a child.
Results: One-hundred and forty-seven (n ¼ 147) cases were
identified and 33 (n ¼ 21 males, n ¼ 12 females) met inclusion
criteria. The median age was 54 years and most cases involved
unintentional therapeutic error (n ¼ 28; 84.4%). The average mg/
kg ingested was 0.06mg/kg. Clinical severity was minor in most
cases (61%), and symptoms typically included diarrhea, nausea,
and vomiting (54, 39, and 30%) with a duration of symptoms not
exceeding 24hours in most cases (61%). Only two cases esca-
lated to a critical care site for management. The most common
treatments were intravenous fluids (12/33), activated charcoal (6/
33), and antiemetics (5/33). No patients required oxygenation,
intubation, antibiotics, vasopressors, hemodialysis, colony-stimu-
lating factors, or extracorporeal membrane oxygenation (ECMO).
Most reported errors occurred secondary prescribing errors (24%)
or misunderstandings or miscommunication of dosing to the
patient (36%).
Conclusions: With increasing prescribing and growing indica-
tions for colchicine, there is a need for provider and patient edu-
cation to prevent medication errors. Physicians, pharmacists, and
healthcare systems should recognize the signs and symptoms of
colchicine toxicity, and propensity for medication errors given
the medication’s narrow therapeutic index and variable dosing
strategies.
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222. Hemodynamic instability,
myocardial injury, left ventricular
outflow obstruction, and mitral
regurgitation after inadvertent
brilliant green dye administration

Swetaleena Dash, Spencer Foutz and
Timothy Wiegand
University of Rochester Medical Center

Background: Brilliant Green (BG) is a triarylmethane dye used for
skin marking and topical disinfectant in the preoperative setting.
It has carcinogenic, genotoxic, and antimicrobial properties in
animals and is not meant for intravenous use. In mouse models,
BG caused cardiac and acute lung injury when administered par-
enterally in a 3mg/kg solution. There are no reports of humans
receiving BG parentally, making its effects unknown. We present
a case of a patient with inadvertent intravenous administration
of BG.
Case report: A 72-year-old female with a prior hysterectomy,
bilateral salpingo-oophorectomy, depression, hypertension, and
intermittent supraventricular tachycardia three years prior pre-
sented for elective cystoscopy and vaginectomy for symptom-
atic stage III uterovaginal prolapse. During the procedure, a
medication error occurred where 3mL of BG was administered
intravenously rather than the intended indigo carmine for con-
firming ureteral patency. The patient’s blood pressure
decreased to a minimum of 94/41mmHg, and she developed
tachycardia with a heart rate ranging from 110 to 120 bpm.
She also became hypoxic with an oxygen saturation of 91%
while wearing 3 L oxygen via nasal cannula. A post-operative
twelve-lead EKG showed diffuse ST depression and ST elevation
in aVR. Troponins obtained three hours apart were 27 ng/L and
53 ng/L. After the inadvertent intravenous administration of BG,
the patient reported palpitations, arm pain at the site of the
injection, and left lower extremity pain. The pain improved
with heat packs and intravenous hydromorphone 0.5mg. The
injection also coincided with paroxysms of diaphoresis and a
new grade II holosystolic murmur at the apex. After surgery, a
transthoracic echocardiography (TTE) revealed hyperdynamic
left ventricular ejection fraction, new left ventricular outflow
tract (LVOT) obstruction, and systolic anterior motion of the
mitral valve with moderate regurgitation (MR). Her vital signs
improved within one day, and she was discharged two days
after her operation feeling well. One week later at her follow-
up appointment, she endorsed chest pain, dyspnea, and palpi-
tations. Stress exercise echocardiogram performed two months
after surgery revealed near resolution of LVOT obstruction and
decreased degree of MR.
Discussion: The patient’s symptoms, hemodynamic changes, EKG
abnormalities, and troponinemia were temporarily associated
with the inadvertent parenteral BG administration. While this
could have been due to stress from the procedure, the timing
and similar findings in animal models of BG administration sug-
gest an effect from BG (e.g. transient vasospasm). Type I non-ST
elevation myocardial infarction (NSTEMI) is less likely in this
patient without multiple significant risk factors for coronary
artery disease. The patient had a TTE from one year prior without
LVOT obstruction or MR.
Conclusions: While BG has been shown to cause cardiac and
pulmonary injury after intravenous administration in mouse mod-
els, there are no prior reports of human exposure to intravenous
BG. We describe a patient who experienced hypoxia, tachycardia,
hypotension, NSTEMI, LVOT, and MR after intravenous BG was
inadvertently administered during surgery, suggesting it is

cardiotoxic. Separation of medications from other substances
used during procedures is important to avoid medication error.
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223. 20-Fold dosing error of
tranexamic acid during total knee
replacement surgery

Joan Nolana, Kevin Osterhoudta, Char Witmerb and
James Leonardc
aPoison Control Center at Children's Hospital of Philadelphia;
bDivision of Hematology at Children's Hospital of Philadelphia;
cMaryland Poison Center, University of Maryland School of
Pharmacy

Background: Tranexamic acid (TXA) is a synthetic amino acid
analogue that interferes with the activation of plasminogen to
plasmin. This produces an antifibrinolytic effect preventing clot
breakdown reducing the risk of bleeding. TXA exhibits its hemo-
static effects via competitive inhibition at the lysine residue of
plasminogen, leading to prevention of tissue plasminogen activa-
tor-catalyzed conversion of plasminogen into plasmin with inhib-
ition of degradation of fibrin-containing clot. IV TXA is
recommended for multiple indications including total joint
arthroplasty. We report a 20-fold dose error of IV TXA given dur-
ing outpatient orthopedic surgery.
Case report: 59-Year-old male undergoing a total knee replace-
ment received 10-fold overdoses of tranexamic acid at both
the open and close of his surgery. The intended tranexamic
acid dose was 1 gram IV per administration, totaling 2 grams
perioperatively. The total dose administered was 20 grams. He
received 10 grams at 9:30am and 10 grams at 10:50am. The
patient had normal renal function with a GFR of greater than
100mL/min/1.73 m2. He did not develop any neurological
sequelae or adverse reaction and was discharged home about
4 hours after the second dose with prophylaxis for venous
thromboembolism, which included sequential compression
boots and aspirin 325mg twice daily. He was monitored at
home over the next two days with telephone calls and video
conference and was seen in the clinic on day 3 and reported
no ill effects.
Discussion: Therapeutic doses of TXA have an overall safe pro-
file with common adverse effects largely being nausea, vomit-
ing, diarrhea, and headaches. Rare and severe adverse effects
include thromboembolic events including deep vein throm-
bosis, pulmonary embolism, cerebral thrombosis, and renal cor-
tical necrosis. Patients with renal insufficiency are at increased
risk of visual impairment and seizures, especially when TXA is
given as a continuous infusion. The pharmacokinetic profile of
tranexamic acid is well-described. The estimated half-life is
about 2 hours and thought to be 97% renal elimination. When
given as a continuous infusion, it sequesters in the cerebro-
spinal fluid, increasing the risk of seizures. We were unable to
identify any toxicokinetic data to determine if elimination is
saturated in overdose. Most existing overdose data relates to
inadvertent intrathecal administration of TXA during spinal
anesthesia with outcomes that have included seizures, hyper-
tension, and death. Minimal data exists surrounding intraven-
ous exposures above 4,000mg. The origin of the error was
unable to be determined. Tranexamic acid is available as a
1,000mg/10mL single-dose vial.
Conclusions: While the risks of intravenous TXA overdose still
need to be defined, this case demonstrates that a 20-fold intra-
venous overdose of TXA in a healthy male adult can occur
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without no injury in the immediate post operative days. Further
data is necessary to determine optimal monitoring for thrombo-
embolic and other adverse events after this type of error.
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224. Characterization of nirmatrelvir-
ritonavir (Paxlovid

VR
) calls managed by

a regional poison center

Angela Lam, Masha Yemets, Denise Couch and
James Leonard
Maryland Poison Center

Background: In June 2022, the Food and Drug Administration
(FDA) approved an Emergency Use Authorization on nirmatrelvir-
ritonavir (PaxlovidV

R

) for treating patients with mild-to-moderate cor-
onavirus disease 2019 (COVID-19) who are at high risk for symptom
progression. Since then, our regional poison center has received
calls regarding administration, drug interactions, adverse effects,
medication errors, and overdose of this medication. Because nirma-
trelvir was a new drug, scanted information about overdose or
medication errors is available. The objectives of this study are to (1)
characterize the types of exposure calls and (2) characterize drug-
drug interactions in drug information calls of nirmatrelvir-ritonavir.
Methods: This was an IRB-approved retrospective analysis of calls
reported to a regional poison center from 6/1/22 to 4/30/23.
Exposure calls’ inclusion criteria included cases coded for nirma-
trelvir-ritonavir with an exposure call type. A descriptive analysis
was conducted to assess the relevant demographic and clinical
characteristics. Drug information calls’ inclusion criteria included
cases coded for drug information. Each coded substance was
compared against a list of established and other potentially sig-
nificant drug interactions published by the FDA.
Results: There were 24 unique nirmatrelvir-ritonavir human
exposures during the study period; 54.2% were females. Of the
23 cases with age documentation, the mean [IQR] age was 62.2
[50–78.5] years. Nineteen cases (79.2%) were single substances,
and five (20.8%) had one or two co-ingestants. The majority of
cases were acute (20/24, 83.3%), and the remaining cases were
acute-on-chronic (2/24, 8.3%) or chronic (2/24, 8.3%). The reasons
for exposures were unintentional-therapeutic error (14/24,
58.3%), adverse reaction (8/24, 33.3%), and unintentional-general
(2/24, 8.3%). Two patients experienced symptoms related to nir-
matrelvir-ritonavir exposures (GI upset and diarrhea, respectively).
Three other patients reported symptoms that are unknown if
related to the exposures. The remaining 20/24 (83.3%) cases
were managed at home. Three patients with therapeutic errors
received treatment consisting of dilute/irrigate/wash (n ¼ 2) and
food/snacks (n ¼ 1). Two patients with adverse drug events
received fluids (n ¼ 1) and bronchodilators (n ¼ 1). In terms of
medical effects, 2/24 (8.3%) had no effect, 2/24 (8.3%) had minor
effects, 3/24 (12.5%) were judged as nontoxic, 14/24 (58.3%)
were minimal clinical effects possible, 2/24 (8.3%) were unrelated
– probably not responsible, and 1/24 (4.2%) was unable to fol-
low, potentially toxic exposure. The duration of minor effects on
the two cases was < ¼ 2 hours and < 3 days, respectively.
Twenty of the twenty-four cases (83.3%) were managed on-site,
3/24 were treated and released, and 1/24 (4.2%) was lost to fol-
low-up. During this study period, there were 45 drug information
cases. Twelve substances were identified as known or potentially
significant drug-drug interactions with nirmatrelvir-ritonavir.
Conclusions: Most nirmatrelvir-ritonavir exposures called into
our regional poison center were therapeutic errors, followed by
adverse drug reactions. Based on our analysis, reported symp-
toms were generally mild. Treatment was largely supportive. In

addition, poison centers can serve as a resource for drug-drug
interaction identification and patient counseling.
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225. Methotrexate toxicity in the
setting of therapeutic error, a
multicenter retrospective review

Andrew Chambersa, Emily Kershnera, Catherine
Donga, Kirk Cumpstona, Rutherfoord Rosea, Nathan
Charltonb, Jon Colec, Carrie Oaklandd, Michael
Mosse, Frank Dickerf, David Lissf and Brandon Willsa
aVirginia Commonwealth University; bUniversity of Virginia;
cHennepin Healthcare and Minnesota Poison Control System;
dMinnesota Poison Control System; eUtah Poison Control Center;
fWashington University School of Medicine

Background: Methotrexate (MTX) is a folic acid antagonist that
is commonly used in a variety of conditions for its immunosup-
pressive effects and as a disease-modifying agent. Typical oral
treatment regimens include weekly dosing. Patients occasionally
misunderstand labeled prescription information and take metho-
trexate daily instead of weekly. There is a paucity of literature
evaluating methotrexate toxicity in the context of daily versus
weekly dosing. This study aims to characterize thresholds (total
dose and time) for developing toxicity from unintentional, daily
MTX ingestion in adults.
Methods: This was a multi-center retrospective cohort study using
electronic records from regional poison centers and hospital data
between 1 January 2000 and 24 January 2023 evaluating metho-
trexate toxicity following therapeutic errors. Electronic medical
record data was used when available. Inclusion criteria included
adults �18 years of age who had a therapeutic error for oral
methotrexate dosing by taking it greater than weekly. Exclusion cri-
teria included pediatric ingestions, single acute overdose, preg-
nancy, intrathecal or intravenous dosing, or co-ingestion of other
cytotoxic or myelosuppressing medications. Organ system dysfunc-
tion was defined as any cytopenia, stomatitis/esophagitis, severe
dermatologic manifestations, kidney dysfunction, and transaminitis.
The primary outcome was the relationship between dose and time
and presence of organ system dysfunction.
Results: The search identified 387 cases and after exclusion, 72
cases remained. Mean age was 61 (SD 14.5) years with 69%
female. There were 68/72 cases (94%) prescribed MTX weekly,
and of these 62 (86%) took MTX daily. Mean duration and dose
of MTX was 6 days and 73mg (SD 56.8), respectively. End organ
dysfunction was observed in 31 (43%) cases, 29 (94%) of which
included stomatitis/mucositis. Leucovorin was administered to 31
(43%), gCSF in 6 (8.3%), antibiotics in 9 (12.5%), and glucarpidase
in no patients. Average hospital LOS was 4.4 days for the entire
cohort versus 6.3 days for those with organ system dysfunction.
There were two deaths. No patient developed organ system dys-
function if MTX was taken for < 3 days, or a total dose of
< 32.5mg.
Conclusions: Taking MTX daily when prescribed weekly can
result in serious toxicity and death. Daily dosing for < 3 days or
total dose < 32.5mg resulted in no organ system toxicity.
Limitations include the retrospective nature of the data,
unblinded chart, and a lack of interrater reliability assessment
due to the multi-centered nature of the study.
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226. What dose makes the poison?
Identifying dosages of 2,4-
dinitrophenol from social media
commentary

Michael Chary and Stefan Bartell
Weill Cornell Medical Center

Background: As little as 400mg of 2,4-dinitrophenol (DNP) can
cause cardiovascular collapse. Yet, online forums discuss using
DNP for weight loss with few adverse effects. Our understanding
of DNP use comes from autopsies and reports to Poison Control.
Online commentary provides a unique window into DNP use
because the FDA prohibited DNP for human use in 1938. In a
study of 105 comments, we found that users describe taking
150–200mg of DNP each day and withstanding 300–400mg
each day by also using cetirizine or diphenhydramine. We used
manual curation for that because current methods do not reli-
ably extract dosage from online comments. Our primary object-
ive was to develop a method that automatically extracts dosages
of DNP from online commentary, thus allowing us to study larger
data sets. Our secondary objective was to develop a method that
did not require extensive computational resources.
Methods: We searched online bodybuilding forums for deidenti-
fied publicly available comments that mentioned DNP, 2,4-DNP,
dinitrophenol, or 2,4-dinitrophenol. Noting that any reasonably
likely expression of dosage must contain a substance and
amount, we searched each comment for sequences of numbers,
units, and frequencies modifying those keywords. We identified
substances by using our previously described approach of manu-
ally reviewing all nouns. We computed the correlation between
mention of two substances.
Results: We obtained 6,742 unique comments longer than 5
words from 5 online discussion forums from 2018 to 2022. We
identified 11 patterns of numbers, units, and frequencies that
occurred more than once in those comments. Compared to a
manual review of 2,616 of these 6,742 comments, these 11 pat-
terns identified doses with a sensitivity and specificity of 0.50
and 0.98. Using these 11 patterns, we extracted dosages from
the 6,742 comments. The median dose was 250mg each day
(interquartile range 200–400mg each day). The top 4 substances
that users mentioned along with DNP were ephedrine, caffeine,
growth hormone, and testosterone propionate. Cetirizine was
mentioned in 67/6,742 (1%) of comments and diphenhydramine
in 762/6,742 (11%) of comments.
Conclusions: Online users report tolerating doses of DNP that
are half the reported minimal fatal dose. Agents that are mech-
anistically unlikely to help with toxicity from DNP, like diphen-
hydramine and cetirizine, are mentioned frequently, as are other
ergogenic supplements and canonical anabolic agents.
Grammatical rules can identify dosages from online commentary
and do not require large amounts of training data, unlike other
machine learning approaches. However, the low sensitivity sug-
gests that more rules are needed to capture how people express
dosage online.
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227. Ashwagandha (Withania
somnifera) exposures reported to
poison centers from 2015 to 2021

Sheila Goertemoeller, Jonathan Colvin,
Alysha Behrman and Shan Yin
Cincinnati Childrens Hospital Medical Center's Drug and Poison
Information Center

Background: Ashwagandha, an herbal tonic with a unique
equine urine odor derived from the Sanskrit words for horse and
smell, has been utilized in Ayurvedic and Unani medicine for cen-
turies. The shrub contains a variety of phytochemicals including
steroidal lactones, alkaloids, steroids, salts, and flavonoids that
are derived from various parts of the plant. Currently, ashwa-
gandha is marketed in various formulations as a dietary supple-
ment and adaptogen for improving mental and physical well-
being. Recent studies have explored the potential of ashwa-
gandha withanolides in silico for chemoprophylaxis against
COVID-19. Despite its longstanding use, there is a paucity of data
on the toxicity associated with unregulated use and overdose of
ashwagandha.
Methods: This was a retrospective review of ashwagandha expo-
sures reported to the National Poison Data System (NPDS) from
2015 to 2021. Inclusion criteria was limited to single-substance
human ingestion cases coded with a Poisindex product code for
ashwagandha (4015958, 8315429, 8287306). Confirmed non
exposures were excluded. Trend analysis and descriptive statistics
were performed using absolute case counts and relative
proportions.
Results: A total of 350 ashwagandha exposures were identified
to meet inclusion criteria. The mean case count more than
doubled during the COVID-19 pandemic from 35 cases per year
(2018–2019) to 76.5 cases per year (2020–2021), which aligns
with published reports indicating that ashwagandha may impede
proteins necessary for viral replication. During the 7-year study
period, adverse reactions and therapeutic errors were the most
common coding categories for cases; however, in 2021, there
was a disproportionate increase in cases involving accidental
exposure (13 cases in 2019 vs. 92 cases in 2021) and intentional
self-harm (1 case in 2019 vs. 10 cases in 2021). Among children
aged 0–12 years, no cases resulted in moderate or major effects.
However, among teenagers and adults (aged 20þ years, n ¼ 26),
8 and 15%, respectively, had a moderate or major outcome. 1
outlines the proportion of cases managed in a healthcare facility.
Gastrointestinal symptoms were the most commonly reported
clinical effects, including vomiting (11%), nausea (9%), diarrhea,
and abdominal pain (6%). Serious symptoms reported included
seizures (n ¼ 2, 0.6%), renal failure (n ¼ 1, 0.3%), dysrhythmias (n
¼ 1, 0.3%), and liver dysfunction (n ¼ 3, 0.9%). A narrative review
of three cases involving a major outcome revealed that two
patients presented with acute liver injury and jaundice, while the
third patient presented with seizures but had a history of
epilepsy.
Conclusions: Poison Centers responded to an increase in ashwa-
gandha exposures during the COVID-19 pandemic. While many
patients remained asymptomatic, serious symptoms including
seizures, and liver dysfunction were reported among teen and
adult populations.
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228. Characterization of GLP-1 agonist
exposures from a single poison center

Karen Muschler, Lesley Pepin and Christopher Hoyte
Rocky Mountain Poison Center/Denver Health

Background: Glucagon-Like Peptide-1 (GLP-1) agonists are
increasingly prescribed medications for type II diabetes and
weight management. These medications were well tolerated in
clinical trials with the primary side effect of nausea and vomiting;
hypoglycemia rarely developed. With rising social popularity,
wider FDA indications for use, and exponentially rising market
share, this study sought to characterize GLP-1 agonist exposures
reported to a regional poison center (PC).
Methods: This was a retrospective chart review. All reports
involving GLP-1 agonists from 01/14/2014 to 05/01/2023
reported to a single PC were abstracted and characterized.
Descriptive statistics analyzed demographics, call volume, calls
per drug, behavioral use patterns, frequency of hypoglycemia
and other side effects. Calls were heterogenous and were ana-
lyzed by caller’s report. Overdoses were designated as small or
large. “Small” overdoses were defined as either a same day
second injection or a single extra injection in a seven-day win-
dow. “Large” overdoses were either more than a double dose
error or daily use of the medication. Significant hypoglycemia
was defined by blood glucose (BG) nadir < 80mg/dL or requir-
ing intravenous dextrose solutions.
Results: Two hundred thirty-seven calls involved GLP-1 agonists.
Annual increase in calls rose sharply over the period of interest
from 2014 (n ¼ 10) to 2022 (n ¼ 70) and likely higher still in
2023 (n ¼ 29 as of May 1). Majority of calls (69.2%) involved
unintentional therapeutic error, 50.2% small overdoses and
18.9% large overdoses. There was no appreciable association
between dose of GLP-1 agonist used in overdose and consistent
clinical effect. In a subgroup excluding information calls, needle-
sticks, intentional polypharmacy ingestions, and occupational
ocular exposures (193 calls), most calls involved about semaglu-
tide (36%), followed by liraglutide and dulaglutide (25% and
26.5% respectively). Hypoglycemia without exposure to other
hypoglycemic medications (sulfonylureas, insulins) was identified
in eight cases (3.4%) of which five required overnight hospitaliza-
tion for treatment. Three cases of anaphylactic reactions were
recorded. In the isolated GLP-1 agonist exposure cohort of 193
calls, 55% had no symptoms from their overdose regardless of
size; 25% reported nausea and/or vomiting; and < 1% reported
abdominal pain, chest pain, tachycardia, headache, or other
symptoms.
Conclusions: PC GLP-1 agonist reports are rapidly increasing. A
high number of therapeutic errors were reported without serious
effect, regardless of amount of overdose. Hypoglycemia necessi-
tating medical treatment was present in < 5% of cases of iso-
lated GLP-1 agonist use, similar to Phase III trials, but 66% of
hypoglycemic patients required overnight hospitalization.
Predisposing factors for hypoglycemia were unpredictable based
on available data. The retrospective nature of patient-reported
concerns limits granular data analysis. Most (69%) of the calls in
this retrospective cohort were unintended overdoses from misun-
derstood instructions. Considering the average cost of a GLP-1
agonist is $1058 for a 30-day supply, an extra dose error costs
> $250. While it is reassuring that these overdoses are not fre-
quently causing patient harm, it suggests that dosing instructions
need to be made clearer to patients.
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229. How many shots are too many?
A poison center’s experience with
GLP-1 agonists

Stacy Marshalla, Erin Ryanb, Lindy Reynoldsa,
Jessica Riveraa and Sukhshant Attia
aUniversity of Alabama at Birmingham; bAlabama Poison
Information Center

Background: Glucagon-like peptide (GLP)-1 agonists use has
increased over the last decade for improved glycemic control in type
2 diabetes mellitus, reducing cardiovascular risk, and weight loss.
However, there is little data regarding GLP-1 agonists in overdose.
Methods: This is a descriptive study evaluating and characterizing
GLP-1 agonist exposures reported to a single poison center
between 2005 and 2022. Cases involving GLP-1 agonist exposure
were included. Descriptive data analysis was conducted to evaluate
demographics, circumstances of exposure, and adverse effects.
Results: A total of 166 charts were identified; 152 charts met
inclusion criteria. There were 116 (76%) females and 36 (24%)
males. Specific agents included dulaglutide (n ¼ 38, 25%), exena-
tide (n ¼ 18, 12%), liraglutide (n ¼ 22, 14%), semaglutide (n ¼ 65,
43%), and terzepatide (n ¼ 9, 6%). Subcutaneous injection (n ¼

141, 93%) was the primary route of exposure, followed by inges-
tion of oral tablets (n ¼ 10, 7%). A history of diabetes mellitus was
reported in 65 (43%) cases and 10% (n ¼ 11) clearly indicated the
medication was being used for weight loss. Most were single sub-
stance exposures (n ¼ 146, 96%) but concomitant antidiabetic
medication use was recorded in 51 (35%) cases. Almost all expo-
sures were unintentional (n ¼ 143, 94%) and 26% (n ¼ 40)
involved double dosing within an hour of the first dose. Many of
these involved first time use errors secondary to misunderstand-
ing of how to use the injection pen (n ¼ 32, 21%). An additional
25 (16%) reported double dosing within 24hours of the first dose
and 12 (8%) patients reported injecting the medication daily
instead of once weekly as directed. The most commonly reported
adverse effects were ‘weakness’ (n ¼ 16, 10%), nausea and vomit-
ing (n ¼ 28, 18%), and abdominal cramping (n ¼ 8, 5%). Four
patients developed hypoglycemia, 2 of which were self-harm
attempts using entire pens of semaglutide and dulaglutide,
respectively, along with co-administration of entire pens of glar-
gine. These resulted in intensive care unit (ICU) admissions and
continuous dextrose infusions for 3 days each. A third patient mis-
takenly injected semaglutide 40mg instead of insulin and had
resolution of hypoglycemia within 24hours after a dextrose bolus
and feeding. A fourth patient took a double dose of dulaglutide,
requiring a continuous dextrose infusion and ICU admission.
Acute liver injury, acute kidney injury, and pancreatitis were not
reported in any cases. Most patients were monitored at home (n
¼ 94, 62%), 4 (3%) were admitted to the ICU for glucose checks, 7
(5%) were admitted to the floor, 22 (14%) were discharged from
the ED, and the remaining were lost to follow-up. Fifty-four (36%)
experienced no effect, 26 (17%) minor effect, and 7 (5%) moderate
effect with the rest lost to follow-up.
Conclusions: Hypoglycemia was rare in this cohort, but occurred
in the setting of a single agent GLP-1 agonist exposure in two
cases. Two additional cases of hypoglycemia involved co-adminis-
tration of insulin. Many overdoses were related to poor under-
standing of how to utilize injection pens, indicating that patients
may require improved education. Limitations associated with
retrospective chart reviews and poison center data are inherent
to this study.
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230. Horner syndrome following
confirmed Crotalus horridus horridus
envenomation

Niki Ritchiea, Erin Ryana, Dag Shapshakb and
William Rushtona
aAlabama Poison Information Center; bUniversity of Alabama at
Birmingham

Background: Snake envenomation has the potential to cause an
array of short- and long-term complications. We report a case
where a rattlesnake bite to the hand progressed into Horner’s
syndrome. Horner’s syndrome affects the face and eye unilat-
erally due to damage to the sympathetic innervation and classic-
ally involves miosis, anhidrosis, and ptosis on the affected side.
Case report: A 24-year-old male landscaper with no medical his-
tory presented to an emergency department in the Southeastern
United States within one hour of envenomation to the left hand
by a rattlesnake (visualized Crotalus horridus horridus) while work-
ing. He was noted to be diaphoretic and drooling with angioe-
dema of the face requiring immediate intubation. Swelling
progressed from the wrist to the bicep by day 2 with erythema
extending onto the chest, abdomen, and face. A total of 16 vials
of crotalidae polyvalent immune fab were given. The patient self-
extubated on day 6 after which he reported paresthesia in both
arms and weakness that was greater in the arm contralateral to
the bite site. Neurology was consulted due to concern for
Horner’s syndrome; pyridostigmine therapy was trialed for sus-
pected neuromuscular junction pathology without gross
improvement. A CT of the head, neck, and spine was unremark-
able. No coagulopathy or thrombocytopenia was noted during
hospitalization. The patient was discharged on day 14. On follow-
up in an outpatient snake envenomation clinic on day 23, the
patient was noted to have minimal residual edema but a variety
of persistent neurological effects. He reported subjective changes
in swallowing, a smaller left pupil, and anhidrosis on the left side
of his face. Strength in both arms was improved from discharge
but decreased bilateral grip strength, right wrist drop, decreased
shrug, and left sided ptosis persisted. The patient also exhibited
hyperalgesia to light touch to the right dorsal thumb, index, and
lateral middle finger. Follow up studies including electromyog-
raphy and MRI of the cervical spine were recommended but
unable to be obtained due to insurance issues and the patient
was lost to follow-up.
Discussion: In contrast to most North American pit viper enve-
nomations, this patient exhibited significant neurologic symp-
toms. While the patient's swelling was severe during his
hospitalization, these effects had almost fully resolved by the
time of follow-up several weeks later. Examination at this time
showed significant persistent neurological deficits including left
sided Horner's syndrome. Due to his distribution of neurological
deficits that could not be attributed to a single CNS or peripheral
lesion, the patient's symptoms were hypothesized to be related
to an autoimmune reaction triggered by the venom. Because the
patient was lost to follow-up after the initial clinic appointment,
it is unclear to what extent these deficits were reversible.
Conclusions: This case demonstrates significant neurological
sequelae including Horner’s syndrome after a confirmed Crotalus
horridus horridus envenomation potentially caused by an auto-
immune reaction to the venom.
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231. Persistent complications
following snake envenomation: results
of a specialized snake post discharge
clinic

Erin Ryana, Dag Shapshakb, Katherine Griesmerb,
Matthew Kellyb, Sukhshant Attib, Niki Ritchiea,
Jessica Riverab and William Rushtona
aAlabama Poison Information Center; bUniversity of Alabama at
Birmingham

Background: While acute management of pit viper envenom-
ation has been extensively studied, less is known about compli-
cations after discharge. A specialized outpatient follow-up clinic
staffed by medical toxicologists and wound care experts was
launched in 2021 to treat snakebite patients age �5 years
throughout the state with referrals initiated by the local poison
center.
Methods: This was a retrospective study of patients evaluated
after hospital discharge in a specialized snake envenomation
clinic between 6/1/2021 and 12/31/22. Data were extracted from
clinic records and details of initial hospital course were obtained
from poison center charts. Complications and/or clinic interven-
tions were correlated with patient demographics, bite circum-
stances, and factors during hospitalization using t-tests for
continuous variables and Fisher's exact test for categorical
variables.
Results: Forty patients (50% male; mean age 34 years, range
5–74 years) were included. Snake species was identified in 30
cases comprising of Agkistrodon contortrix (n ¼ 24), Agkistrodon
piscivorous (n ¼ 2), and Crotalus horridus horridus (n ¼ 4).
Complications noted at follow-up included persistent lymphe-
dema (n¼ 29), open wounds (bullae or eschars; n ¼ 8), and signs
of infection (n ¼ 2). Interventions included compression (n ¼ 21),
physical therapy (n ¼ 15), and debridement (n ¼ 4). No delayed
coagulopathy was observed. Persistent lymphedema was more
common in Agkistrodon vs rattlesnake envenomations (80.8 vs.
25%, P ¼ 0.048) and patients with nadir fibrinogen �170mg/dl
(78.8 vs. 0%, P ¼ 0.005). Patients �12 years old (60 vs. 14.3%, P
¼ 0.046), with bites to digits (60 vs 6.7%, P ¼ 0.001), and with
bullae (100 vs. 13.5%, P ¼ 0.006) were more likely to have open
wounds in clinic. Compression was more frequently prescribed in
Agkistrodon vs Crotalus envenomations (65.4 vs. 0%, P¼ 0.026),
lower extremity bites (73.9 vs. 23.5%, P ¼ 0.003), patients without
systemic symptoms (60.6 vs. 14.3%, P ¼ 0.040), and patients
treated with F(ab')2 vs Fab antivenom (100 vs. 40.6%, P ¼ 0.040).
Patients with bullae (100 vs. 32.4%, P ¼ 0.046) and those who
required opioid analgesia (45.5 vs. 0%, P ¼ 0.033) were more
commonly referred to physical therapy. Debridement was more
likely to be needed with bites to the digit (30 vs 3.3%, P ¼

0.042), bullae (66.7 vs. 5.4%, P ¼ 0.022), shorter lengths of stay
(mean 2 days vs 3.3 days, P ¼ 0.001), and quicker follow-up after
the envenomation (mean 6 days vs. 9.72 days, P ¼ 0.047).
Conclusions: Persistent lymphedema and need for physical ther-
apy were common upon follow-up after snake envenomation
while wounds requiring debridement and infection were less fre-
quent. In this small study, Agkistrodon envenomations were more
likely to present with persistent lymphedema than rattlesnakes.
Agkistrodons’ propensity to induce local tissue damage without
severe systemic coagulopathy may also explain why absence of
hypofibrinogenemia and systemic symptoms were associated
with persistent lymphedema at follow-up. Bullae formed during
hospitalization and bites to digits were associated with need for
debridement and physical therapy, suggesting these patients
especially may benefit from close follow-up after discharge.
Persistent swelling, issues with wound healing, and functional
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deficits are common in patients who have been discharged from
the hospital after snake envenomation. Agkistrodon envenoma-
tions, bites to digits, and bullae may be associated with higher
rates of these complications.

KEYWORDS Snake envenomation; pit viper; lymphedema

eeryan22@gmail.com

232. Clinical and demographic
findings in patients with Crotalus
oreganus envenomation

Samy Chettat and Robert Hendrickson
Oregon Health and Sciences

Background: Crotalus oreganus (Northern Pacific Rattlesnake) is
the only venomous snake occurring naturally in Oregon. Clinical
and laboratory data on patients envenomated by C. oreganus are
not well described in the literature. This study aims to describe
the clinical and demographic features of C. oreganus
envenomation.
Methods: The ToxicallV

R

database was searched for cases within
Oregon with snakebite as the substance datafield from 2019 to
2021. A total of 30 cases were included. Included cases were
those in which a patient reported an indigenous rattlesnake bite
and an ER physician had examined the wound and deemed it
consistent with a snake bite. Documented data points including
date of bite, age and sex of patient, location of bite, symptom
description, hospital length of stay, and antivenom received vs.
dry bite were pulled from the chart. Clinical and Laboratory data
such as vital signs, INR, PTT, Fibrinogen, and Platelet count were
also pulled when available.
Results: All but 1 bite occurred in summer months between May
and September. Most patients were male (86%) between the age
of 18-64. 26% were dry bites. CrofabV

R

was used in the majority
of cases (56%). AnavipV

R

was used in 16% of cases. Five patients
under 18 years old were envenomated. 77% were bitten in the
hands/fingers whereas 23% were bitten in the foot/ankle. 83% of
envenomations had significant swelling at the site of the bite.
Almost half of the envenomated patients described neurologic
symptoms like paresthesia of the limbs or perioral tingling. All of
the cases receiving AnavipV

R

got an initial 10 vial dose, and one
case required two additional 10 vial doses. All of the cases
receiving CrofabV

R

were managed with a 6 vial loading dose fol-
lowed by 3 maintenance doses of 2 vials, except one patient
who was found to have a thrombocytopenia (< 50 K/mcL) on
follow up labs and required readmission for a total of 9 days and
54 vials of CrofabV

R

for prolonged thrombocytopenia. A total of 3
envenomated patients had a platelet nadir < 100 K/ml. No
patients had an abnormal INR. 3 patients had a slight elevation
in partial thromboplastin time. No patients had a significantly
abnormal fibrinogen. No spontaneous bleeding was reported. No
deaths or significant morbidity such as limb loss, or hemo-
dynamic instability occurred. There were no reported adverse
effects to either antivenom. The mean length of hospital stay
among all envenomated patients was 2 days.
Conclusions: Between 2019 and 2021 in the state of Oregon,
Northern Pacific Rattlesnake envenomations were managed with
both CrofabV

R

and AnavipV
R

without severe morbidity or any mor-
tality. Significant thrombocytopenia or coagulopathy is relatively
rare in the reported cases.

KEYWORDS Crotalus oreganus; rattlesnake

chettat@ohsu.edu

233. The circumstances surrounding
snakebites in the United States: a survey
of surreptitious serpent-person skirmishes

Kaitlin Ryana, Hannah Spungena, Mark Tesherab,
Spencer Greenec, George Warpinskid, Kim Aldye,
Anne-Michelle Ruhaa and on behalf of the ToxIC
North American Snakebite Study Group
aBanner University Medical Center Phoenix; bCentre College;
cUniversity of Houston College of Medicine; dUniversity of Texas
Southwestern Medical Center; eAmerican College of Medical
Toxicology

Background: In 2013, the ToxIC North American Snakebite
Registry (NASBR) began collecting detailed prospective informa-
tion regarding characteristics of North American snakebites.
Published studies from this registry demonstrate an increased
prevalence of snakebite in men, but the activities surrounding
the bite have not been examined at a granular level. The object-
ive of the study was to describe the circumstances at the time of
a snake bite in patients reported to NASBR.
Methods: This was a secondary data analysis of cases reported to
the NASBR between 2013 and 2021. A standardized data collec-
tion tool was utilized to extract variables of interest, which
included age, sex, calendar month of bite, type of snake involved,
location where bite occurred and circumstances surrounding the
bite (entered as free text by investigators). These circumstances
were divided into eight major categories defined by the authors,
which included “hobbies”, “chores,” “sports and recreation,”
“water-related,” “vehicle-related,” “dog-related,” “other animal-
related” (which included intentional interactions with the snake),
and “other activities” which were assigned based on review of
the case narrative and agreed upon by authors. These categories
were further divided into more specific subcategories.
Results: Of 1249 snakebites with circumstances reported, the most
common activities were sports and recreational (n ¼ 368; 29.5%),
hobbies (n ¼ 181; 14.5%), and other animal-related activities (n ¼

169; 13.5%). Of sports and recreational activities, “walking” (228/368;
62%) and “hiking” (62/368; 16.8%) were most common. “Playing”
and “gardening” were the most common hobbies, and taking out
trash and yardwork were the most common chores. For cases in
other situational categories, the majority of dog-related cases
involved walking a dog when bitten by the snake (24/36; 66.7%),
and most vehicle-related activities described the patient stepping in
or out of a car when bitten (21/32; 65.6%). Of the 1249 cases, 39
described the patient attempting a “Good Samaritan” activity, which
included trying to save a human (n ¼ 8/39; 20.5%), save a pet (n ¼

11/38; 28.2%) or save the snake (n ¼ 10/38; 25.6%). 59 of the 1249
total cases (4.7%) describe the patient reaching into a blind space
when the snakebite occurred. In 86/1249 cases (6.9%) the patient
reported a history of ethanol consumption in the 4hours preceding
the snakebite, and 129/1249 cases (10.3%) involved recreational or
illicit drug use. Comparing intentional (n ¼ 178) and unintentional
(n ¼ 1071) snake-human interactions, most intentional interactions
resulted in upper extremity bites (167/178; 93.8%) and all non-
native snakebites were intentional interactions. Indoor and outdoor
locations where snakebites occurred were also recorded.
Conclusions: The majority of cases involved unintentional inter-
actions with snakes in adult patients. Over 50% were associated
with everyday activities (sports and recreation, hobbies, chores).
Drugs or alcohol were involved in a minority of cases.
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234. Association between daily high
temperature and copperhead
envenomations reported to a regional
poison center

Andrea Harrisa, Healther Sellmanb and
James Leonardb
aUniversity of Maryland School of Medicine; bMaryland Poison
Center, University of Maryland School of Pharmacy

Background: Venomous snakebite incidence is projected to
increase along with increases in mean temperature and continued
global climate change, as habitats for these snakes increase in size
and grow towards polar regions. There is limited published litera-
ture on the association between temperature and copperhead
envenomations, particularly along the northern terminus of the
Eastern copperhead range, where envenomation incidence may
be more sensitive to temperature variation. The objective of this
study was to determine the association between ambient air tem-
perature and incidence of copperhead envenomation between
2005 and 2022 reported to a regional poison center.
Methods: This was a retrospective case-crossover study of
copperhead envenomations reported to a regional poison center
between 1 January 2005 and 30 November 2022. Copperhead
envenomations were identified by a generic code search. All
cases were reviewed by two independent reviewers, with a third
reviewer resolving disagreements. Cases were excluded if no bite
occurred, the case occurred outside of the region covered by the
poison center, or the snake was kept as a pet. Information on
daily high temperature was from Climate Data Online, a reposi-
tory of weather station data provided through the National
Oceanic and Atmospheric Administration. Control dates for tem-
perature data were 7 days before date of envenomation to
account for increased human activity on weekends vs. weekdays.
An odds ratio for the association between temperature and
copperhead envenomation was calculated using conditional
logistic regression to account for matching. A Student’s t-test
was utilized to compare differences between daily high tempera-
ture on case days vs. control days.
Results: 624 Envenomations were included. Cases per year
increased from 23 in 2005 to 50 in 2022. The population was
61% male with a mean (SD) age of 40.9 years (20.1). 45% of bites
occurred between 1600 and 2200, 36% between 1100 and 1600,
16% between 0500 and 1100 and 11% between 2200 and 0500.
There was a 6.5% (95% CI: 4.5–8.5%) relative increase in odds of
copperhead envenomation for each one-degree Fahrenheit
increase in daily high temperature. There was a significant differ-
ence (P < 0.0001) in mean maximum temperature on case days
(84.98�, SE: 0.29) vs. control days (82.43�, SE: 0.36).
Conclusions: In this case-crossover study comparing daily high
temperature on days with envenomation compared with control
days 7 days prior, we found a positive association between daily
maximum temperature and copperhead envenomations. This
analysis, completed in a humid subtropical climate region on the
northern edge of historical copperhead habitat, suggests that
snake envenomations are likely to increase with increasing daily
maximum temperatures. Hospitals and health departments
should target availability of antivenom to temperature conditions
when envenomations are most likely to occur, which may hap-
pen earlier in the spring and later in the fall in this region.
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235. Non-native North American
envenomations reported to (state)
poison center network 2013–2022

Austin Gaya, Shawn Varneya, Tony Gaoa and
Haylea Stutevilleb
aUT Health San Antonio; bTexas Department of State Health
Services

Background: The treatment and predicted clinical course in
patients envenomated by indigenous North American (NA)
snakes is well documented, and treatment options are widely
available. However, a significant portion of snake envenomations
is caused by non-indigenous snake species. Specific antivenoms
are less often available, and clinical course may vary widely. This
study aimed to describe exotic snakebite envenomations
reported to our statewide poison center network.
Methods: Charts for venomous exotic (non-native NA) snakebite
exposure cases reported to our state poison center network from
2013-2022 were obtained from the database (ToxicallV

R

). Cases
were excluded if the patient did not present to a healthcare facil-
ity (HCF), or if the snake was not venomous. Charts were
assigned for double review and abstraction to one of three toxi-
cologists in a data entry template accompanied by a data entry
guide. Abstracted variables included demographics (age, sex),
snake type, bite site, time to presentation, antivenom administra-
tion/source, laboratory values, clinical interventions, and medical
outcomes. After the abstractions were complete, any discrepan-
cies among cases were adjudicated by the third abstractor.
Descriptive statistics were performed and presented as means
and standard deviations (SD) for describing continuous variables,
and frequencies and percentages for dichotomous variables.
Results: Of 12,430 snakebites reported to our poison center net-
work from 2013 to 2022, 53 were by exotic venomous snakes, of
which only 32 arrived at a HCF and were included as cases.
Males were more likely to be envenomated (28, 87.5%), and 22
envenomations occurred at home (68.8%). Twenty-eight (87.5%)
bites occurred to the hand/wrist. Regarding clinical effects, 26
(81.3%) reported cytotoxicity (e.g., edema), 10 (31.3%) described
neurotoxicity (e.g., numbness, respiratory depression), and only
one (3.1%) had coagulopathy. Five (15.6%) required intubation.
There were no deaths reported. Regarding disposition, 19/31
(61.3%) patients were admitted with 11/19 (57.9%) of those
admitted to an intensive care unit. Nine of 31 (29.0%) were dis-
charged from the emergency department and 3/31 (9.7%) left
against medical advice. Regarding snake type, vipers caused 15
(46.9%) envenomations, and elapids caused 17 (53.1%). The most
common snakes were of the Naja genus (cobras) with 11/32
(34.3%). Antivenom was administered in 12 (37.5%) cases with
one reported case of adverse reaction (8.3%). Of 16 cases in
which antivenom was obtained, 13 (81.3%) were supplied by
zoos. Time in healthcare facility ranged from one hour to over
seven days, with a median of 26 hours. No fasciotomies were per-
formed. Of 32 recorded toxicology consults, 10 (31.3%) were at
bedside, while 22 (68.8%) were completed by phone.
Conclusions: In our state, exotic snakebite envenomations had a
wide range of clinical outcomes, but no fatalities. Envenomations
occurred primarily outside the setting of accredited zoos; how-
ever, zoos supplied nearly all antivenom administered. This
emphasizes the importance of close relationships and infrastruc-
ture for coordination between zoos and toxicology services.

KEYWORDS Exotic snakebite; non-native snake envenomation; exotic snake
envenomation
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236. Flatlining from snakebites: use of
thromboelastograms to manage VICC
from Crotalus horridus horridus

Katherine Griesmera, William Rushtonb,
Jessica Riveraa, Matthew Kellya and Sukhshant Attia
aUniversity of Alabama-Birmingham; bAlabama Poison Information
Center

Background: Venom-induced consumptive coagulopathy (VICC)
is a potentially life-threatening hemotoxic complication from cro-
talinae envenomations. Traditionally, coagulation lab studies such
as fibrinogen, platelets, prothrombin time/international normal-
ized ratio (PT/INR), and partial thromboplastin time (PTT) are used
for diagnosis and progression of VICC. However, the dynamic
changes of clotting factors and active clot formation are not
always captured with traditional lab studies.
Thromboelastography (TEG) is a valuable tool to track active clot
formation from whole blood, allowing real-time evaluation of
response to antivenom administration in an vivo state. Many com-
ponents contribute to clot formation; abnormality in the alpha
angle (a marker of real-time fibrin cross linking) on TEG reflects
changes in fibrinogen activity. We present a case where TEG com-
ponents were successfully used to monitor for antivenom efficacy.
Case report: A 26-year-old male presented following envenom-
ation with self-identified Crotalus horridus horridus (timber rattle-
snake). This was the patient’s second snakebite in 6 months. His
previous envenomation was with a Sistrurus miliarius (pygmy
rattlesnake), treated with crotalidae polyvalent fab [ovine] (FabO).
On physical examination, the patient had two puncture marks on
the left index finger with associated swelling extending to the
elbow. Ancillary studies revealed an undetectable fibrinogen and
severely elevated INR of 12. A TEG drawn upon patient arrival
demonstrated a flatline with indeterminate alpha angle, K times,
max amplitude (MA), and LY 30 confirming severe VICC. Four
vials of FabO were administered at 4.75 hours after envenom-
ation without improvement of either coagulation lab values or
TEG variables obtained an hour after antivenom administration.
A second bolus of 6 vials of FabO was administered 3.5 hours
after the first bolus. An hour after the second bolus, the TEG had
a detectable alpha angle of 21�, MA of 18mm, an indeterminant
K time, R of 9min, and Ly30 of 14%; fibrinogen remained
undetectable, and the INR was 2.26. Maintenance dosing of FabO
was initiated based on a detectable alpha angle. Detectable
fibrinogen [66mg/dL; normal range 220–498mg/dL] lagged
19hours post-envenomation. At 28hours post-envenomation, the
fibrinogen further improved to 120mg/dl and the INR was 1.22.
The patient required a total of 16 vials of FabO and was dis-
charged home on day 2 of hospitalization.
Discussion: The utilization of thromboelastograms for monitor-
ing and anticipating coagulopathy trends has been previously
documented for Crotalinae (pit viper) envenomation. Our patient
had severe VICC with undetectable fibrinogen and indeterminate
TEG values, with resolution following multiple doses of anti-
venom. A detectable alpha angle on TEG, prior to a detectable
plasma fibrinogen concentration, allowed for a quicker transition
to maintenance FabO dosing. Similarly, other reported cases sug-
gest TEGs demonstrate dynamic changes in clotting function ear-
lier than traditional laboratory studies allowing improved
antivenom therapy guidance.
Conclusions: TEGs may offer better real time monitoring of
response to antivenom in cases of severe VICC although further
study is required.
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237. Malayan pit viper envenomation
successfully treated with western anti-
venin

Margaret Thompsona, Andrew Lentinib and
Rick Vosb
aOntario Poison Centre; bThe Toronto Zoo

Background: We report a single case of an envenomation by a
Malayan pit viper. The patient had been treated in Thailand at a
local facility. Upon her return home, presented with recrudes-
cence of pain at the site and a new petechial rash. As the most
appropriate antivenin was not available locally, she was treated
with the AntivipmynV

R

Equine Bioclon, a biFAB product, stocked
in local hospitals for treatment of the local crotalid bites. She
made a complete recovery.
Case report: While visiting a beach in Thailand, a 26 year female
was bitten on her foot by a snake, identified by local experts as
being a Malaysian Pit Viper. At a rural clinic, she had local pain,
bruising and swelling. Coagulation markers were abnormal at
6 hours so she was transferred to a larger facility where she
received 2 vials of Malayan Pit Viper Antivenin, Queen Saovabha
Memorial Institute, separated by 10hours for resolution of her
clotting time. She also received tetanus toxoid, analgesia and
antibiotics. She returned to her home and presented to hospital
with recurrent pain, bruising to the sole of her affected foot and
a new petechial rash on her affected leg. Coagulation parameters
were somewhat consistent with disseminated intravascular
coagulation with an INR > 10, pTT 87, D-dimer > 20 microgr/mL,
fibrinogen < 0.15. She was not anemic. Her platelets were not
decreased in number. A clotting time was not performed. The
AntiVenom Index suggested that the most appropriate antivenin
was that which she had received in Thailand. The product was
not easily available. Timing to delivery would have been days.
The consulting hematologist had determined that the patient
should otherwise have blood products and factors because of
her high risk of spontaneous bleeding. As AntivipmynV

R

is used in
our jurisdiction for our local venomous Crotalid, the massasauga,
it was decided to treat this patient with this product. Known to
cause significant, protracted coagulopathy, it was reasoned that
the cross reactivity of AntivipmynV

R

could be effective against
similar components of the Malayan pit viper venom. The patient
was treated with her first vial of AntivipmynV

R

at 2000. Over the
subsequent hour, she received the total loading dose of 6 vials.
Within 2 hours, her INR fell to 5.3 (from > 10) and over the
course of 10 hours it fell to 1.9. Platelets and hemoglobin
remained stable for the duration of her hospitalization. She was
kept in hospital for a total of 4 days with daily repeat testing. No
further dosing was required.
Conclusions: In conclusion, although AntivipmynV

R

is not specific-
ally made against the venom of the Malayan pit viper, the viper
is a crotalid with envenomation symptoms comparable to that of
North American and Central American crotalids. Use of available
AntivipmynV

R

led to complete resolution of coagulation abnormal-
ities in a patient at risk of significant bleeding following her
exotic snake envenomation. Local antivenin might be considered
in similar cases in the future.

KEYWORDS Exotic snake envenomation; Antivipmyn
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238. All warmed up and ready to bite:
a survey of temperature variability
and northern Pacific rattlesnake bites
in Central California

Matthew Lippi, Patil Armenian, Danielle Campagne
and Nikhil Ranadive
UCSF-Fresno

Background: Rattlesnake bites are a rare but sometimes life-
threatening reason for ambulance transport to a hospital.
Ecologic studies have shown a preference in Pacific rattlesnakes
for temperatures between 26.4 - 32.3�Celsius (C) and have pos-
ited that with climate change there may be an increase in rattle-
snake activity which may in turn lead to an increase in
rattlesnake bites. While some large database and national registry
studies have examined whether weather variables are associated
with bites, no studies to date have specifically examined the fre-
quency of bites within this ambient temperature range.
Methods: This is a retrospective review of all ambulance trans-
ports under the “snake bite protocol” from a single emergency
medical services (EMS) company that serves as the primary pro-
vider for four counties in the Central Valley of California from 1
January 2017 to 1 January 2023. The EMS service area incorpo-
rates 15,000 square miles with a mix of grasslands, chaparral,
and forest, and over 1 million inhabitants. The Northern Pacific
rattlesnake (Crotalus oreganus oreganus), a subspecies of the
Western rattlesnake, is the primary snake responsible for enveno-
mations in the study area. The zip code of the transport and
general demographic data were extracted from the prehospital
patient chart. The zip code was then used to query the Weather
Underground’s publicly available database for maximum and
average daily temperatures on the date and location that the
transport originated. Summary statistics were calculated using R
(Comprehensive R Archive Network (CRAN)).
Results: 48 EMS transports using the snake bite protocol
occurred during the 6-year study period. The number of trans-
ports per year range from 3 in 2018 and 2022 to 12 in 2021.
Transports originated from 27 zip codes. One transport was
excluded because the narrative history identified the bite as
being from a pet snake as opposed to a presumably wild snake.
Patients’ average age was 38.8 (range 1–84 years old), and 78%
were male. The average maximum temperature was 31.5 �C, and
the average daily temperature was 23.8 C on the date the bite
occurred. 41/47 (87.2%) transports occurred when either the
average daytime temperature or the maximum temperature was
between 26.4 and 32.3 �C.
Conclusions: In this study, bites tended to occur when ambient
temperatures were within the Northern Pacific rattlesnakes’ pre-
ferred temperature range, which may occur with increasing fre-
quency with climate change. However, this study is limited by
the granularity of the available temperature data. The difference
in the number of transports per year may be due to a variety of
factors including changes in human preferences for outdoor
activities and areas of recreation, expansion of human develop-
ment into previously uninhabited areas, increased snake activity
due to variability in weather from year to year, longer term
changes in climate or some combination of these factors. Future
studies are needed to further examine the role of ambient tem-
perature in the incidence of snake bites.

KEYWORDS Snake bite; climate change
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239. Opioid resistant pain in a Texas
coral snake (Micrurus tener)
envenomation

Daniel Rivera, Kyle Howarth and Amy Young
UTSW

Background: The Texas Coral Snake, Micrurus tener, is a venom-
ous snake found in southeast Texas. Envenomations are rare and
characterized by severe pain with minimal swelling. Prior litera-
ture has shown most patients do well with intravenous pain con-
trol, do not develop respiratory failure, and do not need
antivenom. We present a case of photo confirmed envenomation
with severe pain refractory to opioids requiring antivenom
administration with no apparent effect.
Case report: This is a single case report. A 20-year-old female
encountered a Micrurus tener snake in a park. The snake was
picked up by her and then bit her left hand twice. The patient
presented to our ED in severe pain with paresthesias radiating
up the extremity. The patient had a photo of the snake, and it
was confirmed by toxicology to be Micrurus tener. During the
initial 24 hours of admission she received opioids, a hydromor-
phone pump, one dose of ketamine, and benzodiazepines. Only
ketamine was reported to improve her pain, and it was not
continued in the ICU. After high doses of opioids she continued
to have refractory pain, paresthesias, and then developed sub-
jective difficulty breathing. She was administered six vials of
Costa Rican coral snake antivenom from the local zoo. Four of
these vials were expired, and two were new. She tolerated this
well, yet her pain remained severe until 36 hours into admis-
sion. She did not have any further progression of her respira-
tory symptoms. She slowly improved and was discharged on
hospital day three, however did continue to have paresthesias.
On her four week follow up in our clinic she had paresthesias
that were still present but much reduced in severity. She had
difficulty with the dexterity of her left hand which unfortunately
required her to leave her job.
Discussion: Our patient’s pain did not improve with anything
except ketamine, which was not continued in the ICU. The effect
of the antivenom was also largely felt to be minimal for her pain,
however her subjective respiratory symptoms did not worsen.
Her symptoms remained for weeks after discharge and were
quite debilitating. Residual disability and symptoms have been
noted in prior literature.
Conclusions: Micrurus tener envenomations are rare bites that
primarily cause pain and paresthesias that can be opioid refrac-
tory in which case ketamine, antivenom, and alternative regi-
mens may be considered.

KEYWORDS Envenomation; Texas coral snake; paresthesias
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240. African rhinoceros horned viper
envenomation

Mason Jacksona and Erik Fisherb
aPrisma Health Upstate; bAtrium Health-Carolinas Medical Center

Background: The African Rhinoceros Horned Viper (Bitis nasicor-
nis) is a potentially lethal snake endemic to the wetlands of cen-
tral and west Africa. This venom has the potential for
cardiovascular, renal, soft tissue, pulmonary and hematotoxic
effects. African Rhinoceros Horned Viper bites are an exceedingly
rare occurrence in North America. We present a rare pediatric
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envenomation of the African Rhinoceros Horned Viper in the
southeast US requiring antivenom.
Case report: A 15-year-old male patient presented to the emer-
gency department (ED) after being bitten on the index finger by
Bitis nasicornis while working at a local animal rescue facility. Patient
was found to be tachycardic on arrival with no evidence of hemato-
toxicity, or rhabdomyolysis. Inoserp PANAFRICA antivenom was
secured however weather delayed patient transport to the closest
facility to the antivenom and numerous agencies declined to trans-
port the antivenom to the patient. A local zoo was able to produce
SAIMR Polyvalent Antivenom and arrange for police transportation
of the antidote to the patient. Twelve hours after being bitten, the
patient received his initial dose of antivenom. After a total of six
vials of antivenom he was discharged home, only sustaining local
tissue injury/hemorrhagic blebs. Follow up visits show resolution of
the soft tissues injury and return of normal function.
Discussion: Exotic snake envenomation represents an ever-present
minority of snake envenomation reported to public health monitor-
ing groups such as local poison control and National Poison Data
System (NPDS). This patient represents a unique data point as most
snake envenomations, including exotic snakes, occur in patients with
a mean age of 33–35 years old and are rare, with around 37 cases
reported yearly. Analysis of these rare toxicologic events is important
to improve the care delivered to this small group of patients.
Although there is a ACMT position statement regarding best practi-
ces of facilities who house poisonous snakes, there is minimal litera-
ture regarding how exotic antivenom can be made available to
patients, especially in developed countries, and no formal transporta-
tion process exists for many poison centers. This lack of protocol
can lead to treatment delays as seen in this patient. Some literature
supports antivenom transport and administration by prehospital
teams including ground and helicopter-based ambulance services.
Conclusions: Exotic antivenom transportation represents a
potential pitfall in the treatment of the acutely envenomated
patient. Fortunately, this patient suffered minimal toxicity in the
spectrum of possible disease, however, the delay in receiving
antivenom of twelve hours could have led to a deleterious health
outcome. Continued stocking and up to date registry of rare
snake antivenom was key to the success of this patient during
index and subsequent visits. Formal protocols should be devel-
oped between antivenom registry participants, poison center and
hospitals regarding transportation of critical antidotes to appro-
priate patients similar to the ACMT position statement regarding
institutions housing venomous animals.
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241. Delayed Micrurus tener
envenomation treated with Costa
Rican, anti-coral snake ICP antivenom

Garret Winklera, Nathan Friedmanb, Nistha Sharmaa

and Justin Seltzerb
aUniversity of Texas Health Science Center Houston; bUniversity of
California San Diego

Background: North American coral snakes are found throughout
eleven southeastern states in the United States. Clinically significant
elapid envenomations occur with the Eastern coral snake, Micrurus
fulvius, and the Texas coral snake, Micrurus tener. Coral snake
venom contains a-neurotoxins that competitively bind and block
postsynaptic acetylcholine receptors leading to weakness and par-
alysis. Currently the only FDA-approved antivenom (AV) is Micrurus
fulvius-derived equine IgG (Pfizer/Wyeth, Philadelphia, PA). This
antivenom is largely unavailable as production ceased in 2006.
Coralmyn (Bioclon Institute) is equine F(ab')2 derived from Micrurus

nigrocinctus nigrocinctus and has been used in the absence of avail-
able IgG antivenom. Currently, both products are difficult to pro-
cure even with local zoo assistance. Here we report a case of a
Micrurus tener envenomation that was successfully treated with
expired IgG anti-elapid AV (Micrurus nigrocintus, Micrurus d. carini-
caudas, Micrurus fulvius) from the Instituto Clodomiro Picado (ICP).
Case report: A 39-year-old man with a history of hypertension and
type-II diabetes was transferred to our referral facility due to concern
for coral snake envenomation with resulting neurotoxicity. The
patient was bitten 14hours prior on his face while sleeping under
an underpass. Vital signs were heart rate 62 beats per minute, blood
pressure 146/85mmHg, respirations 35 per minute, oxygen satur-
ation 95% on 2L nasal cannula, temperature 97.7 �F. Exam on arrival
was no for slurred speech, ptosis, 3þ/5 strength in all extremities.
NIF was �60cm H2O. Labs were no for leukocytosis to 12.3 K/uL,
otherwise unremarkable. The local zoo was contacted to obtain anti-
venom. Neither the Pfizer nor Coralmyn AV were available. ICP anti-
coral snake AV (expired June 2018) was recommended. Nineteen
hours after envenomation repeat exam showed 2-/5 strength in the
bilateral upper extremities, with NIF �12cm H2O. The patient was
endotracheally intubated for impending respiratory failure Twenty
hours after envenomation he was administered 3 vials of AV after
being pretreated with diphenhydramine and famotidine and passing
the serum skin test. The patient was extubated the following morn-
ing to high-flow nasal cannula. Physical exam on hospital day 2 was
no for completely resolved weakness. The patient was discharged
on hospital day 6 and lost to follow-up.
Conclusions: FDA-approved elapid AV is unavailable in the United
States, as is the alternative Bioclon. Clinicians may turn to non-FDA
approved AV due to the lack of available options. Micrurus tener
was previously considered a subspecies of Micrurus fulvius, which
supports the use of the ICP AV. There is currently no literature sup-
porting the use of anti-elapid ICP AV in the treatment of Micrurus
tener. In this case, three of the recommended ten vials were used
with symptomatic resolution the following day. Further research is
required to investigate the efficacy of anti-elapid ICP AV for
Micrurus tener envenomations. Also, the need for an available FDA-
approved elapid AV should be further explored.
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242. Hand compartment pressures
decrease after Crotalidae polyvalent
immune fab in suspected timber
rattlesnake (Crotalus horridus)
envenomation

Alexander Lazar, Frank Dicker, Michael Semple,
Kevin Baumgartner and David Liss
Washington University in St Louis

Background: The North American pit vipers (crotalinae; rattle-
snakes, copperheads, and cottonmouths) have venom with cyto-
toxic and proteolytic enzymes that often result in profound local
tissue destruction. Current guidelines recommend administration
of antivenin as first-line management. Fasciotomy for snakebite is
controversial and is indicated in other traumatic causes of com-
partment pressures above 30mmHg, but carries risks of scarring,
infection, contractures, and amputation.
Case report: A 40-year-old male presented to a regional hospital
one hour after sustaining a snakebite. While clearing brush from his
yard he heard a rattle and was bitten on the right index finger. He
had considerable knowledge as a snake breeder. He identified the
assailant as a timber rattlesnake (Crotalus horridus) based on color
and banding. Examination revealed puncture wounds to the volar
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and dorsal surfaces of right index finger and significant swelling
extending to his mid forearm. Initial bloodwork including hemoglo-
bin (15.2g/dL), platelet count (250 K/cumm), PT/INR (11.2 sec/1.0),
fibrinogen (342mg/dL), and D-dimer (456ng/mL) were within refer-
ence limits. The patient required transfer to a tertiary center due to
unavailability of antivenin at originating site.The toxicology service
evaluated this patient 3.5hours following envenomation. He
received six vials of crotalidae polyvalent immune fab (CroFabV

R

)
4hours post-envenomation and was admitted for serial evaluation
and pain control. Admitting physicians prescribed hydromorphone
patient-controlled analgesia. The orthopedics service was consulted
for concerns of hand/forearm compartment syndrome and recom-
mended continued non-operative medical care. Orthopedics re-
evaluation raised concern for compartment syndrome based on
clinical exam. Emergent fasciotomy was scheduled however, our
toxicology service recommended assessment of hand compartment
pressures with a StrykerV

R

intracompartmental gauge. Thenar,
hypothenar, and dorsum compartment pressures measured 30, 30,
and 16mmHg, respectively. A second 6-vial dose of antivenin was
given immediately after pressure measurement. Reassessment of
thenar and hypothenar compartment pressures two hours later
revealed a decrease to 27 and 12mmHg, respectively. Fasciotomy
was not performed and he received maintenance antivenin with
two vials every six hours for three doses. His pain and exam
improved overnight and he was transitioned to oral pain medica-
tions. He did not develop thrombocytopenia or coagulopathy and
was discharged home at 40hours post-envenomation. The patient
provided written consent for this case report.
Discussion: Current management of crotalid snakebite focuses
on antivenin administration and supportive care. If concern for
compartment syndrome exists, compartment pressures should be
quantitatively assessed prior to surgical intervention. We report a
patient who sustained a suspected timber rattlesnake envenom-
ation with hand compartment pressures borderline for compart-
ment syndrome. Compartment pressures were evaluated before
and after the second dose (6-vials) of antivenin with a reduction
in pressure observed. A total of 18 vials of antivenin were admin-
istered and fasciotomy was not performed.
Conclusions: Antivenin is first line therapy in crotalid envenom-
ation. Incidence of compartment syndrome from crotalid
envenomation is rare and compartment pressures should be
assessed prior to surgical intervention. Antivenin may obviate the
need for fasciotomy despite initial compartment pressure meet-
ing surgical indication.
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243. Adverse events of F(ab')2AV and
FabAV use for rattlesnake
envenomations: a three-year
retrospective poison center study

Justin Seltzera, Garret Winklerb, Nathan Friedmana,
Jeremy Hardina, Henrik Galusta, Timothy Albertsonc,
Rais Vohrad, Craig Smolline, Richard Clarkf and
Daniel Lasoffa
aUC San Diego; bUT Health Houston; cUniversity of California,
Davis, CA, USA; dCalifornia Poison Control System-Fresno Madera
Division/UCSF Fresno; eCalifornia Poison Control-San Francisco
Division/University of California San Francisco; fCalifornia Poison
Control-San Diego Division/UC San Diego

Background: Thousands of Crotalid envenomations occur in the
United States annually, roughly 25% of which are due to rattle-
snakes. Two antivenoms are available: Crotalidae-polyvalent ovine

immune FabAV (CroFabV
R

) and Crotalidae equine immune
F(ab')2AV (ANAVIPV

R

). Though the two have been compared in
clinical trials, few real-world comparisons are available.
Methods: This is a retrospective study of rattlesnake envenoma-
tions referred to a single-state Poison Control system between
October 2018 and August 2022. All patients treated with either anti-
venom were included; patients treated with both antivenoms were
excluded. Demographics, clinical presentation, antivenom use, and
acute adverse event (AE) data were collected by chart review. AEs
were defined as “minor” if one organ system was affected without
hemodynamic instability or involvement of a potentially dangerous
anatomic location and were defined as “serious” if multiple organ
systems were affected, hemodynamic instability occurred, and/or a
potentially dangerous location was involved.
Results: In total, 481 patients were included: 360 received FabAV
and 121 received F(ab')2AV. Median age was 47 years and 46
years, respectively. Both groups were approximately 25% female.
The most common finding in both groups was localized swelling.
Neurotoxic symptoms were reported in approximately 25% of
each group, predominately sensory changes (numbness, tingling,
paresthesia). Venom anaphylaxis occurred in one case. The
FabAV group received a median six vials (n ¼ 354, IQR: 6–12
vials). The F(ab')2AV group received a median of 10 vials (n ¼

360, IQR: 10–20 vials).Following antivenom administration, 27
individual AEs were reported in 18 FabAV patients and three
were reported in three F(ab')2AV patients. The most common
minor AE was rash/urticaria, which occurred in two FabAV and
two F(ab')2AV patients. Two FabAV patients developed itching
without rash. All were treated with antihistamines, with or with-
out corticosteroids. Other minor AEs in the FabAV group include
nausea/vomiting (one), tinging (one), and facial flushing (one).
One F(ab')2AV patient developed tingling. Serious AEs were
reported in five FabAV patients: one developed urticaria, wheez-
ing, throat swelling, and tachycardia, one developed hypoten-
sion, tachycardia, acute rash, shortness of breath, new hypoxia,
and vomiting, one developed hypotension and bradycardia, and
two developed “anaphylaxis” without further clarification. All
were treated with antihistamines, steroids, and/or epinephrine.
The F(ab')2AV group had no reported serious AEs.
Conclusions: AEs were more frequently reported in the FabAV
group compared with the F(ab')2AV group for unclear reasons. One
potential explanation is that immunoglobulin G cleavage with
papain to form FabAV also produces free intact Fc regions,
whereas pepsin cleavage to form F(ab')2AV does not. Intact Fc
regions not removed by subsequent purification processes would
remain immunogenic. Other considerations include underreporting
and documentation errors. Our findings are tempered by the inher-
ent limitations present in retrospective Poison Center data and are
limited by absent data regarding delayed AEs, such as serum sick-
ness. Either treatment can be considered for rattlesnake envenom-
ation, with attention to potential adverse events.
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244. First presentation of a non-
indigenous bite by Sistrurus miliarius
(Pygmy rattlesnake) treated with
ANAVIP in Arizona

Adiel Aizenberg, Michael Ori, Farshad M Shirazi and
Jessica Mo
Arizona Poison and Drug Information Center

Case report: A 60-year-old male was changing out a water bowl
when he was bitten on the right fourth finger by a captive
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Pygmy rattlesnake. At presentation to the health care facility
there was already notable swelling in the hand with significant
pain reported by the patient. There were no initial lab abnormal-
ities. This was the patient’s third snake bite, having been treated
with Wyeth several decades prior (and developing serum sickness
two weeks out) and later on receiving CrofabV

R

(with no adverse
reaction) in prior events. The decision was made to treat the
patient with AnavipV

R

due to the degree of swelling which had
progressed into the forearm within two hours of presentation.
On day 2 the patient’s swelling and induration in the affected
extremity were noted to have worsened, so an additional 10 vials
of AnavipV

R

were administered. It was also noted on day 2 that
the patient’s creatinine kinase level was rising. On presentation it
was 92 and by day two have risen to over 1000. The patient was
given fluids for the CK elevation and there was a downtrend by
day 3. The patient was subsequently discharged and recovered
fully with only minimal sensory deficits (numbness in the affected
digit) on follow up several weeks later.
Discussion: This case illustrates the clinical progression of a bite
from an infrequently encountered species of rattlesnake in a
state where the snake is not native; Sistrurus miliarius. It is also
the first reported instance of such a bite being treated with
AnavipV

R

(Fab2 Antivenom), and to good effect.
Conclusions: Fab2 antivenom is a newer and increasingly used
antivenom that is only recently indicated for all North American
vipers. This case illustrates its successful use in a rare situation. The
case also illustrates the clinical progression and outcome of an
infrequently encountered species of rattlesnake. The case will
include lab work, clinically relevant details and anonymized
pictures.
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245. Two cases of hypersensitivity
reactions due to North American pit
viper antivenom administration with
confirmed elevation of galactose-
alpha-1,3-galactose (alpha-Gal) IgE

Lindsey Claire Epperson, William Banner,
Eszter Moore and Kristie Edelen
Oklahoma Center for Poison & Drug Information

Background: We present two cases of galactose-alpha-1,3-galact-
ose (alpha-gal) allergy discovered in patients with hypersensitivity
reactions to antivenom during treatment of North American pit
viper envenomation, one involving Crotalidae Immune Polyvalent
(FabAV), and the other Crotalidae Immune F(ab’)2 (Fab2AV). Both
cases were confirmed with alpha-gal IgE concentrations.
Case series: Case 1: A 2-year-old female was bitten on the finger
by an unidentified snake. Swelling progressed up the forearm.
Six vials of FabAV were administered. During infusion she devel-
oped facial edema, urticaria, and significant wheezing. FabAV
was promptly discontinued. Methylprednisolone, intramuscular
epinephrine and diphenhydramine were administered. She was
transferred to a pediatric intensive care unit due to the severity
of her reaction. FabAV was not reinitiated. She did not require
additional antivenom or develop coagulopathy. She was dis-
charged on day four. Alpha-gal IgE concentration was 13.7 kU/L
(reference < ¼ 0.09 kU/L). Case 2: A 47-year-old male was bitten
twice on his toe by an unidentified rattlesnake. He initially reported
blurred vision which later resolved. Swelling progressed to his right
calf. Ten vials of Fab2AV were administered. After completion, he
developed pruritus, diffuse urticarial rash, facial edema, throat itch-
ing and dysphagia. Symptoms gradually resolved with intravenous

methylprednisolone, diphenhydramine and famotidine. He did not
require additional antivenom. He was discharged on day four.
Alpha-gal IgE concentration was 38.8 kU/L.
Discussion: Alpha-gal has been implicated in anaphylactic reac-
tions to non-primate mammalian food products, heparin, porcine
valve replacements, and monoclonal antibodies such as cetuxi-
mab. Evidence of mammalian oligosaccharide galactose-alpha-
1,3-galactose has been previously established in both FabAV and
Fab2AV products, with the relative amount three times higher in
Fab2AV. Alpha-gal allergy is attributed to antigen transfer of sal-
iva from the Lone Star tick to human hosts. Lone Star ticks are
found in the southeastern United States (US), ranging from
Oklahoma to North Carolina, with cases reported as far north as
Minnesota. Incidence of sensitization is reported to be 15–30% in
Lone Star tick-endemic areas in the US, with the number of con-
firmed alpha-gal cases increasing from 12 in 2009 to 34,000 in
2019. Alpha-gal IgE levels of 3.51–17.50 kU/L are considered
high, and > 17.51 very high. Mild anaphylactoid reactions to
antivenom occur at a low rate. It will be important to further
define prevalence of severe hypersensitivity reactions given the
increasing frequency of alpha-gal allergies in the southeastern
US. We suggest: seeking a history of meat allergy prior to anti-
venom administration in Lone Star tick-endemic areas, or from
individuals who have lived in these areas. Maintaining caution
during antivenom administration and preparedness for serious
adverse reactions. Testing patients with severe reactions for
alpha-gal IgE and counsel accordingly regarding possible future
reactions to mammalian products.
Conclusions: Greater availability of rapid alpha-gal IgE testing
should be undertaken for Lone Star tick-endemic areas. Future
research should focus on possible product improvement. Risk
factors should be identified as to whether absolute alpha-gal
concentrations in antivenom are associated with more severe
reactions, or whether choice of antibody production species
impacts severity or incidence of hypersensitivity reactions.
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246. Real world delays in antivenom
administration: patient, snake or
hospital factors (ASP-33)

Geoff Isbistera, Shane Jenkinsb, Angela Chiewc,
Nicholas Buckleyd, Simon Browne, Jessamine
Soderstromf and Katherine Isoardig
aDepartment of Clinical Toxicology, Calvary Mater Newcastle,
Australia; bClinical Toxicology Research Group, University of
Newcastle, Australia; cDepartment of Clinical Toxicology, Prince of
Wales Hospital, Australia; dFaculty of Medicine and Health,
University of Sydney, Australia; eAeromedical and Retrieval
Medicine, Ambulance Tasmania, Australia; fEmergency
Department, Royal Perth Hospital, Australia; gClinical Toxicology
Unit, Princess Alexandra Hospital, Australia

Background: Effective treatment for snake envenomation
requires early administration of safe and efficacious antivenom.
Delays in antivenom administration are a significant impediment
to effective treatment. We investigated the delays in antivenom
administration.
Methods: We reviewed all cases of snakebite from the Australian
Snakebite Project (ASP: July 2005–June 2020) and extracted
demographic information, snake type and clinical syndromes. We
compared the duration from bite to hospital presentation, hos-
pital transfer (if required), blood tests and antivenom.
Results: There were 2170 patients who presented with a sus-
pected or confirmed snakebite, median age 39y (Interquartile
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range [IQR]: 23–55y); 1570 (72%) males. A pressure bandage with
immobilisation was applied in 1785 (82.2%). 429 patients (19%)
were transferred to another hospital. Of the 2183, 1240 (57%)
were systemically envenomed and 1099 (50.6%) received anti-
venom. 345 of the 1099 (31%) patients receiving antivenom were
envenomed by brown snakes (Pseudonaja spp.) and 304 (27%) by
tiger snakes (Notechis spp.) or rough-scaled snakes (Tropidechis
carinatus), 72 (6.3%) by red-bellied black snakes (Pseudechis por-
phyriacus), 52 (4.6%) by taipans (Oxyuranus spp.) and unknown in
246 (22%). The median time to hospital presentation was 67min
(IQR: 35–120min), to first blood tests was 92min (IQR:
57–160min) and to antivenom was 237min (IQR: 152–355min).
This equates to a median delay in blood tests of 20min (IQR:
10–40min) and a median delay to antivenom of 140min (IQR:
76–234min). 429 patients were transferred to another hospital, a
median time of 262min (IQR: 159–420min) after arriving at the
first. The time to antivenom in the 429 was similar to those not
transferred, a median 240min (IQR: 140–368min). However, the
time to antivenom was significantly shorter for patients given
antivenom prior to transfer, median 195min (IQR: 106–270min),
compared to those given antivenom after transfer, median
348min (IQR: 250–511min; P < 0.0001). The time to antivenom
did not differ between major snake types (Kruskal-Wallis P ¼

0.092), except taipan was median 3h (1h50 – 6h15).
Conclusions: There was a significant delay to patients receiving
antivenom in hospital of almost 3h on average from arrival, despite
arriving on average just over 1h post-bite. Patients in remote loca-
tions requiring transfer received antivenom on average in a similar
time; remarkably it was earlier if administered prior to transfer,
highlighting the possible benefits of pragmatic clinical decision
making rather than routinely waiting for laboratory results.
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247. Sneaky snakebites: an overview
of reported unusual clinical effects
and adverse reactions to treatment
with antivenom following crotalid
envenomation

Eszter Moore, Kristie Edelen, Claire Epperson and
William Banner
Oklahoma Center for Poison & Drug Information

Background: Domestic crotalid envenomation can result in
edema, pain, erythema, ecchymosis, hematotoxicity including coa-
gulopathy, thrombocytopenia, and hypofibrinogenemia, and neuro-
toxicity. The following species of crotalids are found in our state:
Agkistrodon contortrix (copperheads), Agkistrodon piscivorous (cot-
tonmouths), Crotalus atrox (western diamondback rattlesnakes),
Crotalus horridus (timber rattlesnakes), Crotalus viridis (prairie rattle-
snakes), Sistrurus miliarius streckeri (western pygmy rattlesnakes),
and Sistrurus catenatus tergeminus (western massasauga rattle-
snake). While neurotoxic effects are generally not expected except
in our timber rattlesnakes, the other clinical effects associated with
crotalids are well documented. Unusual systemic effects to venom
and adverse drug reactions (ADRs) to the two available antivenoms
in the United States, Crotalidae Immune Polyvalent Fab (FabAV;
commercially known as CroFabV

R

) and Crotalidae Immune F(ab’)2
(Fab2AV; commercially known as ANAVIPV

R

), have been observed.
Here, we report on the frequency of unusual clinical effects and
ADRs to antivenom following crotalid envenomation reported to
our poison center over a two-year period.
Case series: Five hundred and twenty-seven (527) cases of cro-
talid envenomation were reported to our poison center between

May 2021 and May 2023. By species, there were 219 copperhead
bites, 29 cottonmouth bites, 4 western diamondback rattlesnake
bites, 4 timber rattlesnake bites, 2 prairie rattlesnake bites, 68 west-
ern pygmy rattlesnake bites, and 201 unknown crotalid bites. Of
these cases, 57 were documented as “Unable to follow – judged
as potentially toxic.” The most frequent unusual clinical effects
reported were nausea (76/527 ¼ 14.4%), vomiting (39/527 ¼ 7.4%),
thrombocytopenia (31/527 ¼ 5.9%), and numbness (15/527 ¼

2.8%). Thrombocytopenia was particularly observed following
pygmy rattlesnake envenomation (12/68 ¼ 17.6%). Other clinical
effects included abdominal pain (5 cases), diarrhea (6 cases), dia-
phoresis (9 cases), peripheral neuropathy coded for tingling (8
cases), paresthesia (2 cases), headache (4 cases), dizziness (2 cases),
chest pain (4 cases), hypotension (8 cases), bradycardia (2 cases),
rhabdomyolysis (2 cases), and blurred vision (2 cases). There were
38 reported cases of ADRs to antivenom – 23 patients received
CroFabV

R

, 13 patients received ANAVIPV
R

, and 2 patients received
and experienced ADRs to both antivenoms. Most common ADRs
were hives (18/38 ¼ 47.4%), pruritis (12/38 ¼ 31.6%), rash (8/38 ¼

21%), anaphylactoid reaction (5/38 ¼ 13.2%), oropharyngeal edema
(5/38 ¼ 13.2%), and hypotension (5/38 ¼ 13.2%). Other no ADRs
included a case of asystole, a case of bronchospasm, and reports of
chest pain, dyspnea, and respiratory depression.
Discussion: In these cases, gastrointestinal effects were the most
frequently reported of the unusual clinical effects. The ADRs to
antivenom and the antivenom administered are reported for
each case. We could not confirm the identification of the species
in a majority of these cases and documented identification as
reported by the patient.
Conclusions: Gastrointestinal, neurological, and cardiovascular
effects are relatively uncommon but important complications of
crotalid envenomation in our region. Notably, isolated thrombo-
cytopenia is associated with pygmy rattlesnake envenomation,
and ADRs to antivenom were more frequent in our state than
previously reported. Further investigation is necessary to evaluate
patient characteristics including allergies and regional issues con-
tributory to these findings.

KEYWORDS Crotalid envenomation; adverse reactions to treatment

eszter-moore@ouhsc.edu

248. Establishing a psilocybin baseline
poison center adolescent use rate

Zane Horowitza and Amber Linb
aOregon Poison Center; bDepartment of Emergency Medicine

Background: The State of Oregon voted in 2020 to legalize the
use of psilocybin for use in supervised facilitated therapy. The first
facilitators are expected to be certified in 2023. The city of Denver
in late 2019; and in 2020 the cities of Washington, D.C., Santa Cruz,
Ann Arbor, San Francisco, Oakland, Detroit, Seattle, and Cambridge,
Mass. (all university cities) have each decriminalized possession. It
is likely that other individual cities or states may follow as prelimin-
ary investigation into the benefits of psilocybin suggests some
therapeutic potential. One of the arguments often raised against
decriminalization is the impact on children. However, in no state or
city is psilocybin use under the age of 21 permissible. In order to
consider the impact on youth misuse nationally the aim of this
study is to establish a baseline of calls to poison centers prior to
the regional liberalization of adult use in 2020.
Methods: Data from the National Poison Data System (NPDS)
covering all US poison centers were obtained for the entire years
2000–2020. Calls were limited to adolescents between the ages
of 14 and 19. Calls coded as psilocybin mushrooms as the sole
substance in NPDS were analyzed.
Results: Over the 21 years, poison center calls concerning ado-
lescents between 14 and 19 years of age, involved 4377 cases
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coded as psilocybin mushrooms, with 3115 cases that coded it
as the single primary substance. (Average: 148/year) The peak
year 2004 had 264 calls, and the lowest year 2018 had 69 calls.
There was a downward trend over time after 2004, with a small
rise in calls in the last 2 years. The age with the most calls was
17-year-olds (764 calls). Call volume per month was highest in
April through August. It was lowest in January. Of single sub-
stance cases with a treatment location recorded, 64% of calls
resulted in treatment in a health care facility, with 5% admitted
to an ICU. There were 65 cases coded as major outcomes and 1
case was coded as death (19 y.o. with pre-hospital arrest/CPR eti-
ology unconfirmed). The reason of call by intention coded as sui-
cide was 1–2 %, but rose to 3% between 2017 and 2019; all
other cases were intentional misuse or abuse.
Conclusions: This study establishes the baseline incidence of
psilocybin misuse, which can be used as a comparison to ascer-
tain the impact that psilocybin legislation may have on adoles-
cent exposure after 2020. Psilocybin calls to poison centers for
adolescents are few and averaged 148 calls per year over the
two decades prior to legislative changes. Call trends were declin-
ing prior to any legislation permitting its use under regulated
conditions in adults.

KEYWORDS Psilocybin; epidemiology; NPDS

horowiza@ohsu.edu

249. Kratom cardiotoxicity: a report of
reversible brugada pattern and QTC
prolongation

Andrew Millera, Alex Krotulskib, Sara Waltonb, Anna
Dulaneya, Aaron Frolichsteinc, Haley Dusekc and
Christine Murphya
aDepartment of Emergency Medicine, Division of Toxicology,
Atrium Health Carolinas Medical Center; bCenter for Forensic
Science Research and Education, Fredric Rieders Family
Foundation; cDepartment of Emergency Medicine, Atrium Health
Carolinas Medical Center

Background: Kratom is derived from Mitragyna speciosa and
contains the active alkaloids mitragynine and 7-hydroxymitragy-
nine. These compounds bind opioid, alpha-2 adrenergic, and 5-
HT2A receptors producing stimulant and analgesic effects. In vitro
studies show kratom can inhibit myocardial potassium channels.
Cases in the literature describe an association between kratom
use and a variety of EKG abnormalities, including prolonged QT
intervals.
Case report: The patient, a 25-year-old male, was self-medicating
for anxiety and ADHD chronically with kratom. He presented to
the emergency department (ED) after experiencing witnessed
seizure-like activity. He reported ingesting kratom daily for the
past three years and his recent daily intake was approximately
84g. He vaped menthol nicotine but denied any changes to his
vaping habits or use of other recreational drugs. Thirty minutes
after his last dose of kratom, he experienced witnessed rigors
and seizure-like activity for approximately two minutes. His girl-
friend called EMS and he presented to the ED. His initial workup
revealed an EKG with a type 1 Brugada pattern, QRS of 160
msec, and QTc of 654 msec. He had mild electrolyte abnormal-
ities with a potassium of 3.2mmol/L and calcium of 8.4mg/dL,
undetectable ethanol level, and negative urine drug screen. He
received bicarbonate and was admitted to the hospital on car-
diac telemetry. During his admission, serial EKGs showed progres-
sive shortening of his QRS and QT/QTc intervals, and resolution
of the Brugada pattern. A brain MRI revealed no intracranial
abnormalities and EEG monitoring did not capture any epilepti-
form discharges. He had no structural cardiac abnormalities by

echocardiography. His only previous EKG, performed eight years
prior to this presentation, did not show a Brugada pattern or QT/
QTc prolongation. The patient’s kratom was analyzed by gas
chromatography mass spectrometry and liquid chromatography
quadrupole time-of-flight mass spectrometry. Data processing
against a large-in-house database containing more than 1,000
drugs was conducted. The sample was positive for mitragynine
and consistent with kratom products; no other drugs or analytes
of interest were identified.
Discussion: Kratom has been associated with hepatic damage,
thyroid dysfunction, seizures, memory impairment, and cardiac
conduction abnormalities. A systematic review described EKGs
performed on kratom users revealed a variety of EKG abnormal-
ities. However, only two published meeting abstracts report kra-
tom use unmasking a Brugada pattern. In both cases, no testing
of the kratom was performed to rule out contaminants. We
believe that kratom was the culprit for the patient's cardiotoxic-
ity. This conclusion is based on the patient’s negative family his-
tory of sudden cardiac death, previously unremarkable EKG, his
EKG on presentation, which normalized with kratom abstinence,
lack of significant electrolyte derangements to explain his EKG
abnormalities, and no structural abnormalities on echocardiog-
raphy. Additionally, there were no contaminants detected in the
kratom sample.
Conclusions: Kratom is an unregulated and legally sold sub-
stance that can cause neurologic and cardiac toxicity. This case
highlights kratom’s ability to cause significant cardiac conduction
abnormalities in a patient without structural anomalies or add-
itional confounding xenobiotics.
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250. Dietary supplement adverse
events reported to the center for food
safety and applied nutrition adverse
event reporting system

Kelly Hoguea and Mathias Forresterb
aNorth Texas Poison Center Dallas, Dallas, TX, USA; bIndependent
Researcher, Austin, TX, USA

Background: The United States (US) Center for Food Safety and
Applied Nutrition (CFAN) Adverse Event Reporting System (CAERS)
is a national database that contains reports of food, dietary sup-
plement, and cosmetic product adverse events and product com-
plaints submitted to the US Food and Drug Administration (FDA).
Healthcare professionals (e.g., physicians, pharmacists, nurses),
consumers (e.g., patients, family members, lawyers), and manufac-
turers submit reports to CAERS. The reports are generally volun-
tary, although manufacturers are required to send reports of
serious adverse events they receive from healthcare professionals
and consumers to the FDA. Adverse events are coded to terms in
the Medical Dictionary for Regulatory Activities (MedDRA), a vali-
dated, internationally standardized medical terminology. The
adverse events include minor to major medical events as well as
complaints about taste, color, defective packaging, and other non-
medical issues. The objective of this study was to describe dietary
supplement adverse events reported to CAERS.
Methods: Cases were adverse events with a Product code of 54
[Vit/Min/Prot/Unconv Diet (Human/Animal)] reported to CAERS
with a report created date of 2004–2021. Cases with “Exemption
4” in the Product field were excluded because it was unclear
what these cases represented. The distribution of cases was
determined for various factors.
Results: A total of 75,669 dietary supplement adverse events
were reported, representing 60.7% of the 124,617 total adverse
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events reported during 2004-2021. The annual number of reports
increased from 709 in 2004 to 8,445 in 2016 then decreased to
4,734 in 2021. The distribution by patient’s age was 658 (0.9%)
0–5 years, 364 (0.5%) 6-12 years, 976 (1.3%) 13–19 years, 4,841
(6.4%) 20–29 years, 6,974 (9.2%) 30–39 years, 7,295 (9.6%) 40–49
years, 9,379 (12.4%) 50–59 years, 10,745 (14.2%) 60–69 years,
10,150 (13.4%) 70–79 years, 7,567 (10.0%) 80þ years, and 16,720
(22.1%) unknown age; 49,728 (65.7%) of the patients were
female, 23,218 (30.7%) male, and 2,723 (3.6%) unknown sex. The
medical outcomes (a record can have more than 1) were 47,296
(62.5%) other serious or important medical event, 20,069 (26.5%)
hospitalization, 15,589 (20.6%) visited a health care provider,
12,480 (16.5%) visited emergency room, 5,813 (7.7%) other ser-
ious outcome, 5,636 (7.4%) life threatening, 5,418 (7.2%) other
outcome, 3,618 (4.8%) disability, 1,622 (2.1%) required interven-
tion, 1,267 (1.7%) death, and 112 (0.1%) congenital anomaly. The
most commonly reported MedDRA terms (a case can have more
than 1) were 7,401 (9.8%) choking, 6,362 (8.4%) nausea, 6,098
(8.1%) dyspnea, 5,578 (7.4%) diarrhea, 5,556 (7.3%) vomiting,
4,773 (6.3%) dizziness, 3,995 (5.3%) headache, and 3,807 (5.0%)
hypersensitivity.
Conclusions: Patients age 50þ years accounted for 50.0% of the
dietary supplement adverse events, and the majority of patients
were female. The most frequently reported outcome was other
serious or important medical event followed by hospitalization
and visited a health care provider. The most frequently used
MedDRA terms were choking, nausea, dyspnea, and diarrhea. A
limitation of the CAERS database is that it does not separate
dietary supplements into more specific subgroups.
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251. Oleander seeds in candlenut
weight loss product strike again

Masha Yemetsa, James Leonarda, Josh Kinga,
Sinisa Urbanb, Kyle Shannonb and Clifford Mitchellb
aMaryland Poison Center; bMaryland Department of Health

Background: Candlenuts (Aleurites moluccana) are sold online as
a weight loss agent due to their purgative effects. Candlenuts
and yellow oleander seeds (Thevetia peruviana) share similar
physical features. At least one case describes unintentional poi-
soning from mixed yellow oleander seeds and candlenuts with
subsequent toxicity and a reported fatality. We present a case of
yellow oleander poisoning secondary to consuming candlenuts
that was identified early and successfully managed with digoxin
immune fragments.
Case report: A 55-year-old female presented to the ED with
complaints of nausea, vomiting and diarrhea after ingesting 12
candlenuts labeled “Indian Nuts for Weight Loss” that were pur-
chased online. Shortly after arrival, she was given activated char-
coal and calcium gluconate for hyperkalemia (Kþ 5.9 mEq/L). She
developed bradycardia (pulse range 40–50 beats/min). A serum
digoxin concentration resulted that was above the upper limit of
quantification (> 5 ng/mL). The patient was given all 8 of the
vials of digoxin immune fragments that the hospital had avail-
able. Her heart rate improved above 60, and the potassium
decreased to 4.5 mEq/L. She experienced transient episodes of
bradycardia, nadir 39 beats/min, over the following 12hours. By
20hours after her initial presentation, she was stable for dis-
charge. On follow up 3 days after presentation, she reported
being back to baseline. The Maryland State Department of
Health analyzed samples of the candlenuts with high perform-
ance liquid chromatography coupled with high resolution time
of flight mass spectrometry (HPLC-Q-TOF-MS) and identified the

product as yellow oleander containing 1mg digitoxigenin per
gram of seed.
Discussion: Multiple case reports have described cardiotoxic
effects after the ingestion of candlenuts advertised as weight
loss supplements, suggesting the possibility of cardiac glycosides
in these products. Two cases had detectable digoxin concentra-
tions, but this was never associated with the possibility of yellow
oleander seeds packaged in the same bag. Cardiac symptoms in
these cases were attributed to the phorbol esters that raw can-
dlenuts contain. Animal models suggest that phorbol esters lead
to negative inotropic effects as well as arrhythmias, but this has
not been noted beyond animal data. One case report, in which
yellow oleander seeds were identified in the candlenut package,
described a patient who presented very similarly to ours with
stomach upset, significant bradycardia and hyperkalemia and
died prior to receiving digoxin immune fragments.
Conclusions: Yellow oleander seeds may be confused with can-
dlenuts. Inadvertent ingestion of yellow oleander seeds may
result in cardiac glycoside poisoning. Since these products con-
tinue to be readily available online, toxicologists and healthcare
professionals should be aware of the potential toxicity stemming
from “candlenuts.”
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252. Succession in the line of
pennyroyalty: a self-controlled case
series

Trent Eason
Washington Poison Center

Background: Pennyroyal, Mentha pulegium, a plant native to
North America, is historically used as an herbal folk remedy to
treat a variety of ailments, is a known abortifacient, and pos-
sesses insecticidal properties. Pennyroyal oil contains pulegone,
which is metabolized in humans to menthofuran. Menthofuran is
thought to deplete glutathione and cause hepatotoxicity. Mint
teas containing pulegone have caused inadvertent hepatotoxicity
and death.
Case report: A 39 year-old female presented to the emergency
department 25minutes after drinking 10mL of pennyroyal essen-
tial oil that she had purchased from a local essential oils shop
with the intent to end her life. She was asymptomatic, so minty-
smelling gastric fluid was suctioned. At 1.25 hours post-ingestion,
she received activated charcoal. At 2 hours post-ingestion, she
was started on a standard dose 21-hour infusion of N-acetylcys-
teine (NAC). She developed no transaminitis nor any clinical evi-
dence of toxicity. After completion of approximately 48 hours of
NAC, she remained asymptomatic and was discharged to a psy-
chiatric facility. Eight months later, the same patient again pre-
sented to the emergency department two hours after drinking
60mL of pennyroyal oil. The pennyroyal product she ingested
had been returned to her upon discharge from the inpatient psy-
chiatric facility. She was initially asymptomatic. Aspartate amino-
transferase (AST) and alanine transaminase (ALT) remained within
normal limits at 3.5 hours post-ingestion, 6.5 hours post-ingestion,
and on 2 subsequent blood draws the following day. No treat-
ment was performed during this time. By hospital day 3, the
patient developed vomiting and abdominal pain; samples col-
lected 40hours post-ingestion revealed AST 2787U/L and ALT
> 3300U/L. The patient received standard-dose 21hour infusion
of NAC followed by two additional maintenance doses of
100mg/kg infused over 16 hours, totaling 53hours of NAC. NAC
was discontinued once the AST had declined to 681; AST further
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declined to 175 before discharge. She developed no further
symptoms.
Discussion: The same patient presented with two separate self-
harm ingestions of pennyroyal oil. Notably, she was discharged
from the psychiatric facility with the very product she had used
in the initial attempt to end her life. Overdose data are relatively
limited, but indicate significant morbidity and mortality in rare
reports. The patient’s first ingestion resulted in no clinical effects.
This outcome may be attributed to early gastric decontamin-
ation, quick administration of NAC, the low volume of the prod-
uct ingested, or a combination of these factors. The second
ingestion caused significant delayed hepatotoxicity. This may be
attributed to the larger volume ingested, or the absence of any
early treatment, or both.
Conclusions: A reported ingestion of 60mL pennyroyal oil is suf-
ficient to cause significant hepatotoxicity. Gastric decontamin-
ation may be beneficial in preventing toxicity from pennyroyal
oil. NAC has an important role in treating pennyroyal oil toxicity
via repletion of glutathione. Discharging a patient with the same
product used in a self-harm attempt, without any medical neces-
sity, may increase the likelihood of re-exposure or repeat over-
dose and should be avoided.

KEYWORDS Pennyroyal; pulegone; glutathione

teason@wapc.org

253. Turmeric-associated acute liver
injury: a rarely O-curry-ing
phenomenon

Faiz Ahmed, Luke Slate, Brandon Marshall,
Alek Adkins, William Trautman and Anthony Pizon
UPMC

Background: Turmeric is increasingly being used as a supple-
ment in the United States for conditions including arthritis,
hyperlipidemia, degenerative eye conditions, and anxiety. Rarely,
turmeric has been associated with hepatotoxicity presenting as
painless jaundice, bloating, nausea, or right upper quadrant pain.
Here we report a case of a 45-year-old female who presented
with acute hepatitis in the setting of turmeric supplementation.
Case report: A 45-year-old female patient with history of chole-
cystectomy presented to the emergency department for three
days of progressive jaundice and epigastric abdominal pain,
three weeks after starting a supplement containing probiotics,
turmeric, moringa leaf, curry leaf, lecithin, and black pepper fruit
extract. Her other home medication is amphetamine/dextroam-
phetamine. She had no recent exposure to acetaminophen. On
admission to the hospital, labs were as follows: acetaminophen
undetectable, ALT 1,369U/L, AST 1,157U/L, alkaline phosphatase
224U/L, total bilirubin 6.1lmol/L with direct bilirubin of
4.1lmol/L, lipase 46U/L, INR 1.2, with normal complete blood
counts and electrolytes. Viral hepatitis panels were negative.
Autoantibody testing for autoimmune etiologies was negative.
An abdominal ultrasound revealed surgical absence of the gall-
bladder with mild common bile duct dilation to 9mm, likely
related to post-cholecystectomy changes. Magnetic resonance
cholangiopancreatography was performed and found to be
negative. The patient was treated with N-acetylcysteine (NAC) for
2 days with improvement in her liver function tests. She was dis-
charged on hospital day 9 with partial resolution of her liver dys-
function. At 50 days post-admission, the patient’s liver function
testing normalized.
Discussion: Turmeric has been used as both a food additive and
a health supplement for thousands of years and the latter is
increasingly common in the United States. While rare, a few

reports exist of turmeric causing acute liver injury which resolved
with cessation of supplementation. Several commercially avail-
able combination supplements exist which contain both curcumi-
noids (isolated from turmeric) as well as piperine (isolated from
black pepper). Piperine has been demonstrated to increase
absorption and bioavailability of curcuminoids up to 2000% in
both rats and humans. These findings are increasingly relevant as
turmeric’s popularity grows as an anti-inflammatory agent. The
use of antidotal therapies for other causes of drug-induced liver
injury, such as NAC, in the setting of turmeric-associated hepato-
toxicity requires further investigation.
Conclusions: Turmeric extract, especially in combination with
black pepper extract, appears to be associated with several
reports of acute drug-induced liver injury. Our case emphasizes
the need for further investigation into turmeric’s rare but signifi-
cant hepatotoxicity. It additionally reinforces the need for thor-
ough history-taking regarding over-the-counter supplement
usage. Further studies are required to determine the efficacy of
NAC therapy in turmeric-associated livery injury.
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254. Descriptive study of mushroom
exposures reported to state poison
center, 2003–2022

Diana Dean, Mallory Watler and Alexandra Funk
Florida Poison Information Center - Tampa

Background: Clinical mushroom exposures can be broadly char-
acterized by symptoms or by organ toxicity – loosely based on
mushroom species identification or class of mushroom ingested.
Most data to date report trends of the lethal cyclopeptide mush-
room Amanita phalloides, which causes severe liver failure and
most often attributed to misidentification of the mushroom.
Recently we have seen an increase trend in psychoactive mush-
room interest in popular press and an increase in availability of
psychoactive mushroom products available for purchase in local
dispensaries. Two main psychoactive mushrooms exist in our
region: anticholinergic delirium inducing mushrooms such as
Amanita Muscaria (due to muscimol/ibotenic acid) & psilocybin
mushrooms (LSD-like substance psilocybin). This study aimed to
characterize all mushroom exposures as a primary objective and
secondarily evaluate the trends of psychoactive mushroom expo-
sures reported to state poison center.
Methods: This is a retrospective chart review of exposures
reported to State Poison Center from 2003 to 2022. The database
was queried for “mushroom” exposures. Age, date, reason for
exposure, location of call, management site, type of mushroom
(category 1–7, unk, misc), clinical effects and medical outcome
were recorded. Medical outcome severities and categories of
mushrooms were derived from American Association of Poison
Control Centers’ coding definition. This study was IRB reviewed
and exempt by host institution.
Results: There were 3,072 exposures to mushrooms reported to
State Poison Center from 2003 to 2022. The majority of expo-
sures (2,573, 84%) were to an unknown mushroom. The age dis-
tribution of mushroom exposures follows expected patterns with
a broad range (age 0–96 years) with average age of 18.6 years
and median of 16 years; 61.7% of reported exposures were in
patients 18 years and under. One death was reported in the two-
decade time frame in 64-year-old female with unknown mush-
room exposure categorized as misuse. The trend of intentional
psychoactive mushroom exposures demonstrates an increase
from 2011 to 2022. When the exposures per year are averaged
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2011–2013 are compared to 2020–2022 average, there is a 3.3X
increase noted. Intents of this psychoactive subgroup demon-
strates proportional increases in suicide intent and abuse intent
categories. Major limitations of this study include inability to con-
firm mushroom identification or correct categorization, in add-
ition to inherent limitations of data drawn from elective
reporting to poison centers.
Conclusions: Mushroom exposures reported to Poison Centers
occur at lower frequencies than other common substances, how-
ever this State Poison Center has received increasing reports of
all mushroom exposures, especially since 2011. Most notable was
the dramatic increase in psychoactive mushroom exposures
which have increased threefold. Our findings provide valuable
insights into the patterns of mushroom poisoning, and we con-
clude toxicologists need to be aware of this growing trend.
Continued evaluation of the impacts, clinical effects, and out-
comes, of these exposures is needed.

KEYWORDS Mushroom; psychoactive; poison center
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255. From green to clean: chelation
therapy in a pediatric case of copper
chlorophyllin complex overdose

Tony Rianprakaisanga, Elizabeth Silverb and
Stephen Thorntonb
aUniversity of Kansas Medical Center; bKansas Poison Control
Center

Background: Copper chlorophyllin is a chlorophyl derivative
and widely available supplement used as a deodorizer for osto-
mies. While current literature clearly identifies other copper
compounds as toxic, little is known about the potential for
copper chlorophyllin toxicity after ingestion. We present a
20-month-old who ingested copper chlorophyllin resulting in
recurrent hypoglycemia and transaminase elevation treated with
dimercaprol.
Case report: A previously healthy 20-month-old male pre-
sented to an emergency department with obtundation after
an exploratory ingestion of an estimated 100mL of Nature's
Way Chlorofresh containing 3mg/mL copper chlorophyllin. He
was noted to have profound hypoglycemia (20mg/dL) with
bradycardia (HR 70 BPM). His family denied any diabetic medi-
cations in the house including insulin or sulfonylureas. He had
no response to naloxone but had noted improvement in men-
tal status with intravenous dextrose and his vital signs
improved to normal. Initial labs demonstrated a mild lactic
acidosis (2.7mmol/L), mildly elevated AST (52 U/L), negative
serum ethanol, and improvement of hypoglycemia (263mg/
dL). Patient was transferred to a higher level of care where he
was noted to have multiple episodes of green emesis consist-
ent with the color of the agent ingested. He became hypogly-
cemic again (55mg/dL) so a dextrose infusion and octreotide
were started. Repeat laboratory evaluation demonstrated mild
worsening of transaminases with an AST of 98 U/L, elevation in
LDH (1533 U/L) and a plasma free hemoglobin of 270mg/dL.
Salicylates, acetaminophen, methemoglobin, and a compre-
hensive urine drug GC/MS were negative. Serum copper level
was requested but was unable to be performed secondary to
machine malfunction. The patient experienced clinical
improvement in symptoms, however, repeat labs revealed sig-
nificant increase in transaminases with AST 549 U/L and ALT
259 U/L, an increased LDH 1792 U/L, and normal CK. C-peptide
testing was performed and mildly low at 0.4 ng/mL (normal
0.6-6.3). Given the ingestion and clinical signs/symptoms, cop-
per toxicity was suspected and the patient was started on

intramuscular dimercaprol 4mg/kg every 4 hours. He received
four doses, had subsequent decrease of transaminases to AST
89 and ALT 152, and was ultimately discharged in stable
condition.
Discussion: Toxicity from copper ingestions are well documented
in literature, potentially resulting in nausea, vomiting, hepatotox-
icity, and in some cases methemoglobinemia, hemolysis, and
shock. Treatment involves supportive care and chelation with d-
penicillamine or dimercaprol. This case highlights the potential
dangers of copper chlorophyllin ingestion in pediatric patients.
To our knowledge, there are no previous reports of acute copper
chlorophyllin causing toxicity in humans. While our case was lim-
ited by the inability to obtain a serum copper concentration,
symptoms and laboratory values were consistent with copper
toxicity. However, the cause for his hypoglycemia remains
unclear. Ultimately, he experienced clinical improvement with
supportive care and chelation therapy, the mainstays of treat-
ment for copper toxicity.
Conclusions: Toxicologists should be aware of the effects from
large copper chlorophyllin ingestions, including vomiting, hypo-
glycemia, and transaminase elevation. Supportive care and chela-
tion may be helpful treatments.
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256. Local nasopharyngeal toxicity
due to intranasal squirting cucumber
exposure (Ecballium elaterium)

Hung (Evan) Ho and Nima Majlesi
Northwell Health

Case report: The patient is a 31-year-old healthy female who
presented with nasal congestion, palate pain, and otalgia after
using an herbal remedy. Patient had been experiencing cold
symptoms recently, and a family member mailed her a "squirting
cucumber" from Israel. She squeezed the juice out, and dropped
around 1mL of the liquid into each nostril the evening prior. She
immediately started to have symptoms including nasal conges-
tion, persistent rhinorrhea, odynophagia, sore throat, difficulty
speaking, and had 3 episodes of mucous-appearing emesis which
prompted an ED evaluation. She denied any chronic medical
problems or allergies. Vital signs: HR 105 bpm, BP 147/66mmHg,
RR 18 bpm, SpO2 100% on room air. On examination, she was in
painful distress but non-toxic appearing. Her uvula was edema-
tous with oropharyngeal erythema. Her ear and nares appeared
normal. Her CBC and BMP were unremarkable. She was given IV
dexamethasone, diphenhydramine, and famotidine with improve-
ment of symptoms. She was observed in the toxicology unit
overnight with supportive care, and discharged in the morning
after symptomatic improvement.
Discussion: “Squirting cucumber" or Ecballium elaterium is a plant
native to the Mediterranean region which contains toxic cucurbi-
tacins, which has been used as a folk remedy for treating sinusitis.
Intranasal use of this has been associated with mucosal inflamma-
tion, necrosis, angioedema, and in one case renal and cardiac fail-
ure. Most patients report edema of pharynx, dyspnea, drooling,
dysphagia, and vomiting with full recovery with glucocorticoids
and antihistamines. Recovery occurred in a few days. There was
one case where a patient developed persistent symptoms as
above, then subsequently developed fever and oliguria on day 4,
renal failure and progressive severe dyspnea on day 5, and died of
cardiac failure on day 6. Our patient did well with supportive care,
systemic steroids, antihistamines, and H2 blockers.
Conclusions: Ecballium elaterium contains toxic cucurbitacins,
which may cause mucosal inflammation when applied in nares or
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oropharynx. Our case shows that supportive care with systemic
steroids, antihistamines, and H2 blockers may improve symptoms.
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hho2@northwell.edu

257. Heavy metal toxicity due to
Ayurvedic supplements

Jeremy Hardina, Justin Seltzera, Raymond
Suhandynatab, Benjamin Spiegelb, Robin Silverb,
Diane Thomasb, Henrik Galusta, Nathan Friedmana,
Richard Clarka and Jeremiah Momperb
aDivision of Medical Toxicology, University of California, San
Diego, CA, USA; bSkaggs School of Pharmacy and Pharmaceutical
Sciences, UC San Diego Health

Background: Ayurveda is an over 2000-year-old traditional form
of Indian medicine. Various herbs are combined with metals,
minerals, and gems to attempt to replete essential minerals in
the body. We report a case of symptomatic arsenic and lead poi-
soning due to Ayurvedic supplements. This report adds to the
growing body of literature detailing the dangers of unregulated
Ayurvedic supplements in the United States.
Case report: A 75-year-old Caucasian female with a past medical
history of postural tachycardia syndrome presented to the emer-
gency department with fatigue and decreased sensation in her
distal extremities. She was found to have diminished deep ten-
don reflexes and lack of sensation to light touch in her bilateral
distal extremities. Laboratory examination revealed pancytopenia
and she was referred for hematology and neurology for evalu-
ation. Bone marrow biopsy demonstrated erythroid dysplasia,
reticulocytosis, and small hypolobated megakaryocytes.
Electromyography demonstrated small fiber polyneuropathy with
distal degeneration of sensory greater than motor axons. Heavy
metal testing demonstrated elevated blood lead (26.4 ug/dL) and
arsenic (140.6 ug/L) concentrations as well as elevated 24-hour
urine arsenic (total 871.3 ug/L; inorganic 1683.8 ug/L, methylated
1730.4 ug/L, and organic < 5 ug/L) and lead (21.2 ug/L) concen-
trations. The patient stated that she had been prescribed
Ayurvedic supplements by a holistic energy healer for anxiety,
palpitations, and heartburn. She received her most recent batch
of supplements from India six weeks prior to developing symp-
toms. Repeat blood testing one month after supplement discon-
tinuation demonstrated resolution of her pancytopenia,
decreasing blood arsenic (13.6 ug/L) and stable blood lead (27.7
ug/dL) concentrations. Chelation was deferred in favor of close
outpatient monitoring and as of follow up at 135 days the
patient had undetectable blood arsenic concentrations and
unchanged distal extremity sensation loss.
Discussion: All ten Ayurvedic supplements being taken by the
patient were tested with inductively coupled plasma mass spec-
trometry. All tablets contained measurable heavy metals. 8/10
contained arsenic, 9/10 contained mercury, and 7/10 contained
lead. Three supplements contained heavy metal concentrations a
magnitude higher than the others (1,4,7). Daily heavy metal
doses were calculated based on the patient’s reported daily sup-
plement consumption and revealed a daily arsenic dose of
greater than 650mg/day and a mercury dose of greater than
300mg/day. Of note, supplement 1 was labelled to contain
20mg of “shuddh hartal” which translates to pure arsenic and
was composed of 16mg arsenic per tablet. The patient’s urine
speciation was consistent with the presence of inorganic arsenic,
which is significantly more toxic than the organic form com-
monly found in seafood. Her findings were consistent with both
arsenic neurotoxicity with a peripheral sensory neuropathy and
hematotoxicity with pancytopenia and erythroid dysplasia. The

rate of absorption of elemental mercury through an intact
gastrointestinal tract following oral ingestion is clinically insignifi-
cant with regards to causing systemic toxicity.
Conclusions: Clinicians should caution patients about the known
risks of ayurvedic supplement heavy metal toxicity and screen
patients routinely for use of non-pharmaceutical medications and
supplements.
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258. Pediatric ondansetron overdose
presenting with depressed level of
consciousness and convulsions

Jeremy Hardin, Justin Seltzer, Nathan Friedman,
Henrik Galust and Aaron Schneir
Division of Medical Toxicology, University of California, San Diego,
CA, USA

Background: Ondansetron is a 5-HT3 serotonin receptor antag-
onist extensively prescribed for nausea and vomiting. Acute tox-
icity of large overdoses in pediatric patients is rarely described.
Case report: A two-year-old previously healthy female presented
with decreased level of consciousness after ingesting 272mg
(20.9mg/kg) of ondansetron in the form of eight mg oral disinte-
grating tablets. Therapeutic dosing of ondansetron in children is
0.1–0.15mg/kg. 30–60minutes after ingestion the patient was
“drowsy,” with “shallow breathing,” and a “deep sounding cry”
per her parents. On emergency department arrival, vital signs
were notable only for tachycardia to 122 beats per minute.
Physical examination demonstrated decreased level of conscious-
ness, normal tone, 2þ bilateral patellar reflexes, no clonus, and
no nystagmus. Complete blood count, complete metabolic panel
including electrolytes, transaminases, and lactic acid were within
normal ranges and not repeated. Acetaminophen, salicylate, and
ethanol concentrations were undetectable. Initial electrocardio-
gram (ECG) demonstrated sinus rhythm without QRS nor QT
interval prolongation, and was unchanged eight hours later.
Soon after arrival the patient had generalized tonic-clonic convul-
sions lasting approximately two minutes. She received lorazepam
and levetiracetam intravenously and was intubated for airway
protection. On pediatric intensive care unit arrival, she had no
significant physical exam findings other than mydriasis.
Electroencephalography was unremarkable. Urine drugs of abuse
by immunoassay was positive for fentanyl, which had been
administered post-intubation. Qualitative serum testing per-
formed nine hours following ingestion via gas chromatography-
mass spectrometry with a panel of 246 analytes detected ondan-
setron and levetiracetam. She was extubated twelve hours after
ingestion, returned to baseline mental status soon after, and was
hemodynamically stable throughout her hospitalization. She was
discharged twenty-four hours after arrival without sequelae.
Discussion: Ondansetron is broadly utilized with an excellent
safety profile and wide therapeutic index. Although QTc pro-
longation is well described and the FDA has a boxed warning for
it, this effect is rarely consequential in patients without pre-exist-
ing cardiac conduction disorders. Generalized convulsions with-
out any other identifiable etiology have rarely been described
following the administration of therapeutic ondansetron. Despite
how frequently ondansetron is administered and prescribed we
are aware of only two published reports of ondansetron over-
dose involving pediatric patients, neither with qualitative or
quantitative testing performed. The first case describes a 12-
month-old that ingested 6.4mg/kg and developed depressed
level of consciousness, rash, myoclonus, convulsions, and sero-
tonin toxicity. The second described an eight-year-old who

CLINICAL TOXICOLOGY 125



ingested 1.25mg/kg and developed hypotension. Our case differs
from both previously reported toxic ingestions as our patient
ingested a significantly higher dose of ondansetron (20.9mg/kg),
had positive qualitative testing, and did not develop hypoten-
sion, a rash, hyperreflexia, or ECG changes. The primary thera-
peutic anti-emetic mechanism of ondansetron is the antagonism
of central and peripheral 5HT-3 receptors. In overdose receptor
specificity may be lost, resulting in GABA, glycine, and serotonin
antagonism resulting in neurotoxicity and convulsions.
Conclusions: Large acute pediatric ondansetron overdose is
rarely described and may result in depressed level of conscious-
ness and convulsions with rapid resolution. Further research is
necessary to determine the toxic dose in this age group.
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259. Acute withdrawal from opium-
containing Indian herbal drug Kamini
Vidrawan Ras tablets in Canada

Darla Palmer and Wesley Palatnick
University of Manitoba

Background: Kamini Vidrawan Ras (Kamini) is a traditional
Ayurvedic medicine primarily marketed to improve men’s sexual
health concerns, including erectile dysfunction, impotence, pre-
mature ejaculation, and low libido. Kamini contains opium poppy
and is also used by workers to increase alertness. There have
been several case reports and case series of Kamini abuse inter-
nationally, however we believe this to be the first reported case
in North America.
Case report: A 39-year-old male Indian immigrant truck driver
began taking Kamini tablets he purchased illegally in Canada at
a Punjabi grocery store to stay awake while driving. The patient
was introduced to Kamini in Canada by fellow Indian truck driv-
ers who used the product to sustain longer working hours.
Kamini tablets contain Papver somniferum (opium poppy) and
Piper betle (betel leaves) amongst other herbal ingredients. The
patient was unaware that Kamini contained opium and believed
it was a product similar to caffeine. He developed dependence
on Kamini and experienced opioid withdrawal symptoms with
cessation. The patient did not use other substances and had no
prior history of addictions.
Discussion: Kamini dependency has been well documented with
reports predominately from India, Australia, and New Zealand.
This case appears to be the first report of a recognized opioid
use disorder secondary to Kamini use in North America. A par-
ticularly concerning phenomenon is reports of users experiencing
a sense of wakefulness while clinically appearing drowsy. One
explanation for this presentation is the substance Piper betle
(betel leaf) which is found in some Kamini preparations. Piper
betle is a common medicinal plant in Asia used for the treatment
of a variety of conditions, including oral, skin, joint, and digestive
health concerns. The leaf or flower of Piper betle is a key compo-
nent in betle quid chewing which produces psychostimulant
effects. Other ingredients found in Kamini tablets that may be
responsible for the sensation of increased alertness are Myristica
fragrans (nutmeg) and Crocus sativus (saffron). As in this case,
there have been previous reports of Kamini abuse to sustain lon-
ger working hours, particularly in the transportation industry. A
case report has also described manic symptoms in the setting of
Kamini use.
Conclusions: Kamini is an illegal opioid-containing substance
that can readily be obtained in Canada. Clinicians should be
aware of the potential deleterious effects of non-allopathic and
herbal medications and inquire about their use. The use of

Kamini to sustain longer working hours in the transportation
industry is of great concern to public safety. We can expect to
see more cases of Kamini dependency until there is more aware-
ness of this substance.
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260. Confirmed envenomation by
Leiurus quinquestriatus (deathstalker
scorpion)

Shawn Andersona, Brian Gooleya, Travis Olivesa,
Zachary Mullerb and Jon Colea
aMinnesota Poison Control System; bAvera McKennan Hospital &
University Health Center

Background: Leiurus quinquestriatus (also known as the
Deathstalker or Egyptian scorpion), a member of the family
Buthidae, is considered to be among the most lethal scorpions in
the world. The Deathstalker is native to the Middle East and
Northern Africa; envenomation is rarely reported outside of these
regions. We present a case of confirmed envenomation by
Leiurus quinquestriatus and the subsequent clinical course.
Case report: A 39-year old male presented to the emergency
department shortly after being stung on his hand by his pet
Leiurus quinquestriatus. Prior to arrival, he attempted to suck the
venom out of the envenomation site. On presentation, he had
some localized redness, pain, and erythema at the site of the
sting, and complained of nausea. Vital signs on presentation
were: heart rate: 89 beats per minute; blood pressure: 152/
97mmHg; respiratory rate: 16 breaths per minute; and oxygen
saturation: 96% on room air. EKG revealed a normal sinus rhythm
and intervals within normal limits. Presenting lab work was unre-
markable. He developed mild elevations in high sensitivity tropo-
nin up to 25ng/L and creatinine kinase up to 272 units/L. He
received antiemetics to manage nausea and acetaminophen to
manage pain. 24 hours after presentation, his lab abnormalities
returned to within normal limits, all symptoms but localized ery-
thema had resolved, and the patient was discharged to home.
Discussion: The venom produced by Leiurus quinquestriatus has
been reported to affect the cardiovascular, autonomic, and cen-
tral nervous systems, though its mechanism is not well under-
stood. Reported symptoms of Leiurus quinquestriatus include
local and generalized paresthesias, tachycardia, bradycardia, dia-
phoresis, miosis, mydriasis, hypertension, and hypotension.
Ventricular dysrhythmias, respiratory failure, hematemesis, seiz-
ures, coma, pulmonary edema, and cardiogenic shock are also
reported. In nonfatal cases, symptom resolution is typically seen
within 36 hours. While antivenoms are available in the regions
where Leiurus quinquestriatus is native, clinical utility is equivocal
and most patients go on to develop only mild symptoms follow-
ing envenomation that respond well to symptomatic and sup-
portive care.
Conclusions: Leiurus quinquestriatus envenomations are uncom-
mon in the United States, but do carry the risk for significant
morbidity and mortality.
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261. Case report: acute toxic
encephalopathy due to dermal hydrogen
cyanamide toxicity in Sohag government

Meray Medhat Shokry Zaghary and Reda Elsayed
Department of Forensic Medicine & Clinical Toxicology, Faculty of
Medicine, Sohag University, Sohag, Egypt

Background: Pesticides are used widely all-over the world and is
a major cause of occupational, accidental and intentional poison-
ing. Hydrogen cyanamide which is the active component of
DormexV

R

(commercial product), which is a plant growth regulator
with high toxic effects.
Case report: The study represents a case report of a 22 year-old
male farmer with accidental occupational dermal exposure to
DormexV

R

resulting in second degree burn in his lower limbs and
abdomen and acute toxic encephalopathy. MRI- brain showed mul-
tiple widespread cortical and white matter abnormal signal inten-
sity lesions scattered upon both cerebral and cerebellar
hemispheres, bilateral lentiform nuclei and vermis. The patient par-
tially recovered after three weeks of effective treatment in ICU and
was discharged to follow up with a neurological consultant doctor.
Discussion: In this presented case there was severe contact
dermatitis and different degree burns involving large surface area
of the patient body as the route of exposure was dermal contact.
Dermal toxicity could be attributed to an immunological mechan-
ism, as DormexV

R

acts as a hapten that initiates an immunological
reaction against keratinocytes. This might lead to a severe allergic
reaction in the form of erythema multiforme as reported in previ-
ous studies. Also, it has been reported that acute cyanamide poi-
soning affects the cerebral structures with the highest oxygen
requirement, such as the basal ganglia, the cerebral cortex, and
the sensorimotor cortex. As a result, the anoxic encephalopathy
shows hemorrhagic necrosis, mainly in the striatum, and pseudo-
laminar necrosis in the cortex as shown in MRI of this case.
Conclusions: Acute accidental exposure to DormexV

R

, either der-
mally in the workplace or accidental ingestions in those who
have this dangerous product in their home present a great threat
to human life with many toxic effects like disturbed conscious
level, permanent Central Nervous System effects, multiple
vesicles in skin, and gastrointestinal effects. There is ignorance
among farmers about how hydrogen cyanamide is so dangerous
and proper precautions they need when using it.
Recommendations: Education training programs and awareness
creation on harmful effects of DormexV

R

, especially among farm-
ers and proper precautions they need to take when they use it.
Adequate information about full personal protective equipment
should be given to farmers.
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262. Fatal cyanide poisoning from
amygdalin ingestion

Elizabeth Olsona, Margaret Lewisa, Ann-Jeannette
Geibb and Christine Murphyb
aDepartment of Emergency Medicine, Atrium Health's Carolinas
Medical Center; bDepartment of Emergency Medicine, Division of
Medical Toxicology, Atrium Health's Carolinas Medical Center

Background: Amygdalin, marketed as “vitamin B17” and sold
online as a health supplement, is a cyanogenic compound
derived from apricot pits, bitter almonds, and other species of

the Rosaceae family. Touted as an alternative treatment for can-
cer, sale of amygdalin and its semi-synthetic derivative laetrile
are banned by the US Food and Drug Administration and the
European Commission, having been found to be neither safe nor
effective in the treatment of any medical condition. When taken
orally, amygdalin is enzymatically metabolized in the gastrointes-
tinal tract to hydrogen cyanide. We present a fatal case of amyg-
dalin ingestion leading to lethal cyanide toxicity in a young child.
Case report: A 6-year-old male with autism presented to the
emergency department by ambulance after he was found unre-
sponsive at home. CPR was started just prior to arrival for brady-
cardia. On presentation to the emergency department, he had a
GCS of 3 with fixed and dilated pupils. The paramedics produced
a photograph of an empty bottle of 500mg amygdalin capsules
that had been found near the patient, along with an open con-
tainer of Oxiclean powder. His mother reported having found
him with the closed bottle of amygdalin several hours before-
hand and disclosed that he later had vomited multiple times
before becoming unresponsive. He developed PEA and approxi-
mately 25minutes of CPR was performed while he was treated
with 70mg/kg IV hydroxocobalamin and 1.65mL/kg IV sodium
thiosulfate for presumed cyanide toxicity. The patient regained
pulses approximately 5minutes after receiving hydroxocobalamin
and was transferred to the intensive care unit, where he was
given 25g of activated charcoal. He was given a second dose of
hydroxocobalamin 6 hours after the initial dose, and a second
dose of sodium thiosulfate 12 hours after the initial dose. The fol-
lowing day, he had absent brainstem reflexes while off all sed-
ation, and brain imaging demonstrated evidence of severe
anoxic brain injury leading to cerebral herniation. Additional test-
ing was consistent with brain death. Whole blood samples
obtained 7 hours after administration of the second dose of
hydroxocobalamin and one hour after the second dose of
sodium thiosulfate revealed a cyanide level of 0.140mg/L. The
medical examiner listed cyanide toxicity as the probable cause of
death, with autism as a contributing condition.
Discussion: Based on the available information, we believe the
patient ingested a lethal amount of amygdalin, resulting in fatal
cyanide toxicity. Though it is unknown how many capsules the
child ingested, one 500mg amygdalin capsule may be metabo-
lized to as much as 30mg of cyanide. The lethal dose of cyanide
is 1.5mg/kg, which would suggest the fatal dose in this 36-kg
child was two 500mg amygdalin capsules. Additionally, this
patient’s cyanide level even after treatment was well above the
expected level for a non-smoker (< 0.025mg/L).
Conclusions: Given amygdalin's lack of demonstrable clinical bene-
fit and clear toxic potential, we strongly urge the FDA to enforce
strict penalties on distributors of this dangerous compound.
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263. Evaluation of oral dimethyl
trisulfide (DMTS) as a prophylactic
countermeasure for oral cyanide
toxicity in a swine (Sus scrofa) model

Brooke Lajeunessea, Madelaine Paredesb, Jae Hyek
Choib, Heang Sundermannb, Dylan Rodriguezb,
Maria Castanedac, Ryley Zapienb, Kaysie Suttonb,
Gary Rockwoodd, Joseph Maddryc, Vikhyat Bebartae

and Patrick Ngc
aDepartment of Emergency Medicine, San Antonio Military
Medical Center, United States; bClinical Resuscitation, Emergency
Science, Triage & Toxicology 59th Medical Wing, Science &
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Technology; cUnited States Air Force En route Care Research
Center, 59th Medical Wing, Science & Technology; dUnited States
Army Medical Research Institute of Chemical Defense (USAMRIDC);
eCenter for COMBAT Research, Department of Emergency
Medicine, University of Colorado School of Medic

Background: Cyanide (CN) has the potential to be weaponized
by terrorist groups in deadly chemical attacks, as it can be easily
stored and readily accessible to contaminate food and water sup-
plies. Currently, there are no FDA approved antidotes specific to
oral CN. Although there are antidotes available for inhaled CN,
these are expensive, resource intensive, and time consuming. For
example, hydroxocobalamin requires intravenous access and
administration in high volumes thus limiting its use in a mass
casualty setting. This gap could be filled by administration of a
low-volume, orally administered countermeasure. Such a counter-
measure would have more practical applicability in mass casualty
(MASCAL), prehospital, and warfare settings. Sulfur donors admin-
istered orally have been shown to be efficacious in treating cyan-
ide toxicity in animal models. Dimethyl Trisulfide (DMTS) is a
sulfur-based molecule that occurs naturally and is used as an
additive in food. In this study, we evaluated the efficacy of DMTS
when administered orally as a prophylactic countermeasure for
acute cyanide toxicity in swine.
Methods: Yorkshire swine weighing 49.8 ± 1 kg were anesthe-
tized and randomized to two groups, prophylactic treatment
with DMTS (n ¼ 8) or untreated controls (CTR, DMTS diluent)
(n ¼ 4). Delivery of DMTS (15mg/kg) or diluent was performed
via an orogastric (OG) tube. Ten minutes after administration of
DMTS or diluent, animals received potassium CN (8mg/kg)
through the OG tube to induce toxicity. Blood samples and
vitals were collected throughout the procedure. Animals
were observed for 120minutes after CN administration. Data
shown as mean ± SEM; statistical significance was accepted at
P < 0.05.
Results: At 120minutes, the group treated with DMTS had 100%
survival compared to 0% survival in the CTR group (P < 0.0004).
The average time of death was 48±12minutes and the average
time to apnea was 9±1.3minutes in the CTR group. Differences
in lactate concentrations (mM) were identified between the two
groups (DMTS: 1.4 ± 0.09 vs. CTR: 6.7 ± 0.21 at 20minutes, P <
0.0001). At 20minutes post CN, pO2 levels (mmHg) were different
between the two groups (DMTS: 95±4.3 vs. CTR: 40± 4.4; P <
0.0001). Mean arterial pressure, cardiac output, and venous oxy-
gen saturation (SVO2) were also improved in DMTS treated ani-
mals compared to controls.
Conclusions: Oral prophylactic DMTS improved survival at
120minutes in a large animal model of severe, acute oral CN tox-
icity compared to no treatment controls. These data provide pre-
clinical evidence of the efficacy of DMTS as a potential counter-
measure against severe CN toxicity.
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264. Kernel of truth: a 22-year
retrospective review of apricot kernel
ingestions at a regional poison
control center

Tisha Carson, Reggie Taratino, Sheila Goertemoeller,
Jonathan Colvin and Shan Yin
Cincinnati Drug & Poison Information Center

Background: The common apricot, Prunus armeniaca is the pri-
mary cultivar known for its delectable fruit. Ground seeds are
used in the cosmetic industry as an exfoliant, while kernels
found inside the seed are used in benzaldehyde and apricot oil
production. Many prunus kernels contain the cyanogenic glyco-
side amygdalin, first isolated from bitter almonds in 1830.
Amygdalin, and its semisynthetic derivative laetrile have been
touted as cancer cures for over a century. In vivo, amygdalin
undergoes enzymatic hydrolysis to hydrogen cyanide. Despite
lack of scientific evidence to support cancer benefits, apricot
kernels continue to be widely available for purchase in health-
food stores and online. It remains unclear how many apricot
kernels, particularly when masticated, can liberate enough
cyanide to inhibit cytochrome C oxidase and cause subsequent
cellular anoxia.
Methods: This is a retrospective review of single substance
human exposure cases involving apricot kernel ingestion as
reported to a single regional poison center (PC) between January
2001 and April 2023. Cases coded with the AAPCC Generic Code
for “Plants: Amygdalin and/or cyanogenic Glycosides” were
extracted from the PC’s internal database (ToxicallV

R

). The case
narrative was reviewed to confirm involvement of an apricot ker-
nel and to classify if the kernel was swallowed whole, chewed, or
ground up prior to ingestion. Additionally, cases were reviewed
to verify coding accuracy and conformance with National Poison
Data System (NPDS) coding definitions.
Results: Fifty (50) cases were identified to meet inclusion crite-
ria. The gender distribution was nearly equal and patient age
ranged from 15 months to 82 years. Accidental ingestions
accounted for 18% (n ¼ 9) of exposure cases and were most
frequently associated with whole kernel ingestion (n ¼ 5) with-
out adverse effect. Unintentional misuse and therapeutic errors
accounted for 80% of the exposures (n ¼ 40). These exposures
often occurred in the context of a purported health benefit
and were more likely to involve intentional chewing (78%) or
grinding the kernel (20%) over multiple doses. There were no
moderate or major outcomes within this patient population
and 50% (n ¼ 20) had no clinical effects reported. Among
symptomatic patients (n¼ 20), 40% of the effects reported
were assessed as unrelated to the exposure and 25% were
assessed as unknown if related. The most frequently reported
symptoms included vomiting (n ¼ 11), nausea (n ¼ 6), and diz-
ziness (n ¼ 6). Hypertension was noted in four (4) cases
assessed as an unrelated effect. In each of these cases, the
hypertension was described by the physician as ‘mild’ in the
context of anxiety. The most serious case involved a single self-
harm exposure involving an unknown number of kernels that
resulted in moderate CNS depression, hypertension, muscle
weakness, cyanosis, dyspnea, respiratory depression, and
increased lactate level. There were no fatalities reported in this
data set.
Conclusions: We report the largest case series of chewed apricot
seed ingestions reported to one regional PC. Public health mes-
saging should emphasize the lack of scientific evidence for can-
cer benefits and the potential for harm associated with apricot
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kernel consumption. Further research is needed to determine
safe consumption levels and the appropriate regulation of apri-
cot kernel products.
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265. Apricot kernels as cause of death
in a dog

Tina Wismer and Laura Stern
ASPCA Animal Poison Control Center

Background: Apricot kernels are found inside the apricot pit.
The kernel contains amygdalin, a cyanogenic glycoside, in a con-
centration of 0.05–0.3% by weight. The cyanogenic glycoside
functions to protect the plant from predation. Since cyanogenic
glycosides are common in plants, mammals have the rhodanese
enzyme system that converts cyanide in the body to thiocyanate.
When this system is overwhelmed, toxicosis occurs. Cyanide
binds with iron in cytochrome a3, preventing electron transport.
When cytochrome oxidase is nonfunctional, it stops tissue utiliza-
tion of oxygen. There is no cellular respiration in the mitochon-
dria, no ATP production, and anoxia occurs. Signs have a rapid
onset and death can occur within minutes. Respiration and heart
rate are stimulated then depressed. The venous blood may look
‘cherry red’. Coma is followed by apnea, seizures, and death.
Case report: An 8.5 y, 34.5 kg, spayed female golden retriever
chewed into a bag of apricot kernel meal and ingested an esti-
mated 1/2 pound. The kernels were ground to be used as an
exfoliator in homemade soap. The owners were away for 6-8hours
and found the dog symptomatic (already vomited once) when
they arrived home. The dog continued to vomit an additional 5
times with apricot kernel meal observed in the vomitus. The dog
became lethargic, ataxic, and was breathing heavily. The owner
presented the dog to a local veterinary emergency clinic. Upon
arrival the dog was unresponsive. The veterinarian was able to
intubate without any sedation. On presentation the HR was 140
(normal 60 –120 BPM), BP 138 (normal 120 – 130 systolic), and the
patient was hypothermic (95� F, normal 100 – 103� F). The dog
was started on intravenous fluid support. Hydroxocobalamin was
recommended. In dogs it is administered as a one-time dose of
150mg/kg IV over 15minutes. The patient should be monitored
for metabolic acidosis, hypotension, dysrhythmias, and seizures
when administering hydroxocobalamin. The veterinarian was able
to source hydroxocobalamin from a human pharmacy, and it was
administered 2hours after arrival at the veterinary facility. The dog
remained comatose, but the BP improved, and apnea resolved.
However, the dog developed severe lactic acidosis and arrested
five hours after presentation. There was no response to CPR.
Discussion: Apricot kernel meal is an uncommon poisoning in
dogs. In humans, ingestion of 20–60 kernels or approximately
0.29–0.85 kernel/kg, has resulted in toxicosis. It is recommended
humans consume no more than 1 to 3 kernels in a 24-hour
period (0.014–0.04 kernels/kg). The exact fatal dose is not known
in dogs but is estimated to be 0.05 kernels/kg or 0.025 g/kg. If
hydroxocobalamin is not available, then a cyanide antidote kit
(sodium nitrite, sodium thiosulfate) can be used. In this case the
large amount ingested plus the delay to get the antidote prob-
ably contributed to the death of this patient.
Conclusions: From the human data, coma and lactic acidosis
correlate with severe cyanide toxicosis.
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266. Bee, hornet, and wasp stings
reported to poison centers

Thi Nguyena, Brett Rotha and Mathias Forresterb
aNTPC; bIndependent Researcher

Background: Bee, hornet, and wasp (yellow jacket) stings can
cause adverse effects ranging from relatively mild-moderate
effects such as burning pain at the sting site, erythema, and
edema to severe allergic reactions (anaphylaxis) such as urticaria,
difficulty breathing, swelling of the throat and tongue, weak and
rapid pulse, nausea or vomiting, dizziness, syncope, and possibly
death. The objective of this study was to describe bee, hornet,
and wasp stings reported to United States poison centers.
Methods: Cases were exposures to bee, hornets, and wasps
(Generic code 0209241 - Bee, Wasp, or Hornet Stings) reported
to the National Poison Data System (NPDS), a database that
receives data from all United States poison centers, during 2000-
2021 where the route was bite/sting or the exposure reason was
unintentional bite/sting. The distribution of total cases was deter-
mined for patient demographics and exposure circumstances.
The distribution of cases not involving other substances was
determined for management and outcome.
Results: A total of 151,281 bee, hornet, and wasp stings were
identified. The annual number of cases decreased from a max-
imum of 13,112 in 2001 to 2,080 in 2021. By three-month period,
there were 7,270 (4.8%) stings reported in January–March, 35,212
(23.3%) in April–June, 90,882 (60.1%) in July–September, and
17,917 (11.8%) in October–December. The patient age distribu-
tion was 28,089 (18.6%) 0–5 years, 18,151 (12.0%) 6–12 years,
9,124 (6.0%) 13–19 years, 48,566 (32.1%) 20–49 years, 33,362
(22.1%) 50þ years, and 13,989 (9.2%) unknown age; 76,090
(50.3%) of the patients were female, 74,909 (49.5%) male, and
282 (0.2%) unknown gender. The exposure site was 135,028
(90.8%) patient’s own residence, 5,822 (3.9%) other residence,
5,051 (3.4%) other residence, and 5,380 (3.6%) other and
unknown locations. No other substances were reported in
149,507 (98.8%) of the cases. Of these 149,507 cases, 127,647
(85.4%) were managed on site, 5,055 (3.4%) were already at or
en route to a healthcare facility, 14,566 (9.7%) were referred to a
healthcare facility by the poison center, and 2,239 (1.5%) were
managed at other or unknown locations. The medical outcome
was 985 (0.7%) no effect, 48,679 (32.6%) minor effect, 8,483
(5.7%) moderate effect, 322 (0.2%) major effect, 841 (0.6%) not
followed-judged nontoxic, 83,010 (55.5%) not followed-minimal
clinical effects possible, 6,226 (4.2%) unable to follow-potentially
toxic, 924 (0.6%) unrelated effect, and 21 (0.0%) unknown; 16
(0.0%) deaths were reported. A clinical effect was reported in
140,931 (94.3%) of the 149,507 cases not involving other sub-
stances. The most frequently reported clinical effects were punc-
ture/wound/sting (n ¼ 107,354, 71.8%), dermal irritation/pain (n
¼ 98,488, 65.9%), edema (n ¼ 65,663, 43.9%), erythema/flushed
(n ¼ 48,610, 32.5%), 10,471 (n ¼ 10,471, 7.0%), and hives/welts
(n ¼ 6,525, 4.4%). The most frequently reported treatments were
dilute/irrigate/wash (n ¼ 96,366, 64.5%), antihistamines (n ¼

51,385, 34.4%), steroids (n ¼ 9,321, 6.2%), and antibiotics (n ¼

5,787, 3.9%).
Conclusions: While the majority of cases without other substan-
ces were managed on site and most did not have serious out-
comes, poison centers referred almost 10% of the patients to a
healthcare facility and 10% had serious outcomes, including 16
deaths.
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267. High sensitivity troponin is
frequently elevated after carbon
monoxide exposure

Abdullatif Aloumi, Robert J. Hoffman and
Rawan Hannoush
Kuwait Poison Control Center, Amiri Hospital Dept of Emergency
Medicine, Kuwait Ministry of Health

Background: Cardiotoxicity from carbon monoxide (CO) expos-
ure is well-described. For CO neurotoxicity, there are several
standardized approaches for assessment and recommendations
for hyperbaric oxygen therapy (HBO). For CO cardiotoxicity, there
are not similar standardized approaches for assessment, nor for
treatment. Indications for troponin measurement and prognostic
value of troponin in the setting of CO exposure are not well-
described nor uniform. This hypothesis-generating study seeks to
evaluate the correlation of HS-cTn with carboxyhemoglobin
(COHb) levels to determine if any patterns of elevated HS-cTn
exist in CO exposed patients. Particularly we seek to determine if
there is association or correlation of elevated HS-cTn with ele-
vated carboxyhemoglobin (COHb) levels and secondarily evaluate
for other clinical findings associated with elevated HS-cTn.
Methods: Cases of CO toxicity reported to our poison center in
one winter period were reviewed. All cases of confirmed CO
exposure with COHb > 5% were included. Of these, all patients
with measurement HS-cTn were included. Statistical analysis to
assess association or correlation between COHb and Hs-cTn were
conducted by Pearson correlation, Spearman correlation, Kendall
correlation, linear regression, and Chi-squared testing using cat-
egorical groups of COHb > 25%, and linear regression.
Results: Of 55 patients with positive COHb levels, (range
4.8–54%, mean 25.28%), 17 had HS-cTn measured, and all had
detectable concentrations (range 1.4–8806 ng/L, mean 1073.5 ng/
L). Notably, only 2 of these patients had chest pain and the other
15 had screening troponin measurements with no specific con-
cern for ACS or myocardial infarction. Of these, 70.5% (n ¼ 12/
17) of the HS-cTn were elevated (range 12.45–8808.6 ng/dL,
mean 1519.13 ng/dL). Pearson correlation (�0.284, P ¼ 0.269),
Spearman correlation (�0.272, P ¼ 0.29), Kendall correlation
(tau¼�0.176, P ¼ 0.343) linear regression (P ¼ 0.269), and Chi-
squared analysis using categorical grouping of COHb > 25%
found no link between higher COHb and higher HS-cTn.
Conclusions: HS-cTn is frequently elevated in patients with CO
exposure. In this series, 31% (n ¼ 17/55) of patients had HS-cTn
measured after CO exposure, and 70% (n ¼ 12/17) were ele-
vated. Of those positive, 16.7% (n¼ 2/12) had chest pain.
Screening HS-cTn- measurement without chest pain or other
usual indications for troponin measurement- was positive in 67%
(n ¼ 10/15). Cardiac injury is an understandable and predictable
result of CO toxicity. In this series, routine screening of HS-cTn
was frequently positive in patients with no specific cardiac symp-
toms. HS-cTn was elevated in both patients with chest pain.
Statistical analysis by multiple methods failed to find correlation
between elevated HS-cTn with elevated COHb. This study dem-
onstrates that HS-cTn is frequently elevated in patients with CO
exposure, but finds no association between higher HS-cTn and
higher COHb levels. Investigation is warranted to better under-
stand the relevance, value, and utility of screening HS-cTn meas-
urement in patients with CO exposure.
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268. Carbon monoxide poisoning by
intentional methylene chloride
inhalation as a suicide attempt: a case
report

Brian G. Wienera, Kyle D. Piresa, Vincent Nguyenb,
Mary Ann Howlandc and Mark K. Sud
aDepartment of Emergency Medicine, Division of Medical
Toxicology, NYU; bDepartment of Emergency Medicine, Jacobi
Medical Center, Albert Einstein College of Medicine; cCollege of
Pharmacy and Health Sciences, St. John’s University; dDepartment
of Health and Mental Hygiene, New York City Poison Control
Center

Background: Methylene chloride (MeCl2 or dichloromethane)
exposures may result in significant carbon monoxide (CO) poi-
soning due to its metabolism in the liver by CYP2E1. In contrast
to inhalational CO poisoning from common sources (e.g., house
fires), inhalation of MeCl2 is associated with delayed and pro-
longed CO poisoning. We report a case of intentional inhalation
of MeCl2 in a suicide attempt, with serial carboxyhemoglobin lev-
els and a confirmed blood dichloromethane concentration.
Case report: A 57-year-old woman with a past medical history of
major depression presented to the hospital via EMS after inten-
tionally inhaling 350mL of vaporized laboratory grade MeCl2
over three hours. The patient denied ever smoking in the past
30 years. The patient vaporized the liquid with a diffuser and
connected a mask to her face to “fall asleep peacefully, pain-
lessly, and not wake up.” She also reported ingesting zolpidem
and oxycodone. Her initial vital signs were: BP, 88/57mmHg; HR,
49 beats/minute; RR 10 breaths/minute; T, 93.2�Fahrenheit; O2

Saturation, 100% room air. Upon presentation to the hospital
four hours after the MeCl2 exposure, her physical examination
was notable for a depressed mental status and a carboxyhemo-
globin level [COHb] of 19%. She was transferred to a hyperbaric
oxygen facility by helicopter due to concerns for delayed CO tox-
icity. Over the next 38hours, her [COHb] decreased to 3.7%, with
an apparent half-life of 16.3 hours. No hyperbaric oxygen treat-
ment was administered. A blood dichloromethane concentration
obtained around 10hours after exposure was found to be
1.7mcg/mL (reporting limit 0.50mcg/mL). Her subsequent hospi-
talization was uneventful, and after 2 days, she was transferred
to the inpatient Psychiatry Service.
Discussion: Methylene chloride, a common paint stripper, is
absorbed by inhalation and metabolized in the liver to form CO.
It is metabolized by CYP2E1 to CO and typically peaks around
eight hours after exposure reaching COHb levels between 10
and 50%. The [COHb] after MeCl2 exposure is directly propor-
tional to the concentration and duration of exposure. In our
case, the patient’s elevated [COHb] was 19% four hours after
inhalation, and the subsequent down-trending of [COHb]
occurred with an apparent half-life of 16.3 hours. As a reference,
the [COHb] half-life on room air, 100% oxygen, and hyperbaric
oxygen is estimated to be 320, 85, and 20minutes, respectively.
This prolonged apparent half-life is attributed to the ongoing CO
production from MeCl2 in fat stores.
Conclusions: Methylene chloride inhalation can cause significant
and persistently elevated [COHb] with an apparent half-life of
over 16 hours. Healthcare providers should be aware of this rare
cause of significant CO poisoning and the potential need for pro-
longed monitoring.
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269. Carbon monoxide poisoning is
something to talk a-boat

Maria Hinojosaa, Shawn M. Varneya and
Mathias B. Forresterb
aSouth Texas Poison Center, San Antonio, TX, USA; bIndependent
Researcher, Austin, TX, USA

Background: Carbon monoxide (CO) poisoning can cause signifi-
cant morbidity and unintentional deaths. Exposures can occur
where the hazardous accumulation of CO emissions from genera-
tors or engine exhaust gases is found, including boats. Over 14
million United States (US) households own a recreational boat,
and approximately 100 million Americans go boating annually.
As a result, CO poisoning during recreational boating has been
reported in the literature. This study used a national database to
characterize CO poisoning during recreational poisoning.
Methods: Data were obtained from Recreational Boating
Statistics annual reports produced by the US Coast Guard
(USCG). These reports contain aggregate data on recreational
boating accidents, including CO poisoning/exposure. The data in
the reports are received from state marine agencies, federal
agencies (e.g., USCG, National Park Service, Army Corps of
Engineers, Forest Service), the public, and news media. After data
are submitted, the USCG reviews and standardizes the data. The
annual reports for 2004 - 2020 were reviewed, and the distribu-
tion of CO poisonings was determined for various factors.
Results: Two hundred and eighteen CO poisoning accidents
were reported, ranging from 6 to 18 per year. The mean annual
number of CO poisoning accidents was 15.4 during 2004 - 2010
and 11.0 during 2011 – 2020. CO poisoning was reported as the
first event in 206 (94.5%) accidents, second event in 9 (4.1%),
and third event in 3 (1.4%). Of the 206 CO poisonings as the first
event in an accident, the states with the highest number of such
accidents were California 28 (13.6%), Utah 18 (8.7%), Florida 13
(6.3%), New York 12 (5.8%), Georgia 10 (4.9%), and Arizona 9
(4.4%). The distribution by US region was 22 (10.7%) Northeast,
37 (18.0%) Midwest, 65 (31.6%) South, 79 (38.3%) West, and 3
(1.5%) other USCG jurisdiction/unknown. There were 431 total
CO poisoning injuries, ranging from 8 to 51 per year. The mean
annual CO poisoning injuries were 32.9 during 2004 – 2010 and
20.1 during 2011 – 2020. The distribution of injuries by type of
boat was 215 (49.9%) cabin motorboat, 122 (28.3%) houseboat,
86 (20.0%) open motorboat, 3 (0.7%) auxiliary sailboat, 2 (0.5%)
personal watercraft, and 3 (0.7%) not reported/unknown. In add-
ition, 95 CO poisoning deaths were reported, ranging from 0 to
12 per year. The mean annual number of CO poisoning deaths
was 8.4 during 2004 - 2008, 2.8 during 2009 – 2014, and 6.0 dur-
ing 2015 – 2020.
Conclusions: CO poisoning accidents and injuries during recre-
ational boating both dropped during the latter part of the study
period. Deaths caused by CO poisoning declined by 66% mid-
study period and nearly doubled at the end. The US region most
often reported CO poisoning during recreational boating was the
West, followed by the South. Nearly half of the injuries involved
cabin motorboats, followed by houseboats and open motorboats.
Limitations of the annual reports include the lack of patient
demographics or details on the types of injury and contain
aggregate data.
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270. Carbon monoxide poisoning in
the emergency department: a
retrospective analysis of 10 years in a
hospital in Mexico State

Mayr�e Ivonne Bautista Alb�ıter, Jorge Guillermo P�erez
Tu~n�on, Arturo Giovanny Ponce de Le�on,
Lorena Mancera Castillo, Dania Mariel Felix
Bernstorff and Martha Yolanda Mu~noz Fromow
Centro Toxicol�ogico Hospital �Angeles Lomas

Background: Carbon monoxide (CO) is a colorless, odorless, and
tasteless gas, which represents a public health problem through-
out the world. The signs and symptoms of this poisoning can be
non-specific, delaying the diagnosis and implementation of
timely treatment in the emergency department (ED). The object-
ive of this study is to identify the epidemiological factors that
occur most frequently in CO poisoned patients who attend the
emergency department at a hospital in Mexico State.
Methods: This is a retrospective and descriptive review of the
database of a Poison Control Center at a hospital in Mexico
State, from January 2013 to March 2023. The variables consid-
ered were source of CO exposure, gender, age, clinical picture,
carboxyhemoglobin (%), and treatment. Data fields from case
records were analyzed using descriptive statistics.
Results: From a database of 1428 patients, a total of 34 records
of CO poisoning were retrieved. It was found that the main
source of exposure to CO was the water heater, with 15/34 cases
(61.8%). The ages ranged from 24 months to 64 years (median
28.3 years), with 10 (29.4%) from 31 to 40 years, followed by 9
(26.4%) from 21 to 30 years. By gender, women represented
64.70% of the population studied. The most commonly reported
symptoms were headache (58.82%), nausea (38.25%) unclassified
syncope (35.29%), emesis (29.41%) and dizziness (26.47%).
Additional reported symptoms included disorientation (11.76%),
somnolence (8.82%), chest pain (5.88%), tachycardia (5.88%), tin-
nitus (5.88%), agitation (2.94%), bradypsychia (2.94%) and brady-
lalia (2.94%). 14 subjects with recorded carboxyhemoglobin
(COHb) levels had values over 30%, 18 from 15% to 29.9% and
two were under 14.9% (median 26.7%). 25 patients (73.5%)
received hyperbaric oxygen and 9 (26.4%) were treated with sup-
plemental oxygen; no deaths were reported.
Conclusions: In the studied population, it was observed that the
water heater predominated as a cause of exposure. CO poisoning
was found to be manifested primarily by non-specific cardiovas-
cular and neurological symptoms like headache, unclassified syn-
cope, dizziness, disorientation, somnolence, chest pain,
tachycardia, tinnitus, agitation, bradypsychia and bradylalia.
However, syncope and loss of alertness were found most fre-
quently in patients with COHb > 30%. In contrast, headache, diz-
ziness and gastrointestinal symptoms like nausea and emesis
predominated in the population with COHb < 30%, highlighting
the fact that the clinical aspect must be considered when cate-
gorizing the severity of the patient poisoned by CO. Finally, epi-
demiological description of CO exposures will help to create
public health measures with the aim of prevention.
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271. Exposures to hydrazine on
military bases

HoanVu Nguyena and Christopher Hoyteb
aUnited States Air Force; bRocky Mountain Poison and Drug Safety

Background: Exposures to hydrazine (HZ) and hydrazine deriva-
tives (HZ-D) vapors occur during routine operations in military
and aerospace industries. Hydrazine- and HZ-D-based propellants
are utilized within specific components on military aircraft and
spacecraft. These chemicals may pose a risk to crews of aircraft
and spacecraft as well as ground support personnel. Few human
case reports of exposures to HZ and HZ-D are available. This
study seeks to better understand common manifestations of HZ
and HZ-D exposures on military bases during routine operations.
Methods: A retrospective database review between 1 June 2000
and 31 May 2022, of a regional poison center electronic medical
record was performed. All cases originating from, or involving military
personnel, when identified, were included. A specific query for expos-
ure to “hydrazine,” “monomethylhydrazine,” “dimethylhydrazine,”
“rocket fuel,” and “jet fuel” was performed. Exclusion criteria were
cases not originating from a military base or involving military per-
sonnel, cases not involving an exposure, and cases involving non-HZ
or -HZ-D compounds. Following case collection, descriptive statistics
were performed to characterize demographics, clinical manifestations,
treatments, and outcomes. This study was reviewed and approved
by the local Investigational Review Board.
Results: In all, 45 individual cases were identified. Median age of
exposure was 32 (range 20–50), and most exposures were inhala-
tional or exposure to vapors (n ¼ 42, 94%). Sex was not reported
in 10 cases, and in cases where sex was reported, the majority
were men (n ¼ 33, 94%). All exposures were accidental due to
release of fumes from storage containers or operating/malfunc-
tioning components. Most patients were asymptomatic following
exposure (n ¼ 35, 78%), with most common signs and symptoms
being cough (n ¼ 4, 9%), dyspnea (n ¼ 3, 7%), throat irritation
(n ¼ 3, 7%), lightheadedness (n ¼ 2, 4%), ocular irritation (n ¼ 2,
4%), and chest pain (n ¼ 1, 2%). Albuterol was given in 2 cases,
and oxygen supplementation was utilized in one. Most patients
were observed without intervention. Overall, 82% of patients
were observed and discharged from an emergency department.
Two patients were admitted for observation due to a report of
prolonged exposure and discharged after remaining asymptom-
atic for 14 h. Only one patient was admitted for persistent symp-
toms and was discharged within 24 h after resolution of
symptoms. No significant respiratory compromise or neurologic
sequelae were reported in the cases and there were no deaths.
Conclusions: Acute exposure to HZ and HZ-D during routine
operations on military bases is often accidental. Most common
symptoms were typically mucosal irritation with no reports of
significant pulmonary or neurologic sequelae. While limited due
to inability to confirm exposure either by environmental or
patient laboratory testing, these data suggest that acute manage-
ment of exposures to presumably low concentrations vapors
may focus on supportive care of the mucosal irritant properties
of HZ/HZ-D. Better characterizing exposures to these compounds
during routine aeronautical and space operations will be import-
ant as interest in human space exploration grows and clinical
space toxicology plays a greater role. Disclaimer: The views
expressed in this material are those of the author(s) and do not
necessarily reflect the official policy or position of the
Department of the Air Force, the Department of Defense, or the
US government.
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272. (Not so) poison hemlock: a six
year retrospective review of regional
poison center cases from 2017–2022

Alexia Armentaa, Michael Wahlb and Paul Ehlersa
aToxikon Consortium; bIllinois Poison Center

Background: Poison Hemlock (Conium maculatum) is an invasive
plant that has spread throughout the continental US in recent
years. The plant is difficult to eradicate and exposures occur in
the spring and summer months when the plant is mown by
farmers and landscapers. Though the number of exposures and
calls to poison centers has increased over the past few years,
research on human mortality and morbidity is limited.
Methods: A retrospective review of data from the National Poison
Data System (NPDS), querying for the product code for poison
hemlock from 1 January 2017 to 31 December 2022, was per-
formed. Analysis on exposures per year, route of exposures, demo-
graphics, health care utilization and clinical effects was undertaken.
Results: The NPDS query returned 77 cases in the RPC region.
Codes of routes of exposure included: dermal (54 cases, 70.1%),
ingestion (18 cases, 23.4%), and inhalation (5 cases, 6.5%). Age of
patients ranged from 10 months to 81 years old. Exposure by
gender was equal with 39 males and 38 females in the cohort.
The majority of cases (87%) were unintentional exposures and
only 5 were coded as intentional, 2 of which were coded as
intentional suicidal intent; both SI cases were ingestions. 11 total
cases (14.3%) were seen in a healthcare facility and only 1 (1.3%)
was admitted (to a psychiatric facility). No patients were admit-
ted for medical reasons. No major effects or deaths were coded,
and only 4 moderate effects (5.2%) were coded, all of which
were from dermal exposures. The majority of the cases were
reported during late spring and early summer with the most
common months being May (20 cases, 26%), June (28 cases,
36.4%), and July (11 cases, 14.3%). Only 1 case was reported dur-
ing winter, and it was an ingestion in January.
Conclusions: Human exposures to poison hemlock are increasing
as the geographic distribution of the species increases. Though his-
torically the plant was known to be severely toxic, our results
show that this is not true for environmental exposures. Poison
Center staff can expect the majority of calls for exposures to occur
during the summer months. Exposures are likely to result with a
minor or no effect, and if the symptoms are minor then the
patient is unlikely to require evaluation in a healthcare facility.

KEYWORDS Poison hemlock

aaalexia321@gmail.com

273. Fasciotomy after North American
pit viper envenomation in 2004–2021

Shawn Varneya, Sarah Watkinsb, Haylea Stutevillec,
Tony Gaod, Brett Rothe, Aaron Alindogana, Patrick
Ngf, Daniel Denta, Ronald Stewarta and Joseph
Maddryg
aUniversity of Texas Health – San Antonio; bTexas Tech University
Health Sciences Center; cTexas Department of State Health
Services; dSouth Texas Poison Center; eNorth Texas Poison Center;
fSan Antonio Military Medical Center; gFt Sam Houston

Background: Envenomation by North American pit vipers occurs
over 4000 times annually in the United States. Polyvalent Fab
antivenom is the mainstay of treatment. Rarely, patients undergo
fasciotomy to treat or prevent venom-induced compartment
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syndrome despite studies documenting resolution with anti-
venom alone. The study aim was to describe fasciotomy cases
reported to the Texas Poison Center Network.
Methods: The Texas Poison Center Network ToxicallV

R

database
was searched for crotaline snakebite exposure calls from 2004 to
2021. From these records, a subset of suspected fasciotomies
performed was created by searching for the following keywords
fasciotomy, surgery, compartment pressure, and compartment
syndrome. Any chart containing at least one of the keywords in
the notes was manually reviewed. We defined “fasciotomy” as
any surgical procedure performed on a snakebite patient to
decompress tissue under pressure, including finger dermotomy.
Four toxicologists were trained and performed data abstraction
of the charts with each case evaluated by two abstractors.
Variables abstracted included snake type, bite site, time to pres-
entation/antivenom, laboratory values, fasciotomy parameters,
and hospital course. Descriptive statistics, standard deviations,
bivariate analyses, and interrater reliability scores were
determined.
Results: Of 17,133 reported snakebite patients, 117 (0.68%) fas-
ciotomies were performed. Males accounted for 95 (81.2%) fas-
ciotomy patients and 10,723 (62.6%) non-fasciotomy patients (P
< 0.0001). Males were 2.6 times [1.63 – 4.20] more likely to have
had a fasciotomy than females. Fasciotomies were performed
more commonly in patients aged 20 – 39 years (42; 35.8%).
Rattlesnake and copperhead bites accounted for 56 (47.9%) and
19 (16.2%) of fasciotomies, respectively. Rattlesnake bites were
5.8 times [4.03 – 8.39] more likely to have a fasciotomy per-
formed than other snakebites. Sixty-two of the fasciotomy sites
(49.6%) were on the hand or finger, and 35 (28.0%) on the lower
extremity (excluding the foot). A toxicologist was consulted on
27 (23.1%) fasciotomies either by phone (23) or bedside (4). To
assess envenomation progression, physicians used clinical judge-
ment without objective measurements in 86 (73.5%) cases, moni-
tored/measured the leading edge of swelling in 48 (41%), asked
the patient about pain in 27 (23.1%), and used the Snakebite
Severity Score in one patient. Only 7 (6%) fasciotomy cases had
compartment pressure measured. Antivenom was administered
to 101 (86.3%) fasciotomy patients, of whom 92 (91.1%) received
a mean of 12.4 total vials of Fab antivenom (Crotalidae
Polyvalent Immune Fab (ovine), CroFabV

R

), 4 (3.9%) received a
mean of 20 total vials of F(ab’)2 (Crotalidae Immune F(ab0)2
(equine), AnavipV

R

), and 3 (2.9%) received an average of 16 total
vials of both types of antivenom. Annually the number of non-
fasciotomy snakebite exposure cases (n ¼ 17,016) increased,
while the fasciotomy snakebite exposure cases decreased by
60%. Fifteen (12.8%) fasciotomies were performed in 2004
(P< 0.0001), followed by an average of six per year. The relative
risk of receiving a fasciotomy after a snakebite was 3.6 times
higher if it occurred in 2004 compared to later years.
Conclusions: In our state fasciotomy for crotaline snakebite was
uncommon and has declined since 2004. Concerningly, not all
fasciotomy patients received antivenom.
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274. The true "CO"st of red meat

Elizabeth Silvera, Lisa Ollera, Allyson Briggsb, Stephen
Thorntona and Richard Deitzc
aKansas Poison Center at The University of Kansas Health System;
bUniversity of Kansas School of Medicine; cDepartment of
Emergency Medicine, The University of Kansas Health System

Background: Carbon monoxide (CO) is a colorless, odorless, and
tasteless gas produced by the incomplete combustion of carbon-
based fuels. In meat packaging, it is used to preserve color and

extend the shelf life by altering the composition of the gas sur-
rounding the meat to slow down spoilage and maintain its visual
appeal. This is referred to as modified atmosphere packaging.
We describe a series of 16 patients from a workplace carbon
monoxide exposure at a meat packaging facility.
Case series: Emergency response was dispatched to a local meat
packaging facility at 13:46 after workers were exposed to a
“chemical” resulting in multiple syncopal events within
20minutes. Incident command was established and the first
reading of CO at the building’s entrance was 123 parts per mil-
lion (ppm). The production room, where the CO originated, had
immeasurable levels of þ499ppm. The building was evacuated,
ventilated, and the source identified. The incident was resolved
at 16:43 with production room CO reading at 26ppm. Sixteen
patients were transported to an emergency department for treat-
ment of CO poisoning. The poison center was contacted at 14:32
upon arrival of the first patient, and recommendations were
made regarding labs, monitoring parameters, and keeping all
patients on 100% oxygen via non-rebreather or high-flow nasal
cannula. Everyone received 100% oxygen, EKGs and troponins
were normal, and only patient #13 had an elevated lactate of
4.3mmol/L. Eight patients were considered high risk for delayed
neurologic sequelae and received HBO. As chambers were lim-
ited, two patients needed to be transferred to receive HBO in a
timely manner. All patients’ symptoms resolved either by dis-
charge or by the end of their first HBO session.
Discussion: Carbon monoxide is responsible for hundreds of
deaths and tens of thousands of ED visits each year in the
United States. Most occupational exposures to CO occur in prox-
imity to the burning of a carbon-containing fuel; this exposure
was in an environment that purposefully utilized CO in opera-
tions, one that is rarely considered as source of CO exposure.
OSHA’s permissible exposure limit is 50 ppm as an 8-hour time-
weighted average. In this event, the measured CO exceeded the
range of the fire department’s detector (maxed at 499ppm) but
considering the workers in the production area developed symp-
toms rapidly (under 30minutes), it is likely levels were as high as
2500–3000ppm. Though it was known CO was being used at
this plant, there is no evidence that CO detectors were in place.
The resulting mass casualty incident stressed the local hospital’s
capacity. Specifically, while the accepting facility did have HBO
chambers, the large number of patients was more than the hos-
pital could dive within a reasonable window, requiring adequate
communication and coordination for transfer.
Conclusions: Carbon monoxide is an important and underappre-
ciated occupational exposure risk for workers in the meat pack-
aging industry that has the potential to cause mass casualty
incidents that warrant specific preparation.
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275. A case of severe lead
encephalopathy with cardiac arrest
managed during a chelation shortage

Damilola Idowua, Zachary Grayb, Matthew Stantonc

and David Gummind
aDepartment of Emergency Medicine, Division of Medical
Toxicology, Medical College of Wisconsin; bDepartment of
Pediatrics, University of Wisconsin School of Medicine and Public
Health; cFroedtert and the Medical College of Wisconsin;
dWisconsin Poison Center

Background: For many years, the standard of care in the United
States has been to treat acute lead encephalopathy with a com-
bination of intramuscular (IM) dimercaprol (BAL) and IM or
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intravenous (IV) CaNa2EDTA. FDA-approved CaNa2EDTA remains
on long-term shortage, and the sole US manufacturer of BAL
ceased operations earlier this year. Few reports offer safe and
effective chelation alternatives when circumstances preclude the
use of the standard 2-drug chelation. We present a case of a
pediatric patient with severe lead encephalopathy, complicated
by cardiac arrest, who was treated with an alternative regimen
when CaNa2EDTA was unavailable.
Case report: A 24-month-old male presented to an emergency
room (ER) with new onset seizures and depressed mental status.
He was intubated on arrival to the ER. During intubation, he sus-
tained a cardiac arrest and required multiple rounds of CPR
before achieving ROSC. His post-ROSC vital signs were as follows:
BP 92/41mmHg; HR 104 bpm; T 99.1� F; O2 Sat 100% (on 40%
FiO2). A head CT was unremarkable. A CT of his abdomen noted
radiopaque materials in the small bowel. Laboratory analysis was
significant for a hemoglobin of 5.7mcg/dl, iron concentration of
54mcg/dl, and basophilic stippling on a peripheral smear. The
medical toxicology service recommended whole bowel irrigation
and empiric chelation with BAL and CaNa2EDTA, pending results
of a venous blood lead level. Unfortunately, the hospital was
unable to obtain CaNa2EDTA due to the nationwide shortage.
Compounding of CaNa2EDTA was recommended but it was ini-
tially not permitted due to a hospital restriction. For this reason,
IM BAL and succimer (via nasogastric tube) was recommended.
The initial blood lead concentration returned after several days’
delay at 263mcg/dl with an elevated zinc protoporphyrin. The
patient was chelated with BAL IM for twelve days and succimer
for 28 days. He received a second five-day course of BAL due to
rebounding blood lead concentrations. Permission was eventually
received to compound and administer CaNa2EDTA. He remained
encephalopathic even after receiving CaNa2EDTA and he had
spastic hypertonia throughout. He was successfully extubated on
hospital day 10. An MRI obtained on hospital day 6 was suggest-
ive of anoxic leukoencephalopathy. He was ultimately discharged
with a blood lead concentration of 46.2mcg/dl and was contin-
ued on succimer by gastric tube as an outpatient.
Discussion: The combination of succimer and BAL was effective
in rapidly decreasing whole blood lead concentrations.
Expectedly, rebounding of whole blood lead concentrations were
noted in the time periods where succimer was used alone after
BAL was discontinued. Our patient had no significant improve-
ment in encephalopathy with this combination therapy but his
course was complicated by anoxic brain injury which likely con-
tributed to his encephalopathy.
Conclusions: Drug shortages continue to have significant impli-
cations for the management of poisoned patients. This case high-
lights how shortages of chelating agents dramatically complicate
patient care.
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276. Treatment of ocular palytoxin
exposure with minimal injury despite
high ocular pH

Annabelle Croskey, William Trautman,
Joshua Shulman and David Barton
UPMC

Background: Palytoxin (PTX) is an extremely potent marine toxin
capable of causing severe illness or death in humans. In marine
species, the toxin functions as a chemical defense that inhibits
the sodium-potassium ATPase thereby disrupting ion gradients,
causing profound vasoconstriction, and leading to cell death; cor-
neal epithelium is particularly susceptible to these toxic effects.

Ocular exposure to PTX can present with pain and conjunctival
irritation and may progress to keratoconjunctivitis, iritis, or cor-
neal perforation.
Case report: An otherwise healthy 27-year-old contact lens wear-
ing male presented to the ED approximately 1 day post ocular
exposure to PTX from coral in his home aquarium. He experi-
enced immediate burning eye pain, blurred vision, and progres-
sive conjunctival injection and edema. Following the exposure,
the patient dabbed the eye with a damp towel, removed his
contact lens, and went to sleep. He presented to the ED the sub-
sequent evening. Ophthalmology was consulted and the patient
was found to have 2þ conjunctival injection, visual acuity of 20/
50, and a pH of 9 in the affected eye. Intraocular pressure, visual
fields, anterior and posterior examinations were normal, and
there was no evidence of corneal defect. The patient’s eye was
irrigated with 5 L of NS using Morgan Lens with improvement in
the pH to 7–8. Following irrigation, ocular lubricant drops, pred-
nisolone drops, and erythromycin ointment were applied. The
patient was discharged home with prescriptions for each of these
medications and a plan to follow up in the cornea clinic in 1–2
days. On patient follow up, he reported completion of the pred-
nisolone and erythromycin drops although he did not follow up
with ophthalmology. He endorsed complete symptom resolution
and a return to baseline visual acuity by 3 days post discharge.
Discussion: This case details the clinical course and treatment of
an ocular PTX exposure with an initial pH that was higher than
others previously documented in the literature. It is unclear if
this alkalinity represents a higher toxic exposure, or if other fac-
tors such as contact lens usage or prolonged time to presenta-
tion, could have contributed. Regardless, early irrigation and
normalization of ocular pH is crucial to remove as much residual
toxin as possible and to prevent further cornea damage.
Although topical steroids can contribute to delayed corneal heal-
ing, anti-inflammatory effects appear to prevent the progression
to corneal perforation. In addition, topical antibiotics are import-
ant in cases of PTX exposure in preventing secondary bacterial
infections. Despite a delay to presentation and an elevated pH
on presentation, this patient obtained a positive clinical outcome
with appropriate treatment.
Conclusions: PTX is a toxic compound that can cause severe
ocular damage. This toxin can be found in a variety of marine
corals, and poses an underrecognized risk to unsuspecting home
aquarium enthusiasts. In this case, a delay to care did not lead to
poor outcomes once treatment was initiated. Further the degree
of alkalinity associated with the exposure does not appear to cor-
relate with the severity of the toxicity.
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277. Stingray injuries treated at
emergency departments

Johanne Freemana, Enrique Castro Roblesa,
Ivan Barinasa, Anelle Mendeneza, Orlando Llerenaa

and Mathias Forresterb
aNTPC; bIndependent Researcher

Background: Stingrays are large, flat fish with whip-like tails
found in the shallow intertidal areas of tropical to warm temper-
ate oceans. One to two dozen stingray species are found along
the United States (US) coast. Stingrays have one or more venom-
ous, serrated barbs on the dorsal aspect of their tails. Stingray
injuries typically induce immediate intense pain, edema, discolor-
ation, and bleeding. Systemic clinical effects may include nausea,
vomiting, diarrhea, headache, fever, chills, seizures, generalized
edema, muscle cramping, tremors, weakness, limb paralysis,
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hypotension, bradycardia, convulsions, and syncope. The object-
ive of this study was to describe stingray injuries treated at US
hospital emergency departments (EDs).
Methods: Data were obtained from the National Electronic Injury
Surveillance System (NEISS), a database of consumer product-
related injuries collected from a representative sample of
approximately 100US hospital EDs. National estimates are calcu-
lated from database records according to the sample weight
assigned to each case based on the inverse probability of the
hospital being selected for the NEISS sample. To identify stingray
injuries reported during 2000–2021, all records with the letter
combinations "sting" and "ray" mentioned in the narrative were
reviewed, and those that appeared to be stingray injuries were
included in the study. The distribution of estimated stingray inju-
ries was determined for various factors.
Results: A total of 1,009 stingray injuries were reported to a sam-
ple of US hospital EDs during 2000 – 2021, resulting in an esti-
mated 66,894 such injuries. The mean estimated annual number
of stingray injuries was 8,750 during 2000 – 2005, 1,473 during
2006 – 2011, 517 during 2012 – 2016, and 595 during
2017–2021. There were 3,976 (5.9%) estimated injuries reported
during December - February, 17,961 (26.8%) during March – May,
27,403 (41.0%) during June – August, and 17,554 (26.2%) during
September – November. The activity associated with the stingray
injury was 57,105 (85.4%) swimming, 7,191 (10.8%) fishing, 1,434
(2.1%) surfing and related activities, 616 (0.9%) other, and 548
(0.8%) unknown. Patient age distribution was 1,029 (1.5%) 0 – 5
years, 6,949 (10.4%) 6 – 12 years, 8,657 (12.9%) 13 – 19 years,
9,722 (14.5%) 20 – 29 years, 11,626 (17.4%) 30 – 39 years, 13,408
(20.0%) 40 – 49 years, 8,477 (12.7%) 50 – 59 years, 5,317 (7.9%)
60 – 69 years, 1,573 (2.4%) 70 – 79 years, and 136 (0.2%) 80þ
years; 40,929 (61.2%) patients were male and 25,965 (38.8%)
were female. The incident location was 52,998 (79.2%) place of
recreation or sports, 12,995 (19.4%) other public property, 166
(0.2%) home, 68 (0.1%) street or highway, and 668 (1.0%) not
recorded. Patient disposition was 66,305 (99.1%) treated or exam-
ined and released, 492 (0.7%) treated and admitted for hospital-
ization, 6 (0.0%) held for observation, and 91 (0.1%) left without
being seen/against medical advice. The most frequently reported
diagnoses were 59,814 (89.4%) puncture, 1,924 (2.9%) laceration,
and 1,446 (2.2%) foreign body. The affected body part was
59,119 (88.4%) lower extremity, 7,097 (10.6%) upper extremity,
600 (0.9%) trunk, and 78 (0.1%) other/unknown.
Conclusions: Stingray injuries were seasonal, with the highest
proportion occurring in June–August. Patients 20–49 years
accounted for 52.0% of the estimated injuries, and most patients
were male. The majority of patients were treated or evaluated at
the ED and released.
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278. Sudsy misadventures: profound
metabolic acidosis following
intentional ingestion of surfactant-
containing products in adults

Kennedy Joseph, Daniel Bak and Laurel Plante
University of Vermont Medical Center

Background: Ingestion of surfactant-containing products and
detergents are a source of common consultation for toxicologists.
While occasionally problematic in children, they are generally
benign in adults. This case highlights two presentations of pro-
found metabolic acidosis associated with soap product ingestion.
Case series: Case 1: A 52-year-old male with a remote history of
liver transplantations, on immunosupressants presented to the

emergency department (ED) three hours after ingesting 16 oun-
ces of TideTM high-efficiency laundry detergent, whiskey, and one
beer in a suicide attempt. Over the next four hours in the ED, he
developed a metabolic acidosis with a serum pH of 7.02, bicar-
bonate of 11mmol/L, and lactic acid of 11.1mmol/L. Laboratory
testing for toxic alcohols was negative; tacrolimus concentration
was within normal limits. Flatulence and eructation with a char-
acteristic laundry detergent smell were present until the patient
was ultimately intubated for declining mental status. Computed
tomography of the abdomen demonstrated diffuse mucosal
small bowel and colonic enhancement consistent with acute,
severe inflammation. Despite resuscitation and eventual continu-
ous renal replacement therapy (intermittent dialysis attempted
but unable to complete secondary to shock), his acidosis wors-
ened and he ultimately died. Case 2: A 33-year-old woman con-
sumed 2=3 of a gallon of SoftsoapTM Advanced Clean hand soap
(containing amide oxide surfactants) in search of ethanol, ultim-
ately presenting to the emergency department mottled and ill
appearing, with more than thirty episodes of sudsy and frothy
soap-scented diarrhea. Exam revealed obtundation, motting, and
initial BP of 50/30mmHg and a patient covered in soapy, frothy
emesis. Ethanol and toxic alcohol concentrations were undetect-
able. Venous pH nadired at 7.09, and laboratory investigations
further revealed prerenal azotemia with bicarbonate nadir of
12mmol/L and creatinine of 2.2mg/dL. Aggressive administration
of isotonic bicarbonate and three liters of lactated ringers with
the use of norepinephrine for distributive shock ultimately cor-
rected the acidosis and hemodynamic instability in approximately
six hours.
Discussion and conclusions: Ingestion of surfactants including
ethoxylated alcohols and amide oxides can result in profound
metabolic acidosis from gastrointestinal losses, irritant inflamma-
tion leading to third spacing, and various other mechanisms. The
optimal resuscitation strategy is not well defined but may include
the use of crystalloids, vasopressors, and extracorporeal removal
of endogenously produced organic acids. Toxicologists should be
vigilant for rapid progression of a metabolic acidosis in these
ingestion scenarios.
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279. They may be rare, but are they
definitely scary? A case series of 5-
fluorouracil and capecitabine
managed by a regional poison center

Paul Ehlersa, Eric Schultzb, Michael Wahlb and
Sean Bryantb
aToxikon Consortium, Chicago, IL, USA; bIllinois Poison Center,
Chicago, IL, USA

Background: 5-fluorouracil (5-FU) is a fluoropyrimidine anticancer
drug that inhibits thymidylate synthase, preventing the production
of nucleic acids essential for DNA replication and repair, which
ultimately inhibits RNA and DNA synthesis. 5-FU also can be incor-
porated in place of uracil or thymidine, compromising genomic
function. Capecitabine is an orally bioavailable prodrug to 5-FU.
Toxicity can develop after overdose (due to therapeutic error, self-
harm, or exploratory ingestion) or can occur after therapeutic dos-
ing in patients with a genetic predisposition. Uridine triacetate (UT)
is an oral antidote that may improve survival in fluoropyrimidine
toxicity. UT is a pyrimidine analog that competitively antagonizes
the effects of 5-FU or capecitabine. It was FDA approved in 2016
based on two unpublished open-label studies. The indications for
UT are not well-defined, but one group has published a nomogram
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based on the total dose (in mg) and the dosage rate (in mg/hr). UT
is expensive ($75,000 per course) and has not been compared pro-
spectively to standard of care. The goal of this case series is to
describe the 5-FU and capecitabine cases reported to our regional
poison center (RPC).
Methods: We queried parenteral 5-FU and all capecitabine cases
reported to our RPC from 1 January 2010 through 31 December
2022. Data of interest included demographics, intent, dose, num-
ber of pump malfunctions, UT utilization, oncology collaboration,
use of the nomogram, and outcome.
Results: Fifteen cases of 5-FU or capecitabine toxicity were
reported to the RPC, eight 5-FU & seven capecitabine. Ages
ranged from 21 months to 81 years. For 5-FU cases, the majority
were therapeutic errors with 3 patients having pump malfunc-
tions. The majority of capecitabine patients (6, 75%) took extra
doses inadvertently. One pediatric patient (21 months) potentially
ingested up to 15 capecitabine 500mg tablets belonging to the
grandmother. Doses ranged from 1800 to 7240mg for 5-FU and
500 – 7500mg for capecitabine. UT was administered 4 times
(three 5-FU and once for the pediatric capecitabine patient).
Oncology collaboration occurred 11 times and included all
patients receiving UT. The published nomogram relating dose and
infusion rate to estimate risk was referred to in 50% of 5-FU cases.
The nomogram predicted severe toxicity or lethality for all pump
malfunction cases. Of the four patients in which the nomogram
recommended UT, three received it. The fourth patient suffered
minor effects only. No fatalities occurred in this series, although
one patient (an inadvertent large 5-FU overdose after pump mal-
function who received UT) developed myelosuppression.
Conclusions: 5-FU and capecitabine cases are rarely reported to
our RPC. Oncological collaboration was requested in 73% of cases,
ranging from requesting follow-up to UT administration.
Oncologists may be managing these cases independently, as no
oncologist called for medical toxicology input. UT was used select-
ively in our series. Referencing the published nomogram was use-
ful to determine when UT was recommended. The cases with the
highest predicted toxicity occurred as a result of pump malfunc-
tions, generally received UT, and generally had favorable
outcomes.
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280. Acute respiratory distress
syndrome secondary to occupational
chlorine gas exposure

Kalah Eltagondea, Briana Millerb, Sukhshant Attib,
Cristal Ballengera and Erin Ryana
aAlabama Poison Information Center; bUniversity of Alabama at
Birmingham

Background: Chlorine gas is an intermediately soluble pulmon-
ary irritant which when inhaled creates a spectrum of upper and
lower respiratory tract symptoms depending on the concentra-
tion and volume of exposure. We report a severe case of occupa-
tional exposure to chlorine gas.
Case report: A previously healthy 48-year-old male was found
down at water treatment plant after copious chlorine gas and
industrial bleach exposure for an unknown length of time. Per
EMS the patient’s oxygen saturation was 58% on room air which
improved to 86% on 15 L oxygen via non-rebreather mask. He
was not decontaminated on scene and was wearing porous gar-
ments saturated with the chemical creating ongoing exposure.
Upon arrival to a small community emergency department (ED),
the patient was in respiratory distress with hypoxia, tachypnea,

bilateral coarse breath sounds, crackles, and end expiratory
wheezing. Initial need for decontamination was complicated by
the patient’s simultaneous critical care needs. He was taken to a
patient care area to be placed on BiPAP for pre-oxygenation
before transport to the decontamination room for garment
removal and water irrigation. After decontamination, the patient’s
oxygen saturation remained in the 80’s and the patient was intu-
bated; copious frothy secretions, airway edema, and broncho-
spasm complicated the procedure. The patient developed acute
respiratory distress syndrome (ARDS) requiring 100% FiO2 and
PEEP of 16 to maintain oxygen saturation > 90% and vasopres-
sors were needed for post-intubation hypotension. Initial chest
radiography demonstrated bilateral interstitial infiltrates. Labs
showed a pH of 7.15, lactate of 10.3mmol/L, and leukocytosis. In
the intensive care unit, nebulized sodium bicarbonate therapy
was administered every 6 hours for the first 24 hours, in addition
to corticosteroids and bronchodilators with worsening bilateral
lung infiltrates on chest radiography. Attempts to transfer for VV-
ECMO evaluation were unsuccessful. As the patient gradually
improved and ventilator settings were being weaned the patient
self-extubated on day 7. He was quickly reintubated given inabil-
ity to tolerate BIPAP. He was successfully extubated on day 9
and continued to receive bronchodilators and supplemental oxy-
gen until discharge to an inpatient rehabilitation facility on
day 16.
Discussion: Chlorine gas reacts with water in the respiratory
tract to form both hypochlorous and hydrochloric acids as well
as reactive oxygen species. Nebulized sodium bicarbonate is pro-
posed as a therapy to neutralize acids formed after inhalation.
This therapy is likely futile in high volume and high concentra-
tion exposures, as demonstrated in this patient. While decontam-
ination is important in chemical exposures, there can be discord
between theories of ideal hospital-based decontamination and
practicality at a small community ED, where even a single chem-
ical casualty scenario can overwhelm the hospital. Using an ‘as
low as reasonably achievable’ approach to decontamination tech-
niques is preferred in such scenarios, like simply disrobing the
patient prior to entry into patient care areas. It also cannot be
assumed that pre-hospital decontamination will be performed.
Conclusions: Severe chlorine gas exposures can lead to rapid
development of ARDS where nebulized sodium bicarbonate may
be futile in such patients with significant exposures.
Decontamination challenges may arise in chemical exposures.

KEYWORDS Chlorine gas; acute respiratory distress syndrome;
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281. Successful treatment of Echis
carinatus sochureki envenomation
with Inoserp Pan-Africa antivenom

Mary Larka, Jarratt Larka and Nicklaus Brandehoffb
aGrand Strand Medical Center; bRocky Mountain Poison and Drug
Center

Background: Echis carinatus sochureki, a subspecies of saw
scaled viper, is a venomous snake endemic to India. In its native
range, envenomations by E. c. sochureki are often treated with
Indian polyvalent antivenom. However, there have been multiple
cases reported in the literature of E. c. sochureki envenomations
causing venom induced consumptive coagulopathy with poor
response to Indian polyvalent antivenom. In this case report, we
detail successful treatment of envenomation by E. c. sochureki
with Inoserp Pan-Africa.
Case report: A 44 year old Caucasian male presented to an out-
side facility after he was bitten on the left index finger at 1200
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by his saw-scaled viper, Echis carinatus sochureki. He was trans-
ferred to our facility for management. After arrival to our emer-
gency department, the patient reported a hemorrhagic bulla and
swelling in the affected finger as well as pain radiating up the
left arm. No vials of Inoserp MENA, which specifically treats
envenomation by E. c. sochureki, were available locally. The deci-
sion was made to treat the patient with Inoserp Pan-Africa,
which was available locally, and which treats bites by three
related species of Echis. Notably, this patient had received
CroFabV

R

five years prior for another snake bite. After infusion of
2 vials of Inoserp Pan-Africa was initiated, the patient began to
experience itching in the armpits and groin, as well as a non-
pruritic facial rash and chest pressure. However, he denied short-
ness of breath or wheezing. The infusion was stopped and the
patient was given 50mg diphenhydramine and 125 methylpred-
nisolone. The infusion was later resumed, and the patient toler-
ated it well. A second round of 2 vials of antivenom was given
at 0300 on hospital day 2 after evaluating the patient’s coagula-
tion labs. The morning of hospital day 3, the patient reported
complete resolution of all symptoms except for the hemorrhagic
bulla on his finger and his labs had displayed improvement. He
was subsequently discharged. Labs obtained on day 8 of illness
demonstrated further normalization of his coagulation factors.
Discussion: Echis carinatus sochureki bites are an important cause
of medical morbidity and mortality. Indian polyvalent antivenom,
often used for bites by this snake, does not always reverse the
consumptive coagulopathy caused by the venom. Though
Inoserp Pan-Africa is not specifically approved for treatment of E.
c. sochureki envenomation, it effectively reversed this patient’s
coagulopathy. Also of note is that this patient developed an aller-
gic reaction to the antivenom. If this happens, the infusion should
be temporarily stopped, and medication for anaphylaxis given if
needed. Infusion should then be restarted at a slower rate.
Conclusions: Echis carinatus sochureki bites are an important
cause of morbidity and mortality in the snake’s native habitat.
Indian polyvalent antivenom, commonly used for envenomations
by this subspecies, does not always reverse the coagulopathy
caused by envenomation. In addition to Inoserp MENA, Inoserp
Pan-Africa is a potential treatment option.
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282. “False death cap” almost
becomes “true death cap” - a case
demonstrating the importance of
species identification in Amanita
mushroom ingestion

Carrie Oaklanda, Robert Pueringerb, Jon Colea,
Elisabeth Bildenb and David Gumminc
aMinnesota Poison Control System; bEssentia Health; cWisconsin
Poison Center

Background: Mushroom identification of Amanita species is critical.
For instance, Amanita citrina mushrooms contain muscimol and ibo-
tenic acid. Expected toxicity would include hallucinations and seiz-
ure, while numerous Amanita species contain RNA-polymerase-
inhibiting cyclopeptides and may result in hepatotoxicity. Amanita
citrina shares physical characteristics with cyclopeptide-containing
Amanita species and is known as the “false death cap.” We present
a case of severe hepatotoxicity after a mushroom ingestion initially
identified as A. citrina that was likely misidentified.
Case report: A 65-year-old male ingested an unknown number
of foraged mushrooms approximately two days before arrival at
the hospital. Nausea, vomiting, and diarrhea started 6.5 hours

after ingestion. Shortly after ED arrival, the Poison Center (PC)
was consulted and recommended mycologist identification. Law
enforcement went to the patient’s home to take photos of the
mushrooms, and the mycologist later identified the photos pre-
liminarily as Amanita citrina. Prior to identification, PC recom-
mended to trend transaminases and INR. Initial labs were: AST ¼

25 IU/L, ALT ¼ 39 IU/L; acetaminophen was undetectable.
Twenty-four hours later transaminases increased: AST ¼ 707 IU/L,
ALT ¼ 652 IU/L. Nausea persisted, but he was otherwise feeling
well. The patient never described hallucinations. Seizures were
not observed. Within the first 24 hours of hospital presentation,
he received four doses of multiple-dose activated charcoal, intra-
venous N-acetylcysteine, and one dose of 100,000 units of peni-
cillin. Given the clinical trajectory, he was transferred to a liver
transplant center. On hospital day (HD) 2, transaminases wors-
ened: peak AST ¼ 6,471, ALT ¼ 7,480 IU/L, INR 2.08. Renal func-
tion remained normal. N-acetylcysteine was infused until HD4,
when transaminases improved (AST ¼ 932, ALT ¼ 4,415 IU/L and
INR 1.47). Symptoms resolved and he recovered without seque-
lae. After case conclusion, the photos were sent to a second
mycologist who could not definitively identify the mushrooms.
This mycologist thought A. citrina was unlikely and that a cyclo-
peptide-containing Amanita species was more likely, with the
caveat that definitive identification could not be confirmed with-
out a microscopic examination.
Discussion: Amanita citrina shares physical characteristics with
cyclopeptide-containing Amanita species. Along with the annulus
and volva, A.citrina is a fleshy-pale yellow (or white) mushroom,
similar to Amanita bisporigera and virosa. Our patient developed
signs and symptoms of cyclopeptide poisoning, but not those
consistent with ibotenic acid or muscimol poisoning. It is likely
that he was poisoned with either Amanita bisporigera or virosa.
This case highlights potential pitfalls of mushroom identification.
First, the mushroom identified is often not the mushroom con-
sumed by the patient. Secondly, mushrooms are occasionally
identified by someone returning to the scene of foraging and
either taking a photo or procuring a second mushroom. In both
cases this is not the mushroom consumed by the patient and
could mislead caregivers as multiple species can grow in close
proximity. Finally, unlike other medical subspecialties, PC mycolo-
gists do not have training per PC accreditation requirements, and
interrater reliability among PC mycologists is poorly studied.
Conclusions: Amanita citrina, the "false death cap", may be mis-
taken for a cyclopeptide-containing Amanita mushroom, such as
Amanita bisporigera or virosa. In equivocal cases, a cyclopeptide-
containing mushroom should be assumed and treated accordingly.
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283. East Palestine, Ohio train
derailment and chemical release
disaster, February 2023

Alysha Behrmana, Jonathan Colvina, Sheila
Goertemoellera, Shan Yina, Marcel S Casavantb,
Hannah Haysb, Joshua Shulmanc, Natalie Rineb and
Amanda Korenoskic
aCincinnati Drug and Poison Information Center; bCentral Ohio
Poison Center; cPittsburgh Poison Center

Background: On 3 February 2023, a 149 car Norfolk Southern
train derailed in East Palestine, Ohio due to an overheated wheel
bearing. Thirty-eight railcars derailed, of which 11 containing haz-
ardous chemicals ignited, damaging 12 non-derailed cars. The
derailed cars contained vinyl chloride, ethylene glycol monobutyl
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ether acetate, 2-ethylhexyl acrylate, isobutylene, n-butyl acrylate,
and benzene. A 1-mile evacuation zone was implemented. Rising
temperatures in 5 adjacent derailed tank cars carrying 115,580
gallons of vinyl chloride posed an explosion hazard. The evacu-
ation zone was expanded, and a controlled vent and burn of the
vinyl chloride occurred on February 6th. The lack of vinyl chloride
detection supported safe air quality for residents to return on
February 8th. Increased levels of particulate matter and smoke
were however confirmed. Regional poison control centers (PCC)
in Ohio and Pennsylvania began receiving calls on February 6th
from patients and providers. America’s Poison Centers (APC)
issued an emergent product code to track all train derailment
disaster calls on February 14th. Ongoing collaboration was initi-
ated among public health partners to align resources and formu-
late best practices. Inclusion criteria for analysis was all calls
reported to the National Poison Data System (NPDS) coded with
the product code 7769528. Data extracted included patient age,
gender, reason for exposure, management site, clinical effects,
treatment, and medical outcome. In addition, all case narratives
were reviewed. Data were analyzed by descriptive statistics.
Case series: A total of 261 documented cases were identified
across 14 states of which 191 were exposures between 2/6/23
and 4/26/23. Most exposures reported were in adults (78%) and
58% were female. The primary route of exposure was inhalation
(86%) followed by ingestion (19%) and dermal (14%). The major-
ity (75%) were exposed in their own residence. Symptoms
reported by order of incidence were headache, throat irritation,
cough, ocular irritation, dyspnea, vomiting, nausea, dizziness,
mild central nervous system depression, oral irritation, rash, diar-
rhea, chest pain and dermal irritation. Most exposures were not
followed (63%) and of the known outcomes most were minor
(14%), or moderate (11%) with 1 major outcome reported.
Approximately 68% were seen in a healthcare facility.
Discussion: Callers inquired about symptoms they were experi-
encing as well as general questions regarding air quality, public
water safety, personal well water safety, concerns about pets, live-
stock and agriculture. Callers often expressed concerns over lack
of reliable information and difficulty trusting the various agencies
that responded to the disaster. Healthcare providers asked for
information on treatment including information on diagnostic
tests, lab values and specific testing for chemicals. In addition,
public health officials asked the regional Poison Centers to help
gather information from callers for the After Chemical Exposure
(ACE) survey to help supplement their door-to-door efforts.
Conclusions: Poison control centers play an immediate and vital
role in disaster management. The general public and healthcare
providers sought treatment recommendations and other informa-
tion from PCCs following this environmental disaster. In addition to
providing treatment recommendations, data collected by regional
Poison Control Centers was critical in public health surveillance.
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284. Seven year analysis of sea
surface temperatures and frequency
of pelagic cnidarian stings reported to
a single poison center

Karen Muschlera, Aria Ganz-Wapleb,
Christopher Hoytea and Lesley Pepina
aRocky Mountain Poison Center/Denver Health; bAscension St.
John Emergency Medicine Residency

Background: Deaths associated with Physalia physalis
(Portuguese Man-O-War), are rare. Stings from Physalia generally

cause morbidity in the form of irritating, slow-to-heal dermal
lesions. Over the last fifteen years, the free-floating Physalia has
spread widely into new waters. This is thought to be a manifest-
ation of increasing sea surface temperatures. The purpose of this
study was to evaluate reports of Physalia stings associated with
measured sea surface temperatures reported to a regional poison
center.
Methods: All cases involving marine animal bites and stings
from Hawai’i reported to a single poison center from 2010 to
2022 were identified and evaluated. Cases without a listed spe-
cies, those coded as terrestrial animals, corals, other non-jellyfish/
non-siphonophore animals were excluded. Sea surface tempera-
tures were obtained from the Pacific Islands Ocean Observing
System (PacIOOS) Regional Ocean Monitoring System (ROMS),
University of Hawai’i. PacIOOS ROM has retrievable water tem-
perature data available from April 2015 – present.
Results: Two hundred thirteen cases were identified in 2010 –

2022 with 120 cases between 2015 and 2022. On average, 13
stings per month were reported with significant monthly variabil-
ity. Fifty-eight of these cases were specifically coded as Physalia
species. Annual water temperature in the seven-year study
period was 25.9 �C, Tmin 25.54 �C – Tmax 26.4 �C. There is a statis-
tically significant (P ¼ 0.039) correlation between monthly water
surface temperature and occurrence of Physalia stings; this correl-
ation does not exist when all stings are considered.
Conclusions: There is a correlation between sea surface tempera-
ture and incidence of Physalia stings (but not Scyphozoan or
Cubozoan stings) as reported to a single PC. On average 17.8
stings are reported per month over the study period with 28% of
them associated with Physalia. One limitation is underreporting
of stings reported as they are minor, daily occurrences for
Hawaiian citizens and physicians. Hawai’i has profoundly unique
ecology: land and water temperatures around Hawaii remain
relatively constant throughout the year thanks to unique oceano-
graphic features. Changes in water and land temperatures alter
winds which may blow Physalia into new areas. Physalia is not
the only toxic oceanic organism of concern. Phytoplankton
develop into Harmful Algal Blooms (HABs) that have exploded in
size and frequency in recent years. Ongoing study of sea tem-
perature changes will be of continued importance to
toxicologists.
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285. Efficacy and impact of a medical
toxicology rotation at a regional
poison center: an assessment of
virtual and in-person learning
curriculums

Emma R. Furlanoa, Joshua Bloomb, Lauren Schwartzc,
Timothy C. Backusd and Mark K. Suc
aDepartment of Emergency Medicine, Albany Medical College,
Albany, NY, USA; bRonald O Perelman Department of Emergency
Medicine, NYU Grossman School of Medicine, New York, NY, USA;
cNew York City Department of Health and Mental Hygiene, New
York City Poison Center, New York, NY, USA; dDepartment of
Emergency Medicine, Mohawk Valley Health System, Utica,
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Background: Regional poison centers (PCs) are a source of high-
quality toxicology education for learners in pharmacy and med-
ical disciplines by offering medical toxicology (MT) rotations. Our
PC has had an in-person MT rotation for over 30 years. However,
in March 2020, the in-person rotation was stopped to comply
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with SARS-CoV-2 pandemic restrictions. The rotation restarted vir-
tually in October 2020, then converted back to an in-person rota-
tion in July 2022. We designed a prospective survey study to
assess the efficacy and impact of the virtual and in-person
curriculums.
Methods: This prospective survey study of learners at our PC
assesses our virtual and in-person MT rotation from October
2020 – June 2022 and July 2022 – present. Both rotations were
held daily from 9AM to 3PM, Monday – Friday. Both curriculums
included small group teaching by MT fellows, didactics (core lec-
ture series, regional toxicology conference, and journal club), and
case-based afternoon faculty teaching. Online surveys were
solicited from the learners (via AlchemerV

R

) prior to the rotation
start (“PRE”) and after the rotation (“POST”). The survey process
of soliciting PRE and POST remained consistent between rota-
tions. However, while all learners were asked to complete both
surveys, responses were not linked. The PRE and POST surveys
included questions with Likert scale, multiple choice, and open-
ended responses. A HIPAA-compliant WebEx program was used
for virtual teaching. This was an IRB-exempt study as determined
by our institution.
Results: A total of 238 PRE responses (186 [virtual], 97 [in-per-
son]); 174 total POST responses (136 [virtual], 38 [in-person])
were collected from 6 different US states, Canada, and the
United Arab Emirates. Virtual rotation data collection occurred
over 22 months, and in-person rotation occurred over nine
months so far. Most survey respondents were emergency medi-
cine residents; other specialties represented included pediatrics,
pediatric emergency medicine, and internal medicine. Both PRE
and POST participants were asked how competent they feel
managing toxicology cases (“not,” “somewhat,” “competent,” or
“highly”); PRE rotation 17% (virtual) and 14% (in-person)
responded highly or competent; POST rotation, 67% (virtual),
76% (in-person) responded highly or competent. PRE rotation,
20% (virtual) and 19% (in-person) reported they were “not com-
petent”; POST rotation, 3% (virtual) and 0% (in-person) reported
this. The highest yield aspects of the rotation for POST respond-
ents were MT faculty teaching (41% virtual, 45% in-person) and
fellow interactions (40% virtual, 26% in-person). Based on the
POST, 90% (virtual), 100% (in-person) participants rated the rota-
tion as “very effective” or “effective”. Only 21% (virtual)/19% (in-
person) of PRE respondents reported contacting their regional PC
“frequently.” In the POST survey, 74% (virtual), 87% (in-person)
said they were “highly likely” to contact their regional PC for
toxicology cases.
Conclusions: Based on this survey study performed in both the
virtual and in-person settings, our MT rotation appears to be effi-
cacious and positively impactful regardless of setting. It improved
learners’ self-perceived competence in MT and may improve
regional PC case reporting. Further study is necessary to deter-
mine whether these effects are long-lasting and whether the for-
mat of the MT rotation (virtual vs. in-person) matters for these
outcomes.
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Background: Tolfenpyrad, a pyrazole-5-carboxamide derivative,
is a relatively new class of insecticides developed in Japan and
first approved in 2002. To date, it has been available in many
countries including the United States of America and Thailand.
Tolfenpyrad acts as an inhibitor of Complex I of the mitochon-
drial respiratory chain in animal models, which makes it effective
against a broad range of pests. Data on tolfenpyrad exposure in
humans are limited, and there are few reports of tolfenpyrad poi-
soning only in Japan. Anecdotally, our poison center has noted
an increased number of fatalities from this compound over the
last several years. The purpose of this study was to better under-
stand the toxicity profile of tolfenpyrad-based insecticide.
Methods: This was a retrospective study that reviewed cases of
tolfenpyrad exposure who were referred and consulted to a sin-
gle poison center between January 2012 and December 2022.
The diagnosis of tolfenpyrad poisoning was based on a history
of insecticide exposure with information on the brand name
and/or the patients brought the product containers with them to
the hospital. The demographic and clinical characteristics, treat-
ments, and outcomes were summarized using descriptive statis-
tics. Exclusion criteria were non-human exposures and calls to
request information.
Results: A total of 7 patients were identified in the 11-year
period. There was no report of tolfenpyrad exposures before
2012. Between 2012 and 2019, there were only four exposures
and from 2020 through 2022, three exposures. Most patients
(71.4%, 5/7) were male and had ingested tolfenpyrad deliberately
(42.9%, 3/7). The median age was 33 years old (range 1 to 46
years). All patients with oral exposure (57.1%, 4/7) developed
severe systemic effects at presentation including depression of
consciousness (n ¼ 4), cardiac arrest (n ¼ 1), hypotension (n ¼

4), bradycardia (n ¼ 2), and high anion gap metabolic acidosis (n
¼ 4). The median time from exposure to presentation at a hos-
pital was 30minutes (range 15 to 60minutes). Management
mainly included symptomatic and supportive care. However, all
patients who ingested tolfenpyrad died eventually. Among the
four deaths, one was a 1-year-7-month-old girl who ingested
accidentally and presented with cardiac arrest. Three of these
patients died within 6 hours after ingestion. The remaining one
died on the thirteenth day of hospitalization. Of the three
patients exposed to the substance via inhalation and dermal
route, all developed only mild clinical effects and were ultimately
discharged after supportive care.
Conclusions: Poisoning with tolfenpyrad insecticide is uncom-
mon but is potentially fatal. Significant toxicity of tolfenpyrad
can develop rapidly following oral exposure. The mortality from
this poisoning was very high. All patients with history of tolfen-
pyrad ingestion should be closely monitored and aggressively
treated. The ability to recognize and identify tolfenpyrad poison-
ing and manage promptly are crucial to medical providers.
Public education is essential to improve poison prevention and
minimize toxicity. Moreover, larger scale studies are warranted to
identify significant predictors of severity and specific treatment
among tolfenpyrad poisoned patients.
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National Poison Data System (NPDS)
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Background: Acute poisoning is a significant global health bur-
den, and the causative agent is often unclear. The primary aim of
this pilot study was to develop a deep learning algorithm that
predicts the most probable agent a poisoned patient was
exposed to from a pre-specified list of drugs.
Methods: Data were queried from the National Poison Data
System (NPDS) from 2014 through 2018 for eight single-agent
poisonings (acetaminophen, diphenhydramine, aspirin, calcium
channel blockers, sulfonylureas, benzodiazepines, bupropion, and
lithium). Two Deep Neural Networks (PyTorch and Keras)
designed for multi-class classification tasks were applied.
Results: There were 201,031 single-agent poisonings included in
the analysis. For distinguishing among selected poisonings,
PyTorch model had specificity of 97%, accuracy of 83%, precision
of 83%, recall of 83%, and an F1-score of 82%. Keras had specifi-
city of 98%, accuracy of 83%, precision of 84%, recall of 83%,
and an F1-score of 83%. The best performance was achieved in
the diagnosis of single-agent poisoning in diagnosing poisoning
by lithium, sulfonylureas, diphenhydramine, calcium channel
blockers, then acetaminophen, in PyTorch (F1-score ¼ 99, 94, 85,
83, and 82%, respectively) and Keras (F1-score ¼ 99, 94, 86, 82,
and 82%, respectively).
Conclusions: Deep neural networks can potentially help in dis-
tinguishing the causative agent of acute poisoning. This study
used a small list of drugs, with polysubstance ingestions
excluded. The clinical utility is untested, and with further devel-
opment, this may become a diagnostic aid for clinicians without
a background in toxicology who care for poisoned patients with
unreliable histories. Reproducible source code and results can be
obtained at https://github.com/ashiskb/npds-workspace.git.
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288. Panic at the prison: a case series
of correctional facility staff exposed
to a mysterious white powder
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Background: Recent news articles and social media videos have
depicted police officers and community members displaying
non-opioid toxidromes after skin or minor aerosol exposure to
presumed fentanyl. These videos often depict hyperventilation
with a return to baseline after multiple doses of intranasal nalox-
one. Given the respiratory depressant effects of opioids, these
symptoms are unlikely to be a result of an opioid overdose and
more closely resemble psychomotor agitation. We report a case
series of multiple correctional facility staff with occupational
exposure to a mysterious white powder and the symptoms staff
developed.
Case series: A regional poison center received calls from mul-
tiple hospitals about a potential mass exposure event at a correc-
tional facility. The report from the correctional facility was that
an inmate having a medical incident was noted to have a white
powder covering parts of his skin. Shortly after noting the white
powder, multiple correctional facility officers responding to the
incident, some having touched the patient, began exhibiting
inconsistent and varying symptoms including hyperventilation,
decreased alertness, headache, tingling in the hands and face,
and “out of body experiences.” On-site medical staff responded
and administered intranasal naloxone which resolved symptoms
in about half of the staff. Additional correctional facility staff who
responded to the incident, including medical staff, then began
exhibiting similar symptoms themselves and further intranasal
naloxone was administered. A health alert was placed to send all
available intranasal naloxone in the region to the correctional
facility. All correctional facility staff with symptoms were sent to
local emergency departments for evaluation. Over the course of
hours, three hospitals received a total of 20 patients with either
no symptoms or previously mentioned symptoms. Vital signs
were mostly normal with few having tachycardia or hypertension.
No patients were noted to have somnolence, bradypnea, or
miosis. Workup in the emergency department was minimal and
varied from each hospital. One hospital sent urine drug screen
testing from all patients which were negative. One hospital
elected to administer intravenous naloxone to all patients with
no significant improvement noted. All patients were observed for
varying amounts of time until complete resolution of symptoms.
State police hazardous materials team investigated the exposure
and tested the white powder as well as a liquid in a bottle
labeled ‘nasal spray’ also found at the scene. MX-908 mass spec-
trometry testing was completed and found no controlled or
potentially hazardous materials in the powder (aluminum phos-
phate) or liquid.
Discussion: Misinformation indicating that skin or minor aerosol
exposure to fentanyl can be deadly is common among police
officers and other members of the law enforcement community.
This misinformation can lead to inappropriate precautions,
delayed or inappropriate response to emergencies, and symp-
toms inconsistent with exposure. In this series, the constellation
of inconsistent symptoms, various routes of exposure, and
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relatively harmless precipitant are consistent with a mass psycho-
genic illness.
Conclusions: Concerns over fentanyl exposure can inappropriately
lead to the deployment of significant and often inappropriate
resources. Education is needed on the routes of opioid absorption,
toxidrome recognition, and appropriate use of naloxone.
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Background: AAPCC accreditation standards require a poison
center to manage a certain annual case volume of human expo-
sures per CSPI/SPI/PIP FTE. This standard acts as a measure of
poison center workload and may influence funding for certain
poison centers. Though case volume decreases nationwide, cases
become more complex often requiring more time and effort.
Perceived workload is a worker’s view of the amount of effort
required to successfully complete a task. Objective workload
measures (case volume) may not comprehensively depict the
impact of perceived workload on staff performance and needs.
We report the perceived workload of poison call center staff
from one regional poison center.
Methods: We utilized the National Aeronautics and Space
Administration Task Load Index (NASA TLX) to measure the per-
ceived workload of SPIs and PIPs staffing the 24-hour emergency
hotline at one regional poison center. Each participant com-
pleted three questionnaires per shift (start, middle, and finish)
over 2 weeks in May 2022. All submitted questionnaires were
aggregated and analyzed using descriptive statistics. Results are
reported as median and interquartile ranges.NASA TLX is vali-
dated for high-stress jobs in the healthcare setting. NASA TLX
assesses six subjective dimensions (mental demand, physical
demand, temporal demand, performance, effort, and frustration)
each with a possible score of 0–9 with 0 being the lowest score.
Results: During our 2-week study period, we had a response
rate of 90.5%. The median score for each NASA TLX dimension
was: mental demand 4.5 (IQR 3 – 6), physical demand 1 (IQR 0 –

3), temporal demand 5 (IQR 3 – 7), performance 7 (IQR 6 – 8),
effort 5 (IQR 3 – 7), and frustration 2 (IQR 0.25 – 5).
Conclusions: We successfully used the NASA TLX instrument to
characterize the perceived workload of one regional poison call
center’s staff. Mental demand, temporal demand, and effort were
all mid-range. Performance was relatively high and frustration
was relatively low. All dimensions except for performance, how-
ever, had a range encompassing all possible scores indicating
large variability. As there are presently no benchmarks for accep
perceived workload, these results do not provide insight into cur-
rent working conditions; however, when used as a baseline com-
parator, these results can determine the impact of operational
changes (text/chat platform, staffing strategies) or changes in
work complexity on staff perceptions. Such information may be
beneficial in guiding future operational changes when evaluating
staffing needs.
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290. Poison call center occupancy under
current AAPCC accreditation standards

Joseph Lambsona, Amberly Johnsona,
Heather Bennetta and Nancy Nickmanb
aUtah Poison Control Center; bCollege of Pharmacy, University of Utah

Background: AAPCC accreditation standards require a poison
center to manage 2,000–5,500 human exposures per CSPI/SPI/PIP
FTE annually. This standard acts as a measure of poison center
workload; however, as case volume decreases nationwide, poison
call centers remain busy. Occupancy is another measure of work-
load that describes the proportion of time managing a case
either directly or indirectly (case documentation, research).
Occupancy is recommended by other call center industries at
�85% to minimize poor work quality and employee burnout.
Our study characterizes the occupancy of one regional poison
center under current accreditation standards.
Methods: Call center workload was assessed using a self-
reported work sample model over 2-weeks in August 2022.
Utilizing sampling generation devices, participants were ran-
domly signaled 6–8 times/hour during their shift to document
their current activity on a data collection form. Predetermined
activities included direct clinical work (initial and follow-up calls),
indirect clinical work (case documentation, research, quality
assurance), mentoring (SPI-to-PIP consultation), administrative
work (work email, scheduling), and breaks/idle time. All SPIs/
CSPIs and PIPs staffing the 24-hour emergency hotline were
included. PIPs and rotating learners providing longitudinal fol-
low-up were not included. Data collection forms were aggre-
gated and analyzed using descriptive statistics. Minute per case
was calculated by dividing the total estimated minutes worked
by all participants in a category by the number of relevant cases.
Results: During the 2-week study period, our response rate was
88.1%. Our call center managed 1,829 total cases and 1,602
human exposures equating to an approximate annual rate of
2,415 human exposures per SPI/CSPI/PIP FTE. Our estimated
occupancy was 87.5%. The proportion of time spent on each
broad category was direct clinical work (37.6%), indirect clinical
work (40.1%), mentoring (5.6%), administrative work (4.2%), and
breaks/idle time (12.5%).The proportion of time spent on direct
clinical work subcategories included initial exposure calls (20.9%),
follow-up calls (15.0%), information calls (0.9%), and on-call con-
sultation (0.7%). The proportion of time managing initial calls for
unintentional exposures was 17.1% compared to 3.4% for inten-
tional calls. The proportion of time conducting follow-ups how-
ever was 6.2% for unintentional exposures compared to 8.7% for
intentional exposures. The proportion of time spent on indirect
clinical work subcategories included case documentation/coding
(31.6%), research (3.9%), and quality assurance (3.3%).
Conclusions: Case volume alone may inadequately represent
poison call center workload. Our estimated annual human expo-
sures per CSPI/SPI/PIP FTE was at the lower end of AAPCC
accreditation standards (2,415). Meanwhile, our occupancy was
greater than recommendations from other call center industries
(87.5%). Confining AAPCC call center staffing accreditation stand-
ards to case volume alone may limit poison centers’ ability to
provide quality patient care or produce quality data for NPDS.
Such accreditation standards may additionally place indirect
restrictions on poison center funding for staffing and result in
poison specialist burnout. More research is warranted to deter-
mine additional measures that more comprehensively describe
poison center workload to support poison center work.
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291. First responders' narratives of
passive fentanyl exposure: a
qualitative analysis and guide for
dispelling misinformation from
recognized authorities

Jessyka Reynoso
Southeast Texas Poison Center

Background: One objective of poison centers is to offer vetted
poison information to the public. This venture is complicated
when poison center messaging must compete with misinforma-
tion from other recognized authorities. This discussion proposes
that there is value in evaluating misinformation through the lens
of urban legend theory. One of the main tenets of urban legend
analysis is to look for themes within a collection of narratives.
This study will review news articles that report on the incidents
of passive fentanyl exposure as told by first responders. Applying
qualitative coding and thematic analysis will elucidate social
issues that supply fuel to the fire of this misinformation spread.
Methods: A focused search was conducted using the Google
search engine. The following search terms were used:police offi-
cerþ fentanyl, police officerþpassive exposure, police offi-
cerþpowder fentanyl. The results were judged by the following
eligibility criteria: Online news outlets: local and national media out-
lets were included, but excluded articles that did not include victim
retellings. This also excluded blogs or websites that posted per-
sonal opinions not associated with a news organization. Passive
exposure: included news articles that reported suspected fentanyl
overdose based on retellings of exposure involving touching or
inhaling fentanyl. Police officers: included news articles that
involved police officers who experienced a suspected exposure
while on duty. Language: all articles were in English. This left 40
articles that revolved around 8 major instances of police officers
who spoke to media outlets regarding passive fentanyl exposure.
Results: Thematic analysis revealed several important themes.
(1)Traffic stops- within these stories there is a heightened danger
when performing traffic stops. (2) Protocol effectiveness- the sto-
ries mention officers following protocol when handling narcotics
(donning surgical gloves). In each scenario protocol did not
impede overdose. (3) Performing duties alone- many expressed
that death would have occurred if they had performed their duty
alone. (4) Narcan (naloxone)- the narratives expressed the need
for officers to carry Narcan on their person. In many of these sto-
ries several doses of Narcan were administered. (5) Public projec-
tion- in all cases bodycam footage was released or a social
media live event was held to share the experiences of the vic-
tims. The themes above point to safety issues that affect police
officers in general. The focus on passive fentanyl exposure seems
to be an outlet for these concerns. This observation is an import-
ant factor to consider when responding to these narratives.
Conclusions: Not all news stories deserve such scrutiny by poi-
son centers. However, a collection of incidences that show signs
of trending in the media deserve more than a cursory glance.
The first step towards combating misinformation is using Urban
Legend theory (ULT) as a tool to understand the nuances of such
narratives. ULT encourages public health workers to link stories
to social problems that are occurring outside of the healthcare
network. Further analysis and testing are needed to determine
the best course of action to begin a response to misinformation
initiated by authority figures.
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292. Demographic expansion of a
state poison center's instance of the
National Poison Data System (NPDS)

Shannon Penfound and Adam Overberg
Indiana Poison Center

Background: NPDS is a unique data set which provides a
breadth of information related to poisonings and exposures
across the United States, including data that is not found in any
other registries. It can help clarify and answer research questions
related to poisonings; however, it has some no limitations, such
as a lack of demographic information. NPDS captures age and
binary gender (male, female, unknown, pregnant), but does not
capture other demographics such as race, ethnicity, the gender
spectrum, or sexual orientation. We piloted an initiative to cap-
ture more detailed demographic information with the goal of
identifying underserved demographic groups and creating tar-
geted outreach and education to promote poison center
services.
Methods: We chose a quarter of our team of Specialists in
Poison Information (SPIs) at random (n ¼ 4) to be the pilot test-
ers for this initiative and provided them with scripted questions
(“With which race do you identify?” and “Do you identify as
Hispanic or non-Hispanic?”) to ask each caller during their regular
shifts. SPIs were instructed to ask the questions of each caller as
scripted but were given flexibility to add the questions into their
workflow however they chose. They were also permitted to use
demographic data from hospitalized patients’ medical records
where available. Answers were documented in the poison center
EMR. Data collection began on 14 November 2022, and ended
on 17 April 2023. Check-in meetings were held every 30 days to
assess progress, provide support, and identify areas for potential
improvement.
Results: From 14 November 2022 to 17 April 2023, the four pilot
SPIs managed a total of 5,742 cases, obtaining race and ethnicity
data in 49.3% (n ¼ 2,832) of them. A majority of the cases man-
aged by the pilot SPIs were reported to be white, non-Hispanic
(66.8%), followed by Multi-racial/Multiethnic (5.0%), and Hispanic/
Latinx (3.9%). Fewer than 1.3% of callers declined to answer, and
the SPI was unable to ask the pilot questions in an additional
17%. There were no reports of hostile or aggressive reactions to
the pilot questions, and the four SPIs reported feeling comfort-
able with asking them. Limitations include possible bias intro-
duced by asking the caller to self-report the patient’s
demographics, as well as potential hospital EMR errors which the
SPIs may have unknowingly extrapolated into the poison cen-
ter EMR.
Conclusions: Improving the capture of demographic data ena-
bles targeted outreach and education from poison center teams
to underserved groups and promotes more effective, efficient
use of poison center resources. Eliciting feedback from SPIs was
a high priority and the 30–60–90-day check-in process was
instrumental in their success. The success of this pilot initiative
demonstrates the feasibility of expanding demographic capture
and should serve as a precedent and call to action for America’s
Poison Centers, NPDS, and individual poison centers to imple-
ment this quality initiative nationwide as soon as possible.
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293. A multi-poison center educator
collaboration effort to prevent and
mitigate hurricane-related poisonings

Jemima Dougea, Wendy Stephanb, J. Michael
McCormickc, Lisette Cullena and Lenys Klumppb
aFlorida Poison Information Center Tampa; bFlorida Poison Information
Center Miami; cFlorida Poison Information Center Jacksonville

Background: Hurricane season is known for countless “near mis-
ses” leading to emotional exhaustion known as “hurricane fatigue”
that can cause people to make poor decisions in the face of an
impending storm. However, hurricanes, no matter the category,
can lead to death, damage to infrastructure, and disruption of day-
to-day routines, creating a perfect storm for poisonings. Since hurri-
cane season is predictable, and hurricanes provide advance notice
of their arrival, Poison Center (PC) educators promote safety mes-
sages throughout the year and in response to an incoming hurri-
cane. A group of educators from 3 PCs strategically developed a
resilient plan to address hurricane fatigue through consistent mes-
saging and amplifying of messaging through trusted community
partners directly related to hurricane preparedness and response
which allowed for rapid assistance for poisonings and prevention
of the most serious storm-related poison outcomes.
Methods: This coordinated holistic approach began in early 2022,
with educators providing 43 training sessions at the local, regional,
and statewide level to key stakeholders including community nurses,
Community Emergency Response Teams (CERT), paramedics, home
visitors, and agencies serving older adults and individuals with dis-
abilities. Topics introduced or reinforced poison safety messaging on
carbon monoxide, venomous bites and stings, food safety, cleaning
safety and more. During hurricane season (June 1 to November 30),
we utilized multiple channels to ramp up delivery of specific hurri-
cane-related poison prevention messaging: three TV programs, six
website sliders, one news article, 154 social media posts (Twitter,
Facebook, Instagram, and YouTube), and two radio programs. As
the storm was passing over and in the immediate aftermath, PC
staff continued the intense messaging and shared data with the
state Department of Health on specific storm-related poisonings in
real time to allow for alignment of PC and public health efforts.
Results: At the start of hurricane season through the weeks lead-
ing up to a recent major hurricane, the education program reached
over 250,000 people, through presentations, TV and social media.
Through existing partnerships, educators received real time feed-
back from key informants (including a legislator) about the needs
of the affected population and quickly pivoted to deliver timely
radio messaging to reach individuals who were using battery oper-
ated radios due to power outage. Epidemiologists at the
Department of Health noted that although 43 cases of carbon mon-
oxide poisoning were identified statewide, there were no fatalities,
a very unusual finding for a major hurricane affecting a large state.
Conclusions: No matter how catastrophic the damage caused by
a hurricane may be, knowing of their impending arrival provides
a unique advantage that PC educators can use to help prevent
poisonings and save lives. PC educators are encouraged to use
multiple channels, remain flexible, and partner with public safety
agencies as well as organizations serving vulnerable populations
to raise awareness about hurricanes related poisoning. It is crit-
ical to not just focus on hurricane response, but to embrace a
pre, during, and post approach that will provide additional layers
to local and statewide existing hurricane safety plans and help
combat hurricane fatigue and poisonings.
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294. Training poison specialists with
QPR to improve care for suicidal
callers

Wendy Stephan
Florida Poison Information Center Miami

Background: Calls to poison centers for poisonings involving
self-harm have sharply increased in recent years, and many fatal-
ities seen by poison centers are suicides. Most specialists in poi-
son information (SPIs) have little formal preparation for
managing suicide attempts, so their approaches to these calls
vary widely. The objective of this initiative was to assess if a sin-
gle session of suicide prevention “gatekeeper training” could
improve specialists’ comfort, knowledge and engagement practi-
ces regarding self-harm cases. QPRTM (Question, Persuade, Refer)
Gatekeeper Training by QPR Institute is one of several evidence-
based programs addressing suicide prevention available for train-
ing health care providers.
Methods: In 2022, one poison specialist attended a community
QPR Training and then worked with the regional instructor (who
had worked on the suicide hotline) to develop a version of QPR
for poison specialists. On March 30, 2023, 12 SPIs attended a 2-
hour QPR session in a scheduled staff meeting. Using an inter-
active phone-based scenario, the instructor covered topics
including understanding suicide, overcoming emotional reactions
to talking about suicide, responding to direct and indirect clues
about suicidal intent, and local resources for mental health crisis.
Pre and post tests were conducted online to assess specialists’
knowledge and satisfaction with the training. An active discus-
sion followed the QPR session, and most SPIs participated in the
interactive components of the activity. Handouts were provided
at the end containing QPR guidelines and local resources.
Results: Overall, 91% of participants indicated they felt the train-
ing was “excellent,” with the remaining rating it as “good.” All
participants stated the training met their expectations and that
the information was “useful” and “easy to understand.” Results
did not notably vary by SPI length of service. Prior to the train-
ing90% of SPIs stated they referred non-critical self-harm cases
to the emergency department, 27% referred the caller to 988,
and only 36% stated they made an effort to “engage the
patient.”36% felt “fearful that they could say the wrong thing” in
a call about self-harm.
Results: After the training mean SPI discomfort with calls about
self-harm declined from 50 to 8 (out of 100).83% indicated they
“would apply the QPR techniques they learned.” 58% reported
feeling less worried about interacting with these callers and
“more understanding of these callers’ situations.” 42% of SPIs
planned to offer self-harm prevention guidance regarding after
the training, versus 27% who did before. 75% expressed interest
in Mental Health First Aid training as a follow-up to QPR.
Conclusions: A single session on suicide prevention was well
received by poison specialists and served as an “appetizer” for
more training and discussion on how to best assist callers strug-
gling with self-harm. Poison specialists expressed a desire to also
learn from and engage with each other on this topic, since it
was clear some had developed helpful strategies that went
beyond those discussed in the session. Given the rise in these
cases, evidence-based trainings and outside speakers may offer
helpful perspectives for SPIs on the front lines of the mental
health crisis.
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295. Utilizing economic data as
predictors of daily call volumes to a
US poison center

Akshay Kumar, Nikolaus Matsler and
Christopher Hoyte
Rocky Mountain Poison and Drug Safety

Background: Call volumes to poison centers (PCs) can fluctuate
significantly. Previous machine learning work has demonstrated
efficacy in predicting daily call volumes with limited features as
inputs. However, there remain several outlier days, when predic-
tions can vary by more than 100 calls compared to actual values.
Given PCs often cover large areas, it makes the addition of local/
regional features impractical and would limit model applicability
to other centers. National economic data can theoretically be
generalized for any PC. In this study, we sought to determine if
the addition of national economic trends, as represented by
stock market and jobs data, could improve accuracy and reduce
outlier days for call volume forecasting.
Methods: A time-series forecasting model was constructed utilizing
Gated Recurrent Units (GRU). Daily call volumes were assembled
over the previous five years from a large, regional poison center.
Stock market data from the same time frame was collected from
the S&P 500. Monthly unemployment data was similarly collected.
Features and labels were split into training and validation sets at an
80/20, 90/10, and 95/5 ratios. Hyperparameters were experimentally
varied to find the optimal solution. Forecasting was performed for
the next 365, 182, and 91 days. Forecasted vs actual values for daily
call volume were then compared. Outlier days were also examined
and considered to be days when the network predicted a greater
than 50 call difference from actual.
Results: Our dataset consisted of 5 years (1,826 days) of daily call
volumes, with an average volume of 375.6 calls/day (range
174–813), as well as stock market and unemployment data. Given
holidays and weekends would have no stock data, the values
from the previous days were copied forward to represent the
missed days. Unemployment data is reported month-to-month
and linear interpolation was used to generate daily values. After
feature engineering, our GRU network was then trained. Across
forecasting groups, the average predicted vs actual calls differed
by 24.9 calls/day. Outlier days were decreased in all groups, with
only three in the last prediction group.
Conclusions: Previous studies have demonstrated that call-vol-
ume forecasting is possible with minimal features utilizing neural
networks. However, there are often outlier days, when call vol-
ume is dramatically different than expected, suggesting that cur-
rent models may need other features to correctly predict these
swings. To maintain generalizability of the model, national eco-
nomic data was gathered and engineered for daily application.
After incorporation into an extant model, the economic data
improved average model performance by roughly 5 calls/day.
However, more interestingly, the model was able to predict large
swings more accurately in call volumes, implying economic data
can, directly or indirectly, estimate or influence call volume.
While this model outperforms previous generations, prospective
application is limited to day-to-day, as stock market data could
only be added as it is gathered live. However, this model can be
added in concert with others to further increase efficiency.
Future research will focus on continuing to develop features to
better refine predictive models, including hourly volume
prediction.
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296. Pop quiz: a survey of retailers
selling alkyl nitrites (“poppers”) for
recreational use

Abigail Olindea, Chelsea Haymana, Ivan Ivanovb,
Lauren Schwartzc, Joshua Blooma, Mark K Suc and
Rana Biarya
aDepartment of Emergency Medicine, NYU Grossman School of
Medicine; bDepartment of Emergency Medicine, New York City
HþH/Coney Island Hospital; cNew York City Poison Center, New
York City Department of Health and Mental Hygiene

Background: Alkyl nitrites (“poppers”) are used recreationally for
sexual enhancement, muscle relaxation, and euphoria; they are
also toxic and can cause methemoglobinemia. While legal for
purchase in the United States, they are often sold without instruc-
tions for proper use and are deceptively branded as nail polish
removers, deodorizers, or video head cleaners; they do not gener-
ally offer instructions for use. Although the usual route of self-
administration of poppers is via inhalation, ingestions have been
reported, which may increase the risk of methemoglobinemia.
Our poison center has anecdotally noted increased reports of
exposures to alkyl nitrites in our area, many of them ingestions.
Given a lack of instructions at the point of sale, we designed a
survey study of retailers to assess instructions given to consumers
about appropriate popper use and evaluated the proximity and
co-sale of poppers with similar-appearing energy drinks.
Methods: This is a cross-sectional convenience sample survey of
smoke shops, cannabis dispensaries, and exotics shops in the
catchment area of an urban poison center. Investigators (consist-
ing of Emergency Medicine residents and Medical Toxicology fel-
lows and faculty) identified retailers in multiple neighborhoods,
with store selection left to investigator discretion. Plainclothes
investigators visited retailers and followed a predetermined
protocol and script to request information regarding the avail-
ability (“Do you have poppers?”) and usage of poppers (“How
should I be using this?”) in the context of making a personal pur-
chase. In addition to documenting vendor responses to survey
questions, the investigators attempted to visually determine the
proximity of poppers to similar-appearing energy drinks (5-Hour
EnergyV

R

) during their visit.
Results: Ninety-eight stores were identified and surveyed by our
investigator team over a two week period with 86 stores meeting
the inclusion criterion of selling alkyl nitrites at the time of the
investigation. When the store vendors were asked about the
appropriate usage method of poppers, 38 (44%) were unsure or
refused to answer, 41 (48%) advised inhalation, and 7 (8%) rec-
ommended ingestion. Fifty-one (59%) of these sellers also sold 5-
Hour EnergyV

R

, and poppers were noted to be in close proximity
to these energy drinks (same shelf or cabinet) in 20 stores (23%
of the total inclusion cohort).
Conclusions: Many commercial alkyl nitrite retailers did not
know or offered potentially inaccurate information about the cor-
rect use of poppers. In the absence of explicit instructions alkyl
nitrite users could be at increased risk for developing methemo-
globinemia. Additionally, poppers were often sold in close prox-
imity to commercial energy drinks, potentially increasing the risk
of purchasers unknowingly ingesting them. Further research is
necessary to determine the impact of these patterns of sale and
misinformation, and health care providers and public health
authorities should educate alkyl nitrite sellers and users about
the risks of methemoglobinemia.
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297. Empowering health care
providers: preliminary evaluation of a
toolkit for preventing intentional self-
poisoning in youth

Gayle Finkelsteina and Karen Simoneb
aNorthern New England Poison Center-University of Vermont
Medical Center; bMaineHealth

Background: Intentional self-poisoning (ISP) has emerged as a
prominent concern nationwide. The increasing trend in poison cen-
ter calls, particularly among adolescent females, underscores the
urgent need for effective interventions. These incidents impose a sig-
nificant burden on both the healthcare system and affected individ-
uals, who face heightened risks of subsequent suicide attempts and
premature death. Identifying at-risk youth and providing timely inter-
ventions can be challenging. Previous studies found a need for edu-
cational interventions to enhance primary care providers’ ability to
detect and address ISP risks. A comprehensive toolkit that provides
guidance on identifying and managing at-risk patients could play a
vital role in mitigating these preventable poisonings.
Methods: In 2021 – 2022, our poison center was awarded two
grants from youth-focused organizations. A toolkit was created tar-
geting primary care settings, to effectively identify, manage, and
refer young patients at risk for ISP. The toolkit’s core materials
include a comprehensive guidebook and recorded presentation pro-
viding an overview of statistical trends in youth ISP, along with tools
that providers can incorporate into their practices. In 2022, the pro-
gram underwent a rigorous review process and received national
accreditation for physicians and nurses to receive continuing educa-
tion credits. This program is active for three years. Pre/posttests
were administered to those receiving credit, and a follow-up survey
was sent out a year later to assess program effectiveness. The toolkit
is available for downloading on our poison center website.
Results: Continuing education credits have been awarded to 37
individuals who completed the online course. More than 100
hard copies of the manual have been requested with another 70
copies distributed electronically. The recorded presentation was
viewed 98 times. The program was promoted to over sixty health
care offices and key stakeholders and at conferences. Feedback
from those who received credits was overwhelmingly positive,
citing the toolkit as a valuable resource. Most were school nurses,
indicating its potential for broader adoption in other settings. 56
people took the pretest, and 37 completed the posttest. 89.75%
reported an increase in their comfort level with screening and
managing patients after taking the course. Post survey results
reported 100% commitment to screening all teens for suicidal
ideation compared to 44.64% in pretest responses. 95% indicated
they were likely to incorporate the toolkit into their practices.
The majority stated this resource will have an impact on patient
outcomes and on the health care team. The toolkit offered evi-
dence-based practice recommendations for primary care, accord-
ing to those surveyed in a separate project conducted by a
medical student.
Conclusions: This project highlights the pressing need for tools
to assist health care providers in effectively managing at-risk
patients, particularly those with ISP behaviors. Preliminary find-
ings from the utilization of this toolkit suggest that it is a valu-
able resource that can support health care providers. Further
evaluation is warranted to determine the long-term effectiveness
of this resource and in addressing ISP-related challenges in pri-
mary care and the overall impact on patient outcomes.
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298. Using poison control center data
to guide education about poison
suicide and self-harm

Alexa Steversona, Sherrie Paceb and Tammy Noblec
aNC Poison Control; bUtah Poison Control Center; cIowa Poison
Control Center

Background: According to the Centers for Disease Control
(CDC), poisoning is the third leading means of suicide in the US
Twelve percent of suicides nationwide are attributed to poison-
ing. However, poisoning represents the leading means of suicide
for females 45 years of age and older. A retrospective review of
intentional suspected suicide exposures reported to the National
Poison Data System (NPDS) was undertaken to contextualize
national suicide data. The aim of the review was to determine
the characteristics of intentional self-poisoning reported to poi-
son control centers (PCC) in an effort to guide suicide prevention
education.
Methods: The NPDS was queried for human exposure cases
from January 2000 to December 2021. The NPDS contains case
data for the nation’s 55 PCCs. Researchers identified cases coded
as “Intentional–Suspected Suicide,” which are defined as an
exposure resulting from the inappropriate use of a substance for
self-harm or for self-destructive or manipulative reasons.
Variables included age, gender, reason for exposure, and medical
outcome. A separate age-adjusted analysis was performed to
exclude cases involving children five years old and under from
total NPDS case volume in order to more precisely benchmark
the impact of suspected suicide cases on age groups most
affected.
Results: Suspected suicide and self-harm cases represented 14%
of overall NPDS case volume in 2021. This is an 80% increase
from 2000 (7.52% in 2000, 13.57% in 2021). However, when fac-
toring out human exposure case volume involving children five
and under, data show that 23% of cases involve a self-harm or
suspected suicide intent. Furthermore, NPDS data show that
females attempted suicide and self-harm by poisoning at more
than twice the rate of males. In 2021, there were 86,477 reports
of males attempting suicide and self-harm while there were
194,467 female reports. Additionally, NPDS data demonstrate
that adults 20 and older were responsible for the majority of sus-
pected suicide fatalities (94%) in 2021.
Conclusions: Self-poisoning is a common means of suicide and
self-harm attempts, yet suicide prevention education that
addresses self-poisoning may be lacking. PCC data identifies pop-
ulations at-risk for poison suicide and helps anchor education on
the topic. These findings from NPDS may be useful for building
and supporting education on suicide prevention. Adults 20 and
older overwhelmingly make up the leading age group for sus-
pected suicide fatalities. Suspected suicide cases reported to
PCCs have increased by 80% in about the last 20 years. Females
are more than twice as likely to have a suspected suicide or self-
harm exposure than males. PCC suspected suicide exposure data
mirrors CDC data on the gender imbalance of female to male
poison suicide deaths. PCC data provides an exclusive, authorita-
tive perspective on self-poisonings. The staff at PCCs are uniquely
positioned to utilize data on self-poisonings and to deliver means
restriction and harm reduction messaging at the community
level. PCC data about poisoning self-harm and suspected suicide
can also help inform larger public health education efforts
intended to prevent suicide.
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299. A mini review of micro-hospitals'
response to the poisoned patient

Victoria Chiang, Stephen Thornton, Lisa Oller and
Elizabeth Silver
Kansas Poison Center at the University of Kansas Health System

Background: Micro-hospitals are small-scale healthcare facilities
which contain a 24/7 emergency department and typically 6–10
inpatient beds where patients can be observed or admitted.
They are typically found in suburban or urban locations. Over the
last 5–10 years, there has been a dramatic rise in the number of
micro-hospitals, and they can now be found in over 19 states.
How these facilities manage poisoned patients and utilize
regional poison control centers (PCC) has not been well studied.
We sought to better characterize the type of poisonings and
resulting outcomes by examining the call records from all micro-
hospitals to a regional poison control center for a 5-year period.
Methods: This retrospective chart review used the ToxicallV

R

data-
base of a regional PCC. All cases involving calls from a micro-hos-
pital were identified. There were a total of 7 micro-hospitals
active during this time frame, though 2 closed in 2022. All infor-
mation was de-identified in REDCap and analyzed in Microsoft
Excel
Results: 224 cases were identified. The number of calls increased
from 11 in 2018 to a peak of 65 in 2021. There were 51 calls in
2022. 138 (61.6%) calls involved females, and the average age
was 27.1 years (SD 18.8). 120 (54.6%) cases involved adults. Of
the 104 (46.4%) cases that involved patients 19 years or younger,
40 (17.9%) involved children 6 years or younger. Intentional
exposure was the reason for the exposure in 48.2% (n ¼ 108)
case, while unintentional exposures accounted for 45.1% (n ¼

101) cases. In 184 (82.1%) cases the exposure was to a single
substance. Household chemicals were encountered in 40 cases
(17.8%). The three most common drug groups encountered were
non-opioid analgesics (47, 21%), antidepressants (n ¼ 29, 12.9%),
and antihistamines (n ¼ 26, 11.6%). Acetaminophen was the sin-
gle most common drug encountered (n ¼ 26, 11.6%). Opioids
were encountered in 3 (1.3%) cases. Nearly all cases arrived via
private vehicle (n ¼ 221, 98.6%) but 49 cases (22%) were trans-
ferred out by EMS. In all, 43 (19.2%) of cases ultimately required
admission to a hospital. None of these patients were admitted at
the micro-hospital. Clinical outcomes were minor in 30.4% (n ¼

68), moderate in 27.7% (n ¼ 62) and major in 1.3% (n ¼ 3). No
deaths occurred. Seizures occurred in 3 cases, and hypotension
was documented in 2 cases. No vasopressors were used.
Intubation was performed in 1 case. In 13 cases an antidote was
administered: 9 case of NAC administration and 1 case each of
fomepizole, Crotalidae Polyvalent Immune Fab (Ovine), naloxone
and physostigmine.
Conclusions: In this single center study, a wide range of pois-
oned patients presented to micro-hospitals for care. Adult and
intentional exposures were most common and almost 20%
required transfer to ultimately be admitted. Acetaminophen was
the most common substance encountered, while exposures to
opioids were surprisingly rare. No poisoned patient was admitted
to a micro-hospital in this study, suggesting that regional poison
control centers should be prepared for high rates of transfers
from these facilities.
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300. Weathering a latex-finish water
spill: a regional poison center’s
experience

Lauren Longo, Anthony Jaworski, Jeanette Trella,
Anika Islam and Kevin Osterhoudt
Poison Control Center at Children's Hospital of Philadelphia

Background: Prompt dissemination of accurate, trusted informa-
tion to the public is essential during a public health crisis. On 24
March 2023, approximately 8,000 gallons of water-based latex
finishing solution containing butyl acrylate, ethyl acrylate, and
methyl methacrylate were spilled into a river upstream from a
water treatment plant servicing a large city with a population of
over 1.5 million people. In the coming days, local government
agencies provided emergent updates to the public related to
water safety and potential areas of impact. Due to concerns of a
potential ‘do not drink’ order, city residents started emergently
over-buying bottled water from local stores and diminished sup-
plies. Despite continued testing that indicated non-contaminated
water supply, calls were made to the regional Poison Control
Center related to this chemical spill event. This investigation
describes the center’s experience following this chemical spill
with the intent to highlight its role in public emergency
preparedness.
Methods: This was a retrospective cohort study of calls made to
a regional poison control center between 24 March and 28
March 2023. Upon recognition of the chemical spill event, the
poison control center offered to aid municipal public health
response organizations as a response partner, but was only pro-
vided with publicly available information. Still, the center devel-
oped risk communication messaging and standardized
documentation and coding for calls related to the crisis. Calls
included those with the case type “environmental exposures”
with the subcategory “water purity/contamination” and sub-
stance verbatim “water plant chemical spill.” Call data were eval-
uated for patterns in date and time of calls following the initial
public notification. Case narratives were evaluated for common
themes and questions asked.
Results: A total of 32 calls were made to the center, 81% of
which were made in the first 24hours following the public notifi-
cation. Of the 32 calls, 16 (50%) of calls were made on the first
day, followed by 11 (34%), 4 (13%), 0 (0%), and 1 (3%) on subse-
quent days. Approximately 1 out of every 3 calls were from zip
codes that were not impacted by the event. The most common
themes involved questions regarding food preparation/drinking
safety (47%), bathing safety (17%), zip code impact (15%), clarifi-
cation of public health messaging (12%), symptoms (6%), and
latex allergies (3%).
Conclusions: As CDC-designated public health authorities, poi-
son control centers can greatly strengthen their region's public
health infrastructure when engaged early as partners in respond-
ing to environmental health crises. The public’s need for informa-
tion in the first 24hours likewise justifies that poison control
centers must be ready to rapidly standardize messaging and
documentation of these calls with very little notice. These data
also highlight the concerns of individuals outside of the area of
impact. When planning for a crisis response, poison control cen-
ters should be ready to address the needs of both the affected
and those living outside of the area of impact to ensure that
everyone has accurate information.
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301. Machine modeling to predict
hospital antidote stocking needs

Jordan Jenrettea, Nikolaus Matslerb and
Christopher Hoyteb
aUCHealth University of Colorado Hospital; bRocky Mountain
Poison and Drug Safety

Background: Antidotes can be a life-saving intervention for
many poisonings. Best practice suggests that a hospital should
ensure all appropriate or life-saving antidotes are readily avail-
able to administer immediately. However, significant variability
exists in antidote need and use between emergency depart-
ments and hospitals. Many antidotes are costly and used infre-
quently, resulting in financial and product waste if the
medication expires prior to use. Predicting stocking needs is left
to anticipation of use, which is often loosely assessed based on
prior years’ total use. This presents a challenge when antidotes
are expected to be on shortage, creating a need for hospitals to
determine anticipated use. Therefore, the purpose of this study
was to determine whether machine learning can be used to pre-
dict antidote stocking needs for a large, university hospital using
naloxone as an example antidote.
Methods: This study was a single-center, retrospective study
evaluating naloxone use between 1 January 2010 and 30
September 2022. All dispenses of naloxone were evaluated, and
all dispenses attributed to an administration or waste of product
were included to assess total hospital use. The total number of
milligrams (mg) per day used or wasted was then calculated. A
deep neural network utilizing gated-recurrent units (GRU) was
then constructed. Day-of-week, week-of-year, and month-of-year,
as well as 100day time lagged data were used as features for
the network. Date features were transformed into cyclical fea-
tures utilizing sin/cosine transforms. Data was split prior to train-
ing into training and validation sets. Hyperparameters were
varied experimentally to derive the optimal network.
Results: Splitting of data yielded three separate time periods of
prediction: one year, six months, and one month. The model was
successfully trained on the remainder of the approximately ten
years of data. Over the three validation periods, the model had
an average error of 6.07, 4.5, and 3.8mg per day of prediction.
Days in which the model had a difference of greater than 20mg
between prediction and actual use were also tracked and dem-
onstrated a decrease over progressively shorter prediction time
frames, from 28 to 11 to 6 days within the aforementioned data
splits.
Conclusions: Predicting antidote use can potentially improve
patient care, costs, and timely administration. Currently, antidote
stocking is based on historical use. We trained a deep learning
neural network to accurately predict a proxy antidote at a large,
academic hospital. In this case, naloxone was used as the proxy
and the model was able to accurately predict daily use to an
average of 3.8mg per day. However, naloxone administration
can vary wildly, and our model, while correctly predicting some
of these swings, fails to capture others, implying better input fea-
tures are needed for more accurate predictions. By summing the
daily predictions into monthly predictions, the model's accuracy
increases, as small perturbations in individual days average out.
This model can be applied to various hospital settings and anti-
dotes, potentially reducing waste and financial loss due to
unused medication from inaccurate predictions.
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302. Bupropion poisoning in Taiwan:
a poison-center based study

Yi-Jou Choua, Nai-Yu Chenb, Hsiang-Lin Chenb and
Chen-Chang Yangc
aDepartment of Pharmacy, National Yang Ming Chiao Tung
University, Taipei, Taiwan; bDivision of Clinical Toxicology &
Occupational Medicine, Taipei Veterans General Hospital, Taiwan;
cInstitute of Environmental & Occupational Health Sciences,
National Yang Ming Chiao Tung University

Background: Bupropion is an antidepressant known to cause
seizures and other toxic effects following acute overdose. The
purpose of this study was to investigate the demographic and
clinical manifestations of cases with bupropion exposure
reported to Taiwan Poison Control Center (PCC-Taiwan) and to
identify the risk factors that may predict the severity of bupro-
pion overdose.
Methods: This was a retrospective chart review study of all
bupropion overdose cases reported to PCC-Taiwan from 1985 to
2022. Cases were divided into non-severe (i.e., asymptomatic,
mild, and moderate) and severe poisoning groups; between-
group differences in demographic and clinical variables were
then compared using Fisher’s exact test and Wilcoxon rank sum
test. The AUC (area under the ROC curve) was used to determine
the optimal estimated ingested dose (mg) associated with the
severity of outcome. A multivariable logistic regression was also
conducted to identify the potential predictors of having a severe
outcome following bupropion overdose.
Results: A total of 114 cases were identified after excluding 18
cases due to incomplete data, missing outcome or duplication.
The median age of the 114 patients was 19 years, with a slightly
higher proportion of female cases (77, 67.5%) than male cases
(37, 32.5%). All cases were of acute poisoning and most of them
had (78.1%) an intentional exposure; none of the 114 cases died.
The most common manifestations were tachycardia (34.2%), seiz-
ures (28.1%), and drowsiness (27.2%). In the non-severe group,
the most common neurological manifestations were drowsiness
(29.7%), dizziness (26.7%), seizures (21.8%), and agitation (14.9%),
Moreover, the non-severe group had a significantly higher pro-
portion of gastrointestinal disturbances (23.8%) than the severe
group. By contrast, the severe group was more likely to present
with coma and seizures than the non-severe group P < 0.0001
and P ¼ 0.0001, respectively). In addition, hypotension (38.5%),
QRS widening (15.4%), and elevation of creatinine kinase
(CK)> 1000U/L (23.1%) were more frequently observed in the
severe group. The median estimated ingested dose was 1500mg
and 6000mg in the non-severe group and the severe group,
respectively (P ¼ 0.0296). The AUC for estimated ingested dose
resulted in a cutoff point of 5250mg. In the multivariable ana-
lysis, higher estimated ingested dose of bupropion (i.e., �

5250mg) was significantly associated with an increased risk of
developing severe outcome (adjusted OR [aOR] 39.6, 95% confi-
dence interval [CI] 3.23 – 477.56). Seizures (aOR 15.7, 95% CI 2.27
– 100.06) and hypotension (aOR 46.9, 95% CI 2.6 – 846.25) were
also associated predictive of having a severe outcome.
Conclusions: Higher dosage of ingested bupropion (�5250mg),
seizures and hypotension may be predictive of having a severe
outcome following bupropion overdose.
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303. Teenagers and young adults
ingesting desiccants inside home
pregnancy tests: a concerning social
media rumor

Rachael Fogela, Stacy Marshallb and Erin Ryana
aAlabama Poison Information Center, Birmingham, AL, USA;
bAlabama Poison Information Center, The University of Alabama
at Birmingham, Birmingham, AL, USA

Background: Dangerous health-related misinformation continues
to propagate through various forms of social media. Teenagers
and young adults are often targets for these false claims and are
at risk for adverse consequences when these claims are assumed
as fact. A particularly concerning rumor involving pregnancy tests
and emergency contraception has emerged claiming that con-
tained within pregnancy tests is emergency contraception
medication, such as levonorgestrel or Plan B One StepV

R

. This mis-
information appears to have originated in 2019 via a Facebook
post and has continued to spread to other social media channels
such as TikTok. A pregnancy test often contains a small, circular
desiccant tablet that absorbs moisture in the test before use.
Social media posts have falsely claimed that this desiccant tablet
is an emergency contraception medication used to prevent preg-
nancy. Manufacturers of pregnancy tests, such as Clearblue VR ,
have posted statements advising consumers not to consume the
desiccant and to seek medical attention if consumed. Despite
attempts to clarify this rumor, poison control centers are still
receiving calls concerning these desiccants being consumed in
an attempt to prevent pregnancy.
Methods: This is a retrospective review of exposures reported to
a single regional poison control center. Poison center records
were queried for all ingestions from diagnostic agents since 1/1/
2019. Only cases that were determined to have been ingestions
of desiccants from pregnancy tests were included. Of those, only
ingestions of desiccants from pregnancy tests that were con-
sumed with the intent to prevent pregnancy were included.
Cases were manually reviewed for this criteria, and demographic
data was recorded.
Results: Ninety-three cases were identified. Seven cases met the
inclusion criteria. The patients were all female. Patient ages
ranged from 15 to 22 years (mean 18.7 years). Six cases were
asymptomatic at follow up. One case was lost to follow up. The
earliest exposure reported was 02/01/20, and the most recent
was 02/02/23. This particular poison control center was notified
of two exposures per year since 2020, with the exception of the
year 2021. The year 2021 received the fewest exposures, with
only one exposure that year. ClearblueV

R

was the most common
brand of pregnancy test reported. In all cases, patients were
asymptomatic and managed on site with the exception of one
patient who presented to a healthcare facility prior to the poison
center being contacted and was discharged from the emergency
department.
Conclusions: Risky social media trends are nothing new to soci-
ety; however, this study highlights one that is particularly dan-
gerous. While the substance being ingested is likely non-toxic, it
is definitely ineffective at preventing pregnancy. Despite manu-
facturers, such as Clearblue VR , posting statements to not ingest
the tablets, poison control centers continue to receive calls con-
cerning these desiccants being ingested.
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304. Help is a call away: using
storytelling to improve awareness of
Canada’s Poison Centres

Claire Westmacotta, Cowle Stephaniea, Richard
Woottonb, Margaret Thompsonc, Anna Leah
Desembranac, Crisalina Amianad, Nancy Murphye,
Melissa McDougallf, Amin Rajwanif, Maude St-Ongeg,
Guillaume B�elairg, Violaine Ayotteg, Caroline
Arsenaultg, Lance Hoddinottf and Pamela Fusellia
aParachute; bHealth Canada; cOntario & Manitoba Poison Centre;
dOntario Poison Centre; eAtlantic Canada Poison Centre; fPoison &
Drug Information Service; gCentre antipoison du Qu�ebec

Background: In Canada, poison centres play an important role,
providing toxicological expertise, supporting people in times of
distress and, in most cases, providing guidance that allows callers
to remain at home, diverting unnecessary emergency depart-
ment visits. Yet, nationally representative surveys conducted in
2021 and 2022 found just 18% of adults and 34% of parents
were aware of poison centre resources in their area. As part of a
strategy to increase awareness of poison centre services and
expertise, we undertook a storytelling project highlighting experi-
ences of the public and poison centre staff.
Methods: We recruited potential participants through referrals
from poison centres, partner organizations and hospitals, as well as
targeted social media posts in English and French. Members of the
public in Canada who had previously contacted a poison centre or
were affected by a poisoning incident were eligible. We identified
two public and four professional participants to be featured in the
project: four participants (public and professional) contributed to
English-language videos and two professional participants were
featured in French-language videos. The stories were recorded
over Zoom and public participants contributed personal photos to
be incorporated into the videos. The videos were uploaded to
YouTube and embedded on two websites: the Canadian
Association of Poison Centres and Clinical Toxicology (www.infopoi-
son.ca) and Parachute (www.parachute.ca), Canada’s national injury
prevention charity. We began disseminating the storytelling videos
during Poison Prevention Week (March 2023) through organic and
paid social media (Facebook and YouTube). We tracked video
views, social media impressions and infopoison.ca website traffic.
Results: We developed a total of six videos in English and French,
featuring stories from members of the public and poison centre
staff and driving viewers to infopoison.ca. The videos highlighted a
variety of personal experiences, including pediatric unintentional
cannabis exposure, medication errors and carbon monoxide expos-
ure. For the period of 20 to 31 March 2023 the videos were viewed
438,972 times and received over 1.2 million impressions on
YouTube and over 920,000 social media impressions. The storytell-
ing videos also contributed to increased infopoison.ca website traf-
fic during the campaign, with visits increasing from 23 to 125 per
day to 1,136 to 1,649 visits per day.
Conclusions: The use of digital storytelling is a growing area for
knowledge translation and for sharing patient and health-related
experiences. Despite preferences for short online content, the suc-
cess of these videos – which vary in length from 46seconds to
4minutes long – demonstrate the value of storytelling and interest
in poison prevention and resources. Paid campaigns are effective in
driving web traffic and enhancing awareness of critical health resour-
ces like the poison centres and the national infopoison.ca website.
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305. Implementation of Canada’s toll-
free number for poison centre service,
1-844-POISON X (1-844-764-7669)

Mark Yaremaa, Nancy Murphyb, Margaret
Thompsonc, Roy Pursselld, Richard Woottone, Danny
Sokolowskie, Ashvini Yogarajahe, Pamela Fusellif,
Stephanie Cowlef and Claire Westmacottf
aPoison and Drug Information Service, Alberta Health Services;
bAtlantic Canada Poison Centre; cOntario Poison Centre; dBC Drug
and Poison Information Centre; eHealth Canada; fParachute
Canada

Background: On average, Canadian Poison Centres process
300,000 calls/year. 60% of exposure calls from the public are man-
aged remotely, without the requirement for a physical interaction
with a healthcare facility. Prior to March 2023, there were nine dif-
ferent phone numbers used to access the five poison centres (PC)
in Canada. The 2020 Evidence Summary on the Prevention of
Poisoning in Canada published by Parachute and Alberta’s Injury
Prevention Centre recommended the development of the national
toll-free number to “simplify public education materials across the
country and overall create a seamless poison centre system
nationally.” An Ipsos survey in 2022 found that 70% of Canadian
adults had heard of PCs, but only 18% were aware of the resour-
ces available in their area. This confirmed the need for a national
approach as Canadians have a general awareness of PCs but may
lack clarity on how to contact one.
Methods: In 2013, the CAPCCT identified a pressing need to
Health Canada for a Canada-wide toll-free number to facilitate
access for PC help.A bilingual, meaningful vanity number, 1-844
POISON-X (1-844-764-7669) was secured to promote recall by the
public. To ensure the caller receives services from a poison centre
that serves their geographic location, the toll-free service prompts
callers to verify their location prior to being transferred to a PC.
Decision logic is based on the caller’s input and the caller’s location
is not extracted automatically. The caller receives a suggestion for
the province or territory corresponding with their area code, if rec-
ognized, to reduce subsequent menu options. In all cases, the
caller must confirm the province or territory from which they are
calling. Health Canada funded the implementation, maintenance,
and use of the toll-free number, at no additional cost to provinces
and territories. The telecommunications vendor will provide
monthly call data including date, time, caller city and province, call
duration and the final PC accepting the call. Existing poison centre
numbers remain in-service for health professionals.
Results: Health Canada, in collaboration with PCs and Tele-
Care New Brunswick, launched the toll-free number during
Poison Prevention Week, which took place 19–25 March
2023.With the toll-free number announcement and Parachute’s
paid ads, website visits to infopoison.ca increased from an
average of 40–70 visits per day to 1,136–1,649 visits per day.
When combined with a national public awareness campaign,
the launch of the national toll-free number in the United
States demonstrated an increase in call volumes of 9.9% at one
poison centre compared to pre-launch call volumes. We antici-
pate that annual call volumes to Canadian PCs may increase by
a similar amount.
Conclusions: Canada’s toll-free number will simplify access, allow
for timely call routing to the appropriate poison centre, and facili-
tate consistent messaging. This initiative will complement the cur-
rent implementation of the Canadian Surveillance System for
Poison Information (CSSPI), a collaboration between Health
Canada and PCs to systematically aggregate, analyze and interpret
pan-Canadian poison centre information in a timely fashion to
inform regulatory, public health and health security interventions.
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306. Eating horse paste: a
retrospective review of intentional
ivermectin ingestions reported in
the US

Alexia Armentaa and Michael Wahlb
aToxikon Consortium; bIllinois Poison Center

Background: During the COVID-19 pandemic, the public was
desperate for a cure for the disease. Misinformation regarding
alternative treatments, despite a lack of legitimate peer-reviewed
evidence, circulated. One of the most controversial treatments
was ivermectin. Early in the pandemic multiple publications
including an in vitro study, small studies, as well as meta-analy-
ses concluded that ivermectin was beneficial. A few members of
the medical community (e.g. America’s Frontline Doctors) and
social media influencers touted the drug as a miracle cure. Some
individuals who believed in the efficacy of ivermectin and were
unable to obtain the prescription formulation, resorted to ingest-
ing equine ivermectin paste. This study looks to quantify the use
and effects of equine ivermectin paste exposures in NPDS.
Methods: A retrospective review of National Poison Data System
(NPDS) data on intentional ingestions of equine Ivermectin paste
from 1 January 2014 to 31 December 2022, was performed.
Analysis on exposures per year, demographics, health care utiliza-
tion and clinical effects was undertaken.
Results: The NPDS query returned 146 cases total. Before 2020
the number of intentional ivermectin ingestions reported to poi-
son centers was minimal, consisting of 8 cases from 2014 to
2019. In the three years spanning the COVID-19 pandemic there
were 138 cases. There was a significant spike in cases in August,
2021 with 12 cases, peaking in September, 2021 with 25 cases.
Age of patients ranged from 6 years to 89 years old. Exposure by
gender was similar with 76 males and 68 females in the cohort.
Most cases were coded as minimal clinical effects possible
(19.9%) or minor effect (19.9%), with 16.4% of cases coded as
potentially having a toxic exposure. 1 death was coded in the
entire cohort, and the case was also coded as a viral illness. In
the majority of cases no specific symptoms were coded but the
5 most common symptoms included nausea, vomiting, dizziness,
and diarrhea. The two states with the most cases were Texas and
California, which are also the states with the highest horse cen-
sus, per data from The American Horse Council. Ivermectin horse
paste ingestions reported to poison centers had a significant
increase during the COVID-19 pandemic. Admission to the hos-
pital occurred 16.7% of the time (ICU and Non-ICU). The majority
of cases (61%) did not present to a healthcare facility or were
evaluated and released. Most patients had no specific symptoms,
but the most common coded symptoms were gastrointestinal
symptoms.
Conclusions: A limitation of the study is that there is only one
product code for equine ivermectin paste, however several
brands are available; there is likely a large underrepresentation of
human equine ivermectin exposures in the data. Human expo-
sures to equine ivermectin paste increased markedly between
2020 and 2021 and then fell again in 2022. Most of the inges-
tions were non to minimally toxic, however almost 16% of
patients required admission to the hospital.
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307. Ivermectin neurotoxicity
successfully treated with lipid
emulsion therapy: a case series

Schaffer Davida, Ryan Colea, Christy Medeusb and
Nathan Charltona
aDivision of Medical Toxicology, University of Virginia School of
Medicine; bDepartment of Medicine, Twin County Regional
Healthcare, Galax, VA, USA

Background: Ivermectin, a macrocyclic lactone used in both
human and veterinary medicine, is known to cause neurotoxicity
in overdose. During the COVID-19 pandemic, ivermectin toxicity
cases increased 5-fold from pre-pandemic baseline, and neurotox-
icity was the most common reported feature. Lipid emulsion ther-
apy has been successful in treating ivermectin neurotoxicity in
veterinary literature but remains underexplored in human
patients. This case series describes two human cases of suspected
ivermectin neurotoxicity treated with lipid emulsion therapy.
Case series: A 69-year-old female presented after ingesting iver-
mectin, zolpidem, and ketorolac in a suicide attempt. She pre-
sented with altered mental status and was intubated for airway
protection. Initial vital signs were otherwise within normal range.
After extubation on hospital day 2, she reported bilateral vision
loss with complete loss of peripheral vision and poor central vis-
ual acuity. MRI brain showed no abnormalities. She was treated
with 20% IV lipid emulsion over 30minutes, and her vision
returned to normal within several hours without regression. On
follow-up 5 days after discharge, she reported no issues with vis-
ual acuity. In a second case, a 46-year-old male self-medicated
with ivermectin, albendazole, and oxytetracycline for a suspected
scabies infection for 6–8 weeks. He presented with altered men-
tal status, encephalopathy, and an intention tremor. Laboratory
findings were remarkable for an INR of 2.2. A non-contrast CT
scan of the head showed no acute abnormalities. The patient
received two consecutive doses of 20% IV lipid emulsion therapy
at 1.5mL/kg over 18hours, resulting in marked improvement in
mental status and tremor the following morning. His INR grad-
ually declined and he was discharged home on hospital day 5.
Discussion: Ivermectin neurotoxicity is well-described in the vet-
erinary literature, with blindness and other neurological symp-
toms common in a variety of species. The mechanism of
ivermectin neurotoxicity is not entirely clear but may be related
to its activity as an agonist at GABA-A receptors. Saturation of P-
glycoprotein in overdose may lead to increased CNS penetration,
increasing the risk of neurotoxicity. Mutations of the ABCB1
gene, which result in loss of function of P-glycoprotein efflux
pumps, may also potentiate the risk of neurotoxicity. Ivermectin
is highly lipophilic, supporting a high predicted lipid extraction
efficiency and the potential efficacy of lipid emulsion therapy.
These two cases demonstrate rapid and sustained reversal of
ivermectin-induced neurologic symptoms following lipid emul-
sion therapy. We know of only one other case of ivermectin
neurotoxicity treated with lipid emulsion in a human patient.
Conclusions: This case series highlights the potential effectiveness
of lipid emulsion therapy in treating human ivermectin neurotoxicity.
Further research is needed to both understand the mechanisms of
ivermectin neurotoxicity and to support the use of lipid emulsion
therapy in management. A limitation of this series is the lack of
serum ivermectin concentrations, which are not routinely available
for clinical use. Other limitations include co-ingestion of other xeno-
biotics and absence of genetic testing for the ABCB1 gene.
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308. Inadvertent hydroxychloroquine
exposure presenting as Torsades de
Pointes in a patient taking off-label
fenbendazole and ivermectin

John Kellera, Stephen Petroua, Gregory Canfieldb,
Kara Lynchc and Craig Smollina
aCalifornia Poison Control System – San Francisco Division, San
Francisco, CA, USA; bCentral Coast Chest Consultants, Sierra Vista
Regional Medical Center, San Luis Obispo, CA, USA; cDepartment
of Laboratory Medicine, University of California San Francisco, San
Francisco, CA, USA

Background: Medications obtained without a prescription over
the internet may contain unknown dosing or alternative compo-
nents than those advertised and can result in serious toxicity. We
describe a case of QTc prolongation and Torsades de Pointes
(TdP) in a patient taking off-label fenbendazole, herbal supple-
ments and “ivermectin” later confirmed by liquid chromatog-
raphy-mass spectrometry (LC-MS) to be hydroxychloroquine.
Case report: A 75-year-old male with a history of metastatic
prostate cancer, hypothyroidism, and CKD stage III presented to
the emergency department (ED) with syncope. His family wit-
nessed an episode of vomiting followed by a period of unre-
sponsiveness and abnormal movements lasting several minutes.
In the ED, he was disoriented, raising suspicion for post-ictal
state. He denied prior seizure history, and endorsed taking 80 to
120mg of ivermectin daily for six weeks, as well as fenbendazole,
bloodroot, cat’s claw, nettle, and milk thistle as alternative treat-
ments for prostate cancer. The medications were purchased
online. ED workup was significant for a QTc interval of 528 msec,
and he developed intermittent episodes of TdP. He was given
magnesium sulfate, started on isoproterenol, and transferred to a
nearby hospital for higher level of care. The QTc interval contin-
ued to lengthen peaking at 640 msec by the end of hospital day
1. On hospital day 2, the QTc improved to 460 msec and iso-
proterenol was discontinued, with no further episodes of TdP. He
was discharged on hospital day 6 in stable condition. LC-MS per-
formed on blood from day of presentation was notable for fen-
bendazole metabolites as well as hydroxychloroquine, which the
patient denied taking. Ivermectin and its metabolites were not
detected.
Discussion: Fenbendazole toxicity in humans is poorly docu-
mented with only one other described case in the literature. We
confirmed a case of self-administered off-label fenbendazole as
well as a surprising case of inadvertent hydroxychloroquine
exposure. Fenbendazole is a benzimidazole antihelminthic medi-
cation approved solely for veterinary use. It binds to the colchi-
cine-sensitive site of beta-tubulin inhibiting microtubule
polymerization leading to impaired cell division and motility.
Hydroxychloroquine is a commonly used antirheumatic agent
with neurotoxic and cardiotoxic effects secondary to sodium and
potassium channel blockade. Toxicity may include seizures and
QTc prolongation that can progress to TdP. Our patient pre-
sented with seizure-like activity, grossly prolonged QTc interval
progressing to TdP, and other tachyarrhythmias. LC-MS did not
detect ivermectin but did isolate fenbendazole metabolites and
hydroxychloroquine. The patient’s clinical presentation was most
consistent with toxicity related to hydroxychloroquine exposure.
Conclusions: We document a rare exposure to the veterinary
antihelminthic fenbendazole, and inadvertent hydroxychloro-
quine exposure resulting in severe toxicity. LC-MS is an important
tool in identifying the specific toxic agents responsible for pro-
ducing observed clinical effects and can uncover the presence of
unexpected medications unaware to the patient or primary treat-
ing team. Physicians should be vigilant when taking medication
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histories, and pharmaceuticals procured online continue to pose
risks to patients.
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309. Over-the-counter availability of
ivermectin: a trending covid effect

April Tepfer, Samantha Lee, Mandy Slag,
Travis Olives and Jon Cole
Minnesota Poison Control Center

Background: Ivermectin, an FDA-approved antihelminthic medi-
cation for human and veterinary use available in prescription and
over-the-counter (OTC) products, was reported early in the Covid
pandemic as a potential prophylactic and treatment option as it
has documented antiviral activity in vitro. Poison Centers (PCs)
reported increased contacts in August 2021 regarding intentional
exposures to ivermectin. Our regional PC undertook the current
study to evaluate our experience and determine the OTC avail-
ability of ivermectin in a seven-county metropolitan area. This
study had three objectives. We sought to evaluate our regional
PC’s ToxiCallV

R

data during the Covid pandemic to assess the vol-
ume of calls regarding ivermectin. Concurrently, we evaluated
Google Trends data to describe searches made for ivermectin
during the same period. Finally, we sought to determine the
ease of purchasing OTC ivermectin products in retail establish-
ments in a seven-county metropolitan area in March of 2023.
Methods: PC call data were obtained by searching our regional
PC ToxiCallV

R

database for both information-seeking and exposure
calls regarding ivermectin from 1/1/2020 to 12/31/2022. We
searched Google Trends broadly for “ivermectin” queries over the
same period. We identified retail establishments within the same
seven counties, utilizing Google Maps queries for “pet supply,”
“veterinary supply,” and “tractor supply” excluding apparel stores,
commercial farms, duplication of establishments between
searches, grooming/boarding/pet daycares, humane society loca-
tions, identification/tags/radio frequency identification place-
ments, retail establishments determined to be outside the
inclusion region, stockyards, temporarily closed establishments
and veterinarian offices. Chain versus independent establish-
ments was determined by chains having greater than five stores
within the seven counties. We identified the availability of OTC
ivermectin; when none was identified a study investigator
queried store staff to verify its availability.
Results: A total of 139 calls were made to our regional PC over
the study period; 125 of these were regarding human exposures
to ivermectin, and the remaining were information-only calls. The
timeline of these calls was similar to the Google Trends data
which showed an uptrend of searches starting in July 2021, peak-
ing in November 2021, and decreasing to pre-pandemic frequen-
cies by December 2021. A total of 300 retail establishments were
identified; after exclusion 45 retail establishments were included
in the analysis. Ivermectin was found in nine (20%) establish-
ments: zero (0%) establishments categorized as pet supply, zero
(0%) establishments categorized as veterinary supply, and nine
(20%) establishments categorized as tractor supply establish-
ments in the seven-county area. Of the nine establishments
where ivermectin products were found, eight (89%) were catego-
rized as chain establishments.
Conclusions: During the Covid pandemic, exposures to ivermec-
tin products reported to our regional PC increased in a similar
fashion to Google searches. This corresponds with the ready
availability of OTC ivermectin throughout the studied metropol-
itan area and provides an opportunity to assess the safety of

readily available ivermectin at these sites. Limitations of this
study include a small geographic study area compared to the
catchment area of our regional PC, and results indicate ivermec-
tin availability at tractor supply establishments which are limited
in metropolitan areas.
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310. Ivermectin use patterns &
outcomes during COVID-19 in a
statewide poison network

Nicholas Lewisa, Lance Lewisa and Justin Arnoldb
aUniversity of South Florida; bFlorida Poison Information Center
Tampa

Background: Ivermectin is a broad-spectrum antiparasitic agent
that has shown indications in in vitro studies that it may possess
antiviral activity, particularly to envelopedþ ssRNA viruses such
as flaviviruses, lentiviruses, and coronaviruses. The previous inci-
dence of ivermectin exposures reported to the statewide poison
network was, on average, 20 exposures per year from 2001 to
2020, but increased significantly to 90 exposures per year after
ivermectin was touted as a possible intervention for COVID-19 in
2021. While side effects associated with ivermectin are typically
mild, severe neurotoxic effects including ataxia, respiratory fail-
ure, coma, and death have been associated with overdoses. We
conducted an IRB-exempt retrospective chart review using state-
wide poison center exposures to elucidate the trends underlying
ivermectin ingestion in the context of the pandemic and analyze
possible associations.
Methods: A retrospective chart review was performed on all
statewide exposures related to single substance ivermectin
exposure from 2001 to 2021 (n ¼ 492). Variables assessed
included age, gender, intentionality, management site, and out-
comes after exposure. Exposures from 2001 to 2019 were com-
pared to exposures from the COVID era from 2020 to 2021 only.
A two-sided t-test was used to compare incidences preceding
and following the onset of the SARS CoV-2 pandemic, with 20
January 2020, used as the time zero. This study was approved by
the local IRB.
Results: There was a 450% increase in exposures to ivermectin
reported to our network during the study period. There was no
significant difference in the gender distribution between cohorts.
We noted the largest increase in exposures in the 25 to 50-year
age range. Individuals were more likely to intentionally misuse
ivermectin (2.82–42.16% of cases, P ¼ 0.007) in 2021 compared
to previous years. There were no changes in exposures catego-
rized as either intentional suspected suicide or therapeutic errors.
Fewer patients were managed at home (50.95% of all patients in
2021 vs. 80% of patients prior, P < 0.001). Finally, there were no
statistically significant changes in any medical outcome.
Conclusions: Although the poison network noted an increase in
the total number of exposures, increased intentional misuse, and
less patients managed at home after ivermectin exposure during
COVID compared to the pre-COVID, there were no significant
changes in outcome. Poison Centers may be able to manage
more ivermectin exposures at home, despite changes in use pat-
terns during a global pandemic.
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311. Healthcare facility follow-up call
metrics – an analysis of call
components and external influences
within a single poison center

Justin Arnolda, William Doyle Jrb, Theo Sherb,
Diana Deana, Rahul Mhaskarb and Diep Nguyenb
aFlorida Poison Information Center Tampa; bUniversity of South
Florida

Background: Specialists in poison information (SPIs) are respon-
sible for following up exposure cases handled by their poison
control centers both for home calls and those managed in a
healthcare facility (HCF). Information on the amount of time,
components, and barriers with conducting a healthcare facility
follow-up call is poorly understood. We sought to describe these
challenges faced by SPIs by quantifying the individual compo-
nents of each call as well as any barriers the SPIs may experience
Methods: We conducted a retrospective observational study by
assessing a randomized block of HCF initial follow-up calls
between March and May 2022. The initial follow-up call was
assessed given it often requires the most effort on behalf of the
SPIs. One hundred and thirty outgoing calls (10 from each of 13
SPIs) were randomly selected. Researchers listened to each
recorded call and manually recorded observations. We recorded
the time for automated menus, time to reach provider, time for
provider preparation of data, time for provider to share data
(vitals, labs, etc.), time for SPI recommendations, and total time
of the call. To assess for differences by time of day, six four-hour
time blocks were assessed: 2am–6am, 6am–10am, 10am–2pm,
2pm–6pm, 6pm–10pm, and 10pm–2am. Additionally, days of the
week and variability amongst individual SPIs was assessed.
Descriptive statistics were calculated and Kruskal Wallis test used
to compare timing variables across different groups.
Results: Total time for initial follow-up calls was a mean of 7.75
(þ/� 3.66) and median of 7.2minutes. Most (67%) calls were
directed towards patients located in the emergency department.
When SPIs were unable to complete the follow-up calls it was
due to RN/provider being busy (37%), SPI being placed on ter-
minal hold (30%), no answer at all (19%) and other (14%). We
found statistically significant differences in the variability
amongst SPIs in the time for providers to share data (P <
0.0001), time for SPI recommendations (P ¼ 0.0076), and total
call time (P ¼ 0.0003). There were no statistically significant dif-
ferences in time for automated menus, time to reach provider,
time for provider preparation, time for provider to share data,
time for SPI recommendations, or total call time based on day of
the week or time of day.
Conclusions: We were able to characterize the total time of ini-
tial follow-up calls, the time required for all of the components
of initial follow-up calls, and the most common barriers SPIs face.
There were no statistically significant differences for any interval
based on the day of the week or any specific time block.
However, we did find significant differences in call time intervals
among the different SPIs at our poison control center. Such dif-
ferences may suggest a need for an updated methodology to
optimize how to obtain relevant information and provide suc-
cinct but complete recommendations. Leveraging this informa-
tion may be helpful to other poison centers in assessing
opportunities for improvement.
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312. Use of large language models to
optimize poison center charting

Nikolaus Matsler, Lesley Pepin, Shireen Banerji and
Christopher Hoyte
Rocky Mountain Poison and Drug Safety

Background: Nationally, poison centers (PCs) receive nearly 3
million annual calls with each case requiring extensive documen-
tation. Specialists in poison information (SPIs) contemporaneously
or anachronistically document through various software solutions
to capture critical case details for patient care, national reporting,
and future research. Current charting methods are time consum-
ing and prone to error, having the potential to directly impact
time available for patient care. Large language models (LLMs)
have improved over the last decade and are increasingly accur-
ate at various complex tasks. In this study, we sought to deter-
mine if LLMs could accurately interpret real world calls,
summarize case details, and abstract labs, vitals, interventions,
and recommendations.
Methods: Audio logs of calls from 2023 were sampled. Ten cases
involving human exposures managed in a hospital were selected.
Calls were manually transcribed into word documents with pro-
tected health information redacted. Vocal disfluencies were faith-
fully adapted to provide a real-world experience. The
transcriptions were fed into ChatGPT 4.0. Each call was given a
novel workspace and identical prompt asking the LLM to sum-
marize the call and to specifically abstract laboratory data, vital
signs, completed interventions, and recommendations into for-
mat separate from the summary. Tables were reviewed for accur-
acy. A novel rubric was created to grade the summaries based
on quality, accuracy, and acceptability to enter into the medical
record with scores ranging from 1 to 5. Three board-certified tox-
icologists independently graded the summaries applying the
rubric. Toxicologists had access to tabulated data as well for this
process.
Results: Ten calls were selected and ranged in length from 3:13
to 25:10minutes. Seven of these calls were SPI interactions only,
while three were between a provider, SPI, and fellow. Summaries
had an average score of 3.6 on the rubric, with only two summa-
ries having an average score less than 3.0, the cutoff for accept-
ability for entry into the medical record. Tables were compared
directly to transcripts, and, across all ten transcripts, there were
182 data points described, with the model successfully abstract-
ing all but 18 of them. Only one data point across all transcripts
was confabulated by the model.
Conclusions: SPIs at a large, regional PC have 90minutes of their
8-hour shift built in for charting, though sometimes must exceed
this. This represents a large inefficiency and can negatively
impact patient care and SPI wellness. In this study, a LLM dem-
onstrated the ability to swiftly complete documentation. Even
with this impressive accuracy, mistakes can still be caught by a
quick review of the produced content by a SPI and altered or
accepted as is. Further, abstracting information into tables dem-
onstrated excellent accuracy, especially for numerical data, such
as labs or vitals, which makes future data mining more feasible
for yet to be determined research projects. Future research
should be done to in-line this method in a real-world model to
further test feasibility, as the implications for efficiency and cost
savings are significant.
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313. The role of the poison center in
emergency response to a nitric acid
transport spill

Jessica E. Moa, Adiel M. Aizenberga, Shane Clarkb,
Josh B. Gaitherc, Jaiva B. Larsena, Robert N. Frenchd,
Farshad M. Shirazia and Frank G. Waltera
aArizona Poison and Drug Information Center; bPima County
Emergency Management; cTucson Fire Department, University of
Arizona; dTucson Fire Department, Arizona Poison and Drug
Information Center

Background: Over 3.1 billion tons of hazardous materials are
transported annually in the United States via truck, rail, and
water. In 2022, over 23,000 hazmat incidents occurred, involving
roadway transport in the United States. While most of these inci-
dents occurred during loading or unloading at a fixed facility,
about a third occurred during transit. These incidents cost tens
of millions of dollars, pose an environmental threat, and lead to
hospitalizations and fatalities. The majority of hazmat incidents in
our area occur on roadways.
Case report: A semi-truck ran off Interstate 10 and rolled into
the median, rupturing and releasing an initially unknown liquid
and red-orange gas. EMS notified toxicologists at our Poison
Control Center (PCC) that the hazmat team was dispatched.
Within minutes, our toxicologists reviewed images from social
media and officials on scene, and recognized the plume had the
classic appearance of nitrogen dioxide. We conveyed this to inci-
dent command, which had already determined the wind direc-
tion and activated a shelter-in-place order for a one-mile radius.
The hazmat team on scene then confirmed the truck’s contents
as nitric acid via a transportation label with UN number 2031
and the bill of lading. The Department of Public Safety (DPS)
closed Interstate 10 and re-routed traffic. Early identification of
the toxicant and the action of Fire Department teams, EMS,
Department of Health, DPS, and local hospitals allowed for
smooth isolation of the affected area, minimizing potential expo-
sures. The day after the incident, the PCC and Department of
Health released multiple press releases and an informational
pamphlet for the public. In total, our PCC fielded 76 cases related
to the incident: 12 who self-referred to healthcare facilities, 5
whom our PCC referred to healthcare facilities due to respiratory
or ocular symptoms, and 59 managed at home. EMS transported
one individual from a property closest to the incident. No
patients required hospital admission or treatment.
Discussion: Our PCC has a long history of working with local haz-
mat teams and is represented in the local emergency planning
committee. Our specialists participate in regional hazmat exercises
and our toxicologists train paramedics on prehospital guidelines,
including the courses Advanced Hazmat Life Support Provider
Course and Advanced Hazmat Life Support for Toxmedics. This
close collaboration leads to our PCC’s real-time involvement dur-
ing major hazmat incidents. This collaboration potentially pre-
vented exposure to a deadly toxicant and decreased the burden
of patients self-referring to Emergency Departments. Furthermore,
our collaboration allows documentation of potential exposures in
the PCC database, producing an exposure registry for public
health, and allowing for ongoing follow up.
Conclusions: Poison Control Centers can play an important role
in hazmat incidents, including identifying toxicants, crafting pub-
lic information statements in coordination with local emergency
management and public health agencies, minimizing self-refer-
rals, and assisting healthcare facilities in evaluation and treat-
ment. Furthermore, this partnership assists the emergency
response teams in responding to the dangers of hazardous mate-
rials, guides healthcare facilities’ preparedness teams, and allows

for management and follow-up of exposed individuals in a public
health registry.

KEYWORDS Hazmat; nitric acid; nitrogen dioxide

jemo@arizona.edu

314. An apple watch a day

Marlis Gnirke, Samara Soghoian and Rana Biary
Department of Emergency Medicine, Division of Medical
Toxicology, NYU

Background: Multiple wearable technology devices including the
Apple Watch, Samsung Galaxy Watch, and Fitbit added blood oxy-
gen monitoring features to their devices in 2020, likely in response
to a heightened public interest due to COVID-19. These devices use
pulse oximetry, a technique in which light of differing wavelengths
is shined into perfused tissue and the amount of light emitted
through (or reflected back from) tissue during pulsatile flow is used
to calculate estimated oxygen saturation. Most medical-grade pulse
oximeters emit light at 660 and 940 nanometers (nm), selected
based on the ranges of the maximal absorption of deoxyhemoglo-
bin and oxyhemoglobin, respectively. Methemoglobin absorbs light
at both these wavelengths, and methemoglobinemia causes inaccur-
ate readings in medical-grade pulse oximeters. We report a case of
a patient with methemoglobinemia in which an abnormal reading
by a wearable device led to their presentation to the hospital.
Case report: A 42-year-old male with a past medical history of
valve surgery, cardiac ablation, HIV on antiretroviral therapy, and
anxiety presented to the hospital with a chief complaint of low
oxygen saturation. He reported that he had been inhaling iso-
butyl nitrite (“poppers”) for approximately three hours when his
Series 7 Apple Watch alerted him to a decreased oxygen satur-
ation of 81%. The patient ceased inhalation and looked in the
mirror where he noticed that his skin looked blue. He then noted
symptoms of lightheadedness, palpitations, and chest pain and
activated EMS. His vital signs on arrival to the emergency depart-
ment were notable for an oxygen saturation of 90%, which did
not change with administration of supplemental oxygen. His
exam was notable for cyanosis. A venous blood gas demon-
strated 19.2% methemoglobin. In consultation with the poison
center, the patient was treated with 1mg/kg methylene blue.
The patient’s symptoms and cyanosis resolved, his pulse oximetry
reading improved to 96%, and he was discharged home.
Discussion: The Blood Oxygen feature on the Apple Watch uses
pulse oximetry with light emitted at wavelengths of 660 and 850nm
onto dorsal wrist tissue. Methemoglobin absorbs light at both wave-
lengths and is thus expected to interfere with the calculations used
by this application similarly to the interference seen with medical-
grade pulse oximeters. While the estimated oxygen saturation
becomes inaccurate, pulse oximetry remains useful in the diagnosis
of methemoglobinemia as the calculations still yield a saturation
reading below normal. Excess inhalation of isobutyl nitrite causes
methemoglobinemia. In this case, the abnormal oxygen saturation
measured by this patient’s wearable technology device provided the
first indication of methemoglobinemia, preceding the recognition of
cyanosis or symptoms, and prompted discontinuation of exposure as
well as timely presentation to the hospital for treatment.
Conclusions: Methemoglobinemia is detected as an abnormal
oxygen saturation by the pulse oximetry methods used by the
Blood Oxygen feature on the Apple Watch. Oxygen saturation
features on wearable technology can aid in recognition of
methemoglobinemia.
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315. No need to panic: multidisciplinary
response coordinated by regional
poison center in a series of reported
self-poisonings with ricin extracted
from castor beans

Alyssa Klotza, Carrie Oaklanda, Samantha Leea,
Ann Arensb, Travis Olivesa and Jon Colea
aMinnesota Poison Control System; bMinnesota Poison Control
System, Ochsner Health Center

Background: Ricin is a ribosome-inactivating protein considered
a category B bioterror agent and weapon of mass destruction.
Ricin is naturally produced in seeds of the widely-available castor
bean plant (Ricinus communis). Ricin extraction recipes are readily
available online. For suspected ricin exposures, Poison Centers
(PCs) may play an important role. We describe a series of
patients who reported deriving ricin from castor beans and the
subsequent coordinated responses.
Case series: Case 1: 21-year-old woman in high-density housing
insufflated and ingested 7 capsules containing powdered ricin that
she extracted from castor beans. On ED presentation, she had nau-
sea, vomiting, diarrhea, abdominal and chest pain and received acti-
vated charcoal. Serial urine ricinine levels trended down from 42ng/
ml on hospital day (HD)#1 to 17.6ng/ml on HD#2, with a slight
increase (33.1ng/ml) on HD#2, coinciding with transient worsening
of gastrointestinal symptoms. No laboratory abnormalities occurred;
she was transferred to a psychiatric facility on HD#4. The local fire
department was first contacted and ordered an immediate building
evacuation. Given its weapon of mass destruction classification fed-
eral resources were activated. The Federal Bureau of Investigation
(FBI) and National Guard (55th Civil Support Team) secured the
scene. The PC advised on personal protective equipment guidance
and coordinated with the state health department (SHD) for biologic
testing of the patient’s urine within hours. At least 7 additional calls
or presentations to local hospitals were reported and media stories
regarding the incident persisted for days. Case 2: 39-year-old man
arrived at an ED for mental health evaluation, saying he touched
ricin 2 days prior. He described performing ricin extraction from cas-
tor beans at his residence. Mental health providers contacted the
PC, who recommended isolation and decontamination. He was
showered, isolated, and observed for 8hours; no symptoms devel-
oped. The PC contacted the state duty officer who contacted the
FBI. Urine ricinine, obtained 4hours after presentation and again
coordinated between the PC and SHD, was negative. The FBI
secured the scene and determined no paraphernalia was present.
The patient was admitted to a psychiatric bed that evening. No
media stories appeared, nor were any additional PC calls received.
Discussion: We present contrasting cases of reported ricin poi-
soning from castor bean extraction, with one being a true poi-
soning. In both cases immediate detection of the patient by a PC
resulted in a multi-agency coordinated response to minimize
public health risk and rapidly identify if poisoning truly occurred.
Multi-agency responses are required to quickly and effectively
respond to similar future incidents. These cases demonstrate the
importance of timely recognition of such cases by PCs, and the
importance of having clinical toxicology experts involved in coor-
dinating responses to incidents.
Conclusions: Our PC successfully cooperated with state and fed-
eral resources to minimize harm and mass panic during true or
purported ricin poisonings. Appropriate decontamination, lab
monitoring and observation periods were established due to
timely direct communication between clinical toxicology experts,
bedside caregivers, and first responders. Our workflow may be
useful for future encounters.

KEYWORDS Ricin; weapon of mass destruction; bioterrorism

alyssa.klotz@hcmed.org

316. “What’s a CHEMPACK?”– an
interdisciplinary effort to educate and
train healthcare providers and first
responders before a large-scale
community event

Maureen Roland, Kaitlin Ryan and Bryan Kuhn
Banner Poison and Drug Information Center

Background: CHEMPACK is a national program funded by the
Administration for Strategic Preparedness and Response (ASPR)
and is an extension of the Strategic National Stockpile (SNS) pro-
gram. CHEMPACKs are containers of nerve agent antidotes (e.g.,
atropine, pralidoxime, and diazepam) placed in secure locations
in local jurisdictions around the country to allow rapid response
to a nerve agent or organophosphate exposure. CHEMPACK is a
first responder asset that provides these antidotes for individuals
exposed to nerve agent attacks and large-scale organophosphate
(pesticide) poisonings. In preparing for a large-scale community
event, the poison center’s host facility was identified as housing
a CHEMPACK hospital container. However, there were no policies
or protocols other than monthly pharmacy department Standard
Operations Procedure (SOP) for medication inspection. When key
staff were asked about the location and contents of the
CHEMPACK, and how to activate in the event of an emergency, a
gap in knowledge was identified.
Methods: The poison center participated in an 8-hour scenario-
based tabletop exercise, attended by local, state and federal dis-
aster relief agencies, hospital-based healthcare providers, and first
responders. The scenario described a hypothetical nerve agent
release resulting in a mass casualty exposure at a large public
gathering. The goal of the scenario was to review current policies
and protocols on mobilizing CHEMPACKs and identify any gaps
in identifying a nerve agent or organophosphate exposure, com-
municate with responders and facilitate deployment of
CHEMPACK. Education was provided on how to recognize a
chemical release and assure rapid delivery of the appropriate
treatment. Realtime training was provided by the poison center
and department of medical toxicology to the poison center’s
host facility hospital staff including decontamination process,
CHEMPACK location and contents, treatment algorithms, and
how to access additional resources. Facility-wide emergency alert
methods were tested to ensure communication lines were
effective.
Results: An internal healthcare facility protocol for CHEMPACK
activation was created, which included the poison center and the
department of medical toxicology notification. The protocol lists
contact information for all important personnel, treatment algo-
rithms, CHEMPACK location, keys, and a list of contents.
Conclusions: Poison Centers are integral partners in emergency
preparedness within the community, healthcare systems, first res-
ponders, and health departments. Toxicology education and
training should be at the forefront of these response efforts.
Poison Centers should create protocols with their local and state
emergency preparedness teams to establish themselves as a cen-
tral information hub to act as advisors about treatment and assist
in managing resources.
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317. Text me your pic: do photos
improve poison center case
management?

Abigail Jackson, Darlene Green, Tatum Secor and
Julie Weber
Missouri Poison Center

Background: This poison center has had the capability to receive
texted photos from patients and health care providers since
2016. Specialists in Poison Information (SPIs) obtain photos of
product labels, plants, foreign bodies, etc. to improve case man-
agement, but also anticipate added value in obtaining photos to
assess dermal symptoms. Relevant telemedicine studies evaluat-
ing photo-texting of skin findings compared to in-person examin-
ation were reviewed. In addition, there are a number of practical
considerations to accommodate photo-texting legally, compe-
tently, and with high patient satisfaction. These include HIPAA
constraints, secure text transmission, secure storage, reliable link-
age to the patient record, costs of additional storage, accurate
clinical interpretation of the photos, and written guidelines to
promote consistency in practice among SPIs.
Methods: CINAHL, PubMed, and the Northeast Telehealth
Resource Library were searched using the keywords “photographs,”
“skin assessment,” and “telemedicine.” Nineteen relevant articles
were reviewed. Common themes addressed included diagnostic
accuracy, technology, cost, and time spent by providers. Each rele-
vant article was evaluated based on the Johns Hopkins Evidence-
Based Practice Model for Nursing and Healthcare Professionals.
Results: Available evidence supports the use of photos in the tri-
age, management, and diagnosis of dermal conditions in telehealth
practices. Several studies demonstrate high diagnostic accuracy of
photos compared to in-person assessments and a reduced referral
rate for in-person evaluation. Additionally, patients who text photos
to providers report increased satisfaction with their care. However,
no studies have evaluated the use of photos for dermal assess-
ments specifically at poison centers. The full impact on cost for poi-
son centers is unclear. Literature points to cost reduction, but only
compared to in-person evaluations. No studies examined the costs
of photo utilization in a strictly telecommunication-based service.
Moreover, HIPAA-compliant technology to securely receive and
document images, data storage limitations, and dedicated technol-
ogy support impact department costs. The process of obtaining,
documenting, assessing, and storing photos may place additional
burden on lean staffing patterns. SPIs must be trained in the proce-
dures required for photo utilization and documentation, in addition
to having appropriate dermal assessment skills. Furthermore, phys-
ician or advance practice provider consultation must be available to
validate SPIs’ evaluation for accurate diagnosis. It is unclear how
this influences case management times. Finally, patients must have
access to reliable data or Wi-Fi to send photos and the poison cen-
ter must have a reliable, secure connection to receive them. This
barrier is particularly acute in rural areas. And, while 85% of
American adults report owning a smartphone in 2021, this leaves
�15% of the population without the capability to text photos.
Conclusions: Texted photos add value to remote dermal assess-
ments and this poison center has the existing technology to util-
ize them. Next steps include determining the impact of texted
photos for dermal assessment on staffing and case management
times, as well as evaluating the photo documentation process for
inefficiencies. Creating a guideline for consistent use of these
resources would be valuable to this poison center.
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318. Lye-ability

Niki Ritchie, Amy White, Erin Ryan and William Rushton
Alabama Poison Information Center

Background: Lye or sodium hydroxide (NaOH) is an alkaline cor-
rosive found in household cleaners, drain openers, hair relaxers,
and even automobile air bags. It triggers liquefactive necrosis by
a process called saponification which impacts the fats in the cell
membrane. We discuss a pediatric case where just a taste of 99%
sodium hydroxide caused grade IIb circumferential burns to the
esophagus necessitating placement of a nasogastric tube.
Case report: A seven-year-old female was inadvertently exposed to a
taste ingestion of lye beads (sodium hydroxide 99%, pH 13.0–14.0). A
parent had used a spoon to stir the sodium hydroxide then rinsed it
with water. The child placed the utensil in her mouth and immediately
experienced discomfort and sialorrhea. Her lips and tongue became
erythematous. Due to her symptoms, the patient was evaluated in the
emergency department. Esophagogastroduodenoscopy completed the
following day showed grade IIb caustic esophagitis and circumferential
burns in the proximal and medial esophagus; no damage to the stom-
ach or duodenum was noted. Due to the risk of esophageal perfor-
ation, a nasogastric tube was inserted and enteral feeding initiated.
The patient was discharged on day five with prescriptions for omepra-
zole and sucralfate and instructions to follow a clear liquid diet. Follow
up barium swallow study eight days later revealed no definite stricture,
spasm, or mucosal irregularities at which time diet was advanced to
thick liquids. The patient was seen in gastroenterology clinic 12 days
post-discharge where the nasogastric tube was removed and sucralfate
discontinued. Continued follow up was planned to assess long-term
effects of caustic ingestion and monitor for stricture formation.
Discussion: Lye is a strong alkali with the potential to cause signifi-
cant burns to the gastrointestinal tract when ingested. Previous
studies of caustic ingestions report cases of severe sequelae in pedi-
atric patients ingesting the product. These exposures also have the
potential for long-term effects; in one recent case report, a 53-year-
old adult female who ingested lye as a child developed complica-
tions including progressive dysphagia well into adulthood. The case
presented here is notable for the inadvertent seemingly negligible
exposure to lye residue on a previously rinsed spoon that nonethe-
less led to significant esophageal injury.
Conclusions: This report adds necessary evidence to the body of
literature indicating that even in very small amounts, when
ingested, lye can be extremely harmful. Not only are children at a
greater risk of accidental ingestion, but complications from the
exposure may last a lifetime. While it is likely that the incidence of
lye ingestions have decreased since the Poison Prevention
Packaging Act was put into place in 1970, it is imperative that these
cases are treated as potentially serious and monitored diligently.
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319. Barriers to the performance of
hemodialysis when recommended by
one poison center

Marlis Gnirkea, Emily Daviesb, Robert S. Hoffmana

and Mark K. Suc
aDepartment of Emergency Medicine, Division of Medical Toxicology,
NYU; bNew York City Department of Health and Mental Hygiene,
Bureau of Epidemiology Services; cNew York City Poison Center

Background: Hemodialysis is an extracorporeal treatment used
to enhance elimination of select toxins. In our experience,
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hemodialysis is often not performed despite recommendation
from the poison center (PC). A pilot study that sought to identify
factors and barriers to the performance of hemodialysis indicated
that the odds of receiving hemodialysis were lower when recom-
mended outside of regular business hours (nighttime and week-
ends). We updated and improved this analysis by expanding the
dataset and manually reviewing charts to address the limitations
of coding documentation.
Methods: This was a retrospective chart review from a single PC
from 1/1/2000 to 12/31/2019. A keyword search of the PC data-
base identified all patients for whom hemodialysis was recom-
mended or performed. Charts were manually reviewed by a co-
investigator. All cases of adults aged 18 years or older for whom
hemodialysis for toxin removal was recommended were included.
Cases were excluded if: hemodialysis was initiated or completed
prior to PC involvement; the decision for hemodialysis was made
independent of or against PC recommendations; hemodialysis
was performed for purposes other than toxin removal; the
patient or their proxy refused hemodialysis; or charts were
incomplete with respect to the outcome or covariates. Univariate
logistic regressions were performed, with receiving hemodialysis
within 12hours of PC recommendation as the outcome on each
of the following covariates: age group, gender, hour of day of
recommendation, day of week of recommendation, year of rec-
ommendation, hospital location, and toxin category. Multivariate
logistic regression was then performed on the outcome, adjust-
ing for the previous covariates.
Results: There were 1302 cases identified in the database. After
exclusion criteria, 535 cases remained in the analysis. 48% had
hemodialysis recommended during the “daytime” (6:00AM –

5:59 PM) and 71% had hemodialysis recommended on
“weekdays” (Monday 6:00AM – Friday 11:59 PM). The univariate
analyses showed that the odds of receiving recommended
hemodialysis within 12 hours were significantly lower when rec-
ommended during the nighttime (OR ¼ 0.641, P ¼ 0.0250) com-
pared to daytime, during the weekend (OR ¼ 0.573, P ¼ 0.0076)
compared to weekdays, and to urban hospitals in the PC catch-
ment area (OR ¼ 0.588, P ¼ 0.0351) compared to non-urban hos-
pitals. There were no statistically significant differences in odds
among the most common toxins for which HD was recom-
mended (aspirin, lithium, metformin, toxic alcohols, and other).
After controlling for covariates, nighttime (OR ¼ 0.660, P ¼

0.0428) and weekend (OR ¼ 0.605, P ¼ 0.0183) remained signifi-
cant factors; hospital location was no longer significant after
adjustment (OR ¼ 0.594, P ¼ 0.0507).
Conclusions: This study suggests that when recommended by
the PC, the actual performance of hemodialysis within 12 hours is
associated with the time of day and day of week that the recom-
mendation is made. Patients who require hemodialysis during
non-weekday times have lower odds of receiving timely hemodi-
alysis. Hospital administrators and health care providers should
be aware of this treatment obstacle for poisoned patients and
facilitate timely hemodialysis.
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320. Pediatric opioid exposures in the
United States (2012–2022)

Rita Faraha, David H. Schafferb, James Vithoulkasa

and Christopher P. Holstegea
aSchool of Medicine, University of Virginia; bUniversity of Virginia
Health

Background: The significant impact of opioid use on morbidity
and mortality rates among adults in the United States has been
widely studied and acknowledged. The detrimental effects on

children have received considerably less attention. This study
aims to explore patterns in the prevalence and related health
consequences of opioid exposures among the pediatric popula-
tion in the US.
Methods: We conducted a retrospective review of the US
National Poison Data System (NPDS) between 2012 and 2022.
We assessed trends in exposures among children aged 0 to 5
years and children aged 6–9 years. Type of substance exposure,
medical outcome, and the level of care are reported. Poisson
regression was used to identify trends in counts and rates (per
100 pediatric opioid exposures) over the study period.
Results: In 2022 there were 4,009 reported opioid exposures to
NPDS in children aged 0–9 years, a decrease from 10,883 expo-
sures in 2012. However, among children aged 5 years and
younger, the rate of admissions to critical care units (CCUs)
steadily increased from 6.5% in 2012 to 16.1% in 2022
(P< 0.001). Similarly, the rate of admissions to CCUs among chil-
dren aged 6–9 years increased from 1.9% in 2012 to 7.6% in
2022 (P ¼ 0.0031). The number of exposures resulting in a major
effect in children aged 0 to 5 increased from 1.1% in 2022 to
10% in 2022 (P< 0.001), and from 0.05% in 2012 to 5.4% in 2022
(P ¼ 0.001) among children aged 6–9 years. Analysis of substan-
ces revealed an increase in buprenorphine exposures among chil-
dren aged 0–5 from 11% in 2012 to 26.8% in 2022 (P< 0.001),
and children aged 6–9, (3.7% in 2012 to 11.3% in 2022; P ¼

0.008). Methadone exposures among both age groups did not
change significantly during the study period. Prescription fen-
tanyl-related exposures steadily increased among children aged 0
to 5 from 0.42% in 2012 to 5.2% in 2022 (P< 0.001), and from
0.05% in 2012 to 3.7% in 2022 (P ¼ 0.003) among children aged
6 to 9. Exposures to illicitly manufactured fentanyl, first captured
in NPDS in 2019, reached 6.4% in 2022 among the 0–5 age
group. Other prescription opioids in this study, including trama-
dol, acetaminophen-oxycodone, and acetaminophen-hydroco-
done all steadily decreased in exposure percentage over the
study period in both age groups.
Conclusions: Despite a decrease in the total number of opioid
exposures in the 0-9-year-old age group reported to US poison
centers during the study period, the percentage of pediatric
patients requiring CCU care steadily increased during the study
period. The percentage of opioid exposures due to prescription
fentanyl markedly increased and the percentage of buprenor-
phine-related exposures more than doubled. Exposures to most
other pain relief formulations have decreased, indicating a
change in the profile of opioid exposures among pediatric
patients. As major effect outcomes are increasing, action is
needed to further limit pediatric exposures to these substances.
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321. Pediatric exposures to nicotine
devices and nicotine solutions
reported to United States poison
centers: a summary of NPDS cases
from 2010–2022

Robert Miller and Shawn Varney
UT Health San Antonio

Background: Nicotine is an addictive substance commonly used
recreationally. Though cigarette use has declined, it has been
partially replaced by handheld vaping devices. An unintended
consequence is increased pediatric access and exploratory expo-
sures to nicotine devices and solutions. Nicotine exposures tend
to be self-limiting due to the low amount of nicotine in
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traditional individual products. However, solutions are concerning
because of their accessibility and high concentration. In contrast,
nicotine devices have small reservoirs and children struggle to
inhale from the device properly. Our objective was to describe
nicotine exposure in pediatric patients with nicotine devices
compared to nicotine solutions.
Methods: Data were acquired from the National Poison Data
System from 2010 to 2022. Inclusion criteria were children 5
years of age and younger with acute, unintentional exposure to
nicotine devices or liquids. Exposures to other sources of nicotine
were excluded. The primary outcomes were admission rates and
clinical effects among children with an exposure to nicotine
device or liquid exposure. Descriptive statistics were used along
with Fisher’s exact test.
Results: In total, 17,789 device exposures and 8,463 liquid expo-
sures met criteria from 2010 to 2022. The mean age and weight
were 1.7 years and 12 kilograms. Exposures to nicotine devices
(12,778, 71.8%) and nicotine liquids (5,365, 63.4%) were mostly
managed at home. For cases originating from a health care facil-
ity (HCF) or requiring a HCF referral, 4,848 (27.3%) were from
devices and 3,000 (35.4%) were from liquids; 3,552 (73.3%) device
exposures and 2,268 (75.6%) liquid exposures were evaluated,
treated, and released; 138 (2.8%) device exposures and 68 (2.3%)
liquid exposures were admitted. Hospital admission rates were
statistically similar between nicotine devices and liquid exposures.
Among cases followed to a known outcome, 10,005 (62.0%) expe-
rienced no effect, 5,726 (36.0%) a minor effect, 304 (1.9%) a mod-
erate effect, and 12 (0.1%) a major effect. One death occurred in
each group. Clinical effect duration was mostly less than 2hrs.
(4,759, 78.8%). Clinical effects for nicotine devices and liquids
included fussiness (195, 1.1% and 89, 1.1%), gait disturbances (56,
0.3% and 23, 0.3%), CNS depression (363, 2.0% and 174, 2.1%),
cough/choke (3,044, 17.1% and 1,175, 13.9%), nausea/vomiting
(2,503, 14.1% and 1,248, 14.7%), oral/throat irritation (201, 1.1%
and 84, 1.0%), tremor (35, 0.2% and 22, 0.3%), and tachycardia
(182, 1.0% and 80, 0.9%); there was no statistically significant dif-
ference in clinical effects between the groups. Home interventions
included hydration (15,468, 58.9%) and food (4,714, 18%). For
children managed in a hospital, the most common interventions
were intravenous fluids (236, 3.0%), antiemetics (138, 1.8%), acti-
vated charcoal (170, 2.1%), and benzodiazepines (n¼ 53, 0.6%).
Seven children were intubated (0.01%).
Conclusions: Clinical effects and admission rates were similar for
pediatric exposures to nicotine devices and liquids. Poison cen-
ters should continue to assess nicotine exposures based on the
suspected nicotine amount ingested, time of exposure, and the
child’s symptoms when making a referral decision. Any assump-
tion about severity based on the exposure being from a nicotine
device or liquid appears misguided.
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322. Pediatric meclizine exposures
reported to US poison centers
nationwide

Breanna Pancioli, Jonathan Colvin,
Sheila Goertemoeller and Shan Yin
Cincinnati Children's Drug and Poison Information Center

Background: Meclizine is a first-generation antihistamine with
anticholinergic properties that is available over-the-counter.
Common brand names include BonineV

R

, AntivertV
R

, and
Dramamine Less DrowsyV

R

, which are available as flavored chew-
able tablets that may be enticing to young children. To mitigate
accidental exposures, these products are often packed in child-

resistant bottles or blister packs. Current available oral dosage
strengths include 12.5, 25, and 50mg. Meclizine is approved
therapeutically for ages > 12 years for motion sickness and ver-
tigo with a starting dose of 25mg. Literature on safe triage doses
in younger children is limited to one case series from 1988 involv-
ing 12 children. This study describes pediatric meclizine exposures
reported to US poison control centers over a five-year period.
Methods: A retrospective review of pediatric meclizine exposures
reported to the National Poison Data System (NPDS) from 2017
to 2021 was performed. Inclusion criteria was limited to single
substance human ingestions involving children (aged < ¼ 6
years) with an exposure reason of unintentional general or unin-
tentional therapeutic error. Confirmed non-exposures were
excluded. Meclizine products were isolated using Micromedexs

R

product identification codes. Trend analysis and descriptive statis-
tics were performed using absolute case counts and relative
proportions.
Results: A total of 4,076 cases were identified to meet inclusion
criteria. Of these, most cases (94%) were coded as Unintentional
General, and the gender distribution was nearly equal. The
majority of exposures (87%) involved children aged 1-3 years.
The dose ingested was listed as a quantity of tablets in 44% (n
¼ 1,781) of cases and a quantity of milligrams (mg) in 35% (n ¼

1,411). Among cases with an “exact” dose ingested (n ¼ 733),
84% of cases involved a total dose ingested < ¼ 50mg and 66%
involved < ¼ 25mg. Overall, there were no clinical effects
reported in 90% of reported cases and among patients followed
to a known medical outcome (n ¼ 2,029), 84% were asymptom-
atic. No fatalities or major effect medical outcomes were
reported. The most frequent clinical effects included mild central
nervous system (CNS) depression (n ¼ 135, 3.3%), drowsiness/
lethargy (n ¼ 129, 3.2%), agitation (n ¼ 44, 1.1%), tachycardia (n
¼ 35, 0.9%) and vomiting (n ¼ 30, 0.7%). Among cases that were
initially triaged by the poison center (n ¼ 3600), 17% of patients
(n ¼ 606) were referred to a healthcare facility (HCF) for further
observation and/or treatment. Of these, 84% (n ¼ 509) had no
symptoms and 1.5% (n ¼ 9) resulted in a moderate effect out-
come. Among all patients treated in a healthcare facility (n ¼

995), 14 (1.4%) received intravenous fluids, 4 received benzodia-
zepines, and 1 received oxygen. None of the patients who
received care in a HCF required advanced airway, CNS, or cardio-
vascular support.
Conclusions: Over 4,000 pediatric meclizine exposures were
reported to US poison centers from 2017-2021 and the vast
majority (> 99%) of patients experienced no more than minor
effect outcomes. This retrospective case series highlights that
most patients can be managed safely in the home setting with
poison center follow-up.
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323. TikTox – impact of social media
challenges on pediatric single use
detergent sacs and diphenhydramine
ingestions reported to United States
poison control centers

Lea Dikraniana, Varun Vohrab, Omid Mehrpourc,
Usha Sethuramana and Nirupama Kannikeswarana
aChildren's Hospital of Michigan; bMichigan Poison & Drug
Information Center at Wayne State University School of Medicine;
cRocky Mountain Poison and Drug Center

Background: Social media platforms have become ubiquitous in
the lives of children and adolescents. TikTokTM has risen quickly
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in global popularity, with over 1.6 billion users worldwide, most
of whom are under 24 years of age. TikTokTM challenges are
short viral videos imploring viewers to recreate tasks, some of
which involve performing risky behaviors. The Tide PodV

R

and
BenadrylV

R

challenges encouraged viewers to ingest these sub-
stances, with the former resembling Jell-OV

R

and the latter pro-
ducing hallucinogenic effects. The impact of these challenges on
cases reported to United States (US) Poison Control Centers
(PCC) has not been comprehensively evaluated. Our objective
was to characterize the impact and outcomes of single use deter-
gent sacs (SUDS) and diphenhydramine challenges in pediatric
cases reported to US PCCs.
Methods: A retrospective review of pediatric exposures reported
to US PCCs using data abstracted from the National Poison Data
System (NPDS) was performed. Inclusion criteria encompassed
intentional single-substance ingestions of both brand name and
generic forms of SUDS and diphenhydramine in children �19
years old. We evaluated, using comparative analyses, the inci-
dence, clinical effects, disposition, and management associated
with SUDS and diphenhydramine ingestions during the year the
respective TikTokTM challenge was introduced compared to the
previous year’s data. The Tide PodV

R

challenge was introduced in
January 2018, while the BenadrylV

R

challenge was introduced in
September 2020. A Chi-square test was used to compare the dif-
ferences in categorical variables between the two time periods. A
significance level of < 0.05 was used.
Results: A total of 469 ingestions of SUDS and 5732 ingestions of
diphenhydramine were reported during the study time frame. An
increase in the number of SUDS (pre: 82 vs. post: 387; 287%
increase) and diphenhydramine ingestions (pre: 974 vs. post: 4758;
388% increase) was noted during the pre-and post-TikTokTM peri-
ods. There was a significant increase in SUDS ingestions among the
13–19-year-old age group with school exposures increasing post-
TikTokTM challenge. There were also significant increases among
females and suicidal intention in diphenhydramine ingestions post-
TikTokTM challenge. The use of benzodiazepines, cathartics, and irri-
gation in SUDS ingestions increased by 100, 100, and 247%,
respectively. Benzodiazepine, anticonvulsant, sodium bicarbonate,
and physostigmine use increased by 470, 733, 480, and 350%,
respectively, in diphenhydramine ingestions. Significant interven-
tions such as endotracheal intubation, vasopressors, and cardiopul-
monary resuscitation increased by 269, 133, and 300%, respectively,
in diphenhydramine ingestions. There were four deaths associated
with diphenhydramine ingestions post-TikTokTM challenge.
Conclusions: This study demonstrated an increase in pediatric
ingestions reported to US PCCs coinciding with Tide PodV

R

and
BenadrylV

R

TikTokTM challenges. Though these results do not infer
causality, this study highlights the need for parents, health pro-
fessionals, and public health officials to exercise oversight and
report dangerous social media challenges to mitigate serious
adverse events. Sustained vigilance of online activity can help
inform the public of potential risks associated with social media
challenges, promote healthy and responsible Internet use, and
support further content moderation efforts.
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324. 70 Years of use without pediatric
data: triprolidine

Thuy Nguyen, Mark Morrow and Mark Winter
Southeast Texas Poison Center University of Texas Medical Branch

Background: Triprolidine is an alkylamine, first generation H1-
antihistamine that was first developed in the 1950s. It is used to
treat allergy and cold symptoms in pediatrics and adults. Despite
70 years of clinical use, there are little pharmacology data

because it was approved before regulatory agencies required
extensive studies. Usual oral doses for pediatrics, at maximum 4
doses per day, are 0.313mg for 4 months to 2 years old,
0.625mg for 2–4 years old, and 0.938mg for 4–6 years old.
Currently, there is no studied toxic dose in pediatric patients. The
objective of this study is to evaluate unintentional triprolidine
ingestions in patients �6 years old and to establish a triage dose
for referral to a healthcare facility (HCF).
Methods: 10-Year (2011–2021) retrospective review of pediatric
triprolidine ingestions reported to the Texas Control Poison
Network (TPCN) was performed. Inclusion criteria were �6 years
old and verbatim of triprolidine or HistexTM. Polydrug ingestions
and multidrug formulations were excluded. Severity of symptoms
were ranked using the Toxicalls

R

outcome scale.
Results: 900 Cases were identified, most occurring in children 2
years old (M 26.1 months, SEM 0.45). The mean ingested dose was
9.0mg (SEM 0.31) and mean weight-based dose 0.68mg/kg (SEM
0.03). Most cases were managed at home (n ¼ 640, 71.1%), with
164 cases (18.2%) already in or enroute to a HCF while 95 cases
were referred in by a poison center (10.6%). Therapies performed
included dilute/irrigate/wash (n ¼ 366, 40.9%), food/snack (n ¼

178, 19.9%), intravenous fluids (n ¼ 7, 0.8%), other emetic (n ¼ 6,
0.7%), and single-dose activated charcoal (n ¼ 5, 0.6%). No thera-
pies were recommended in 336 cases (37.5%).285 cases were fol-
lowed to a known outcome. Of the followed cases, 228 children
had no effect (80.0%), 51 minor effects (17.9%), 6 moderate effects
(2.1%), and no major effects. 615 cases were not followed to a
known outcome. Reasons cases were not followed included min-
imal clinical effects expected (n ¼ 581) or unable to follow (n ¼

34). The lowest reported dose with moderate effects was 14.07mg.
Of the 57 patients with clinical effects, most resolved within
8hours or less (n ¼ 56, 98.2%). Primary effects were neurological
or gastrointestinal: mild CNS depression (n ¼ 70, 7.8%), vomiting
(n ¼ 8, 0.9%), agitation (n ¼ 8, 0.9%), cough/choke (n ¼ 5, 0.6%),
ataxia (n ¼ 4, 0.4%), tachycardia (n ¼ 4, 0.4%), dizziness/vertigo (n
¼ 2, 0.2%), abdominal pain (n ¼ 2, 0.2%), confusion (n ¼ 1, 0.1%),
hypertension (n ¼ 1, 0.1%), and nausea (n ¼ 1, 0.1%).
Conclusions: This study suggests inadvertent pediatric triproli-
dine ingestions may not require a referral to a HCF as most cases
were already successfully managed at home without any effects.
Of the patients with clinical effects, 14.07mg was the lowest
dose associated with a moderate effect. Therefore, this dose may
be used to assist specialists in determining if a child can be
safely monitored at home with appropriate follow up. Limitations
of the study include its retrospective nature, coding differences
between specialists, and the lack of a standard triprolidine refer-
ral dose used in the TPCN.
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325. Trends in pediatric opioid
exposures reported to US poison
centers from 2016 to 2022

Perry Rosena,b, Christine Ramdina, Bruce Rucka,b,
Lewis Nelsona and Diane Calelloa,b
aDepartment of Emergency Medicine, Rutgers New Jersey Medical
School, Newark, NJ, USA; bNJPIES

Background: The opioid crisis has led to increased opioid-related
overdoses and negative outcomes across the United States. Less
is known about the repercussions it has on children six years old
and younger, who are often affected unintentionally.
Methods: This retrospective study investigated the year-to-year
trends in opioid exposures from January 2016 to December 2022
reported by US poison centers to the National Poison Data
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System. Cases analyzed involved children aged one month to six
years with exposure to one or more pharmaceutical or illegal opi-
oid agents, which were identified by 68 generic drug codes.
Cases resulting in fatalities were linked to the drug with higher
risk of causing death, and the order of risk as follows: fenta-
nyl>heroin> other/unknown>pharmaceutical drugs. Analysis of
fentanyl exposure did not differentiate between prescription and
illicit forms. Descriptive statistics included 95% confidence inter-
vals (CI) for proportions with no continuity correction. Shapiro-
Wilk's test was used to test data normality. Pearson’s correlation
(PC) or Spearman’s rho were used to test trends for significance.
Results: We analyzed 37,117 exposure cases, which included
37,755 opioid agents. Among the cases in the dataset, exposures
were classified as follows: 98.3% unintentional (n ¼ 36,480,
CI:[98.1,98.4]), 0.3% adverse reaction (n ¼ 124, CI:[0.28,0.39]),
0.2% intentional or malicious (n ¼ 85, CI:[0.19,0.28]), and 1.2%
had other or unknown classifications (n ¼ 428, CI:[1.1,1.3]). Site
of initial exposure was 91.7% at the child’s residence (n ¼

34,036, CI:[91.3,92.0]), 5.5% at other residences (n ¼ 2,050,
CI:[5.3,5.8]), and 2.8% other or unknown sites (n ¼ 1,031,
CI:[0.26,0.29]). Children under two were implicated in 74.5% of
cases (n ¼ 27,637, CI:[74.0,74.9]); the median age of all exposures
was two years. At least 67.3% of reported exposures resulted in
admission at a healthcare facility (n ¼ 24,975, CI:[66.8,67.8]).
Healthcare facility admission increased at an average rate of 2.9%
per year, with an absolute increase of 18.5% overall (PC: 0.987,
P< 0.001). The most implicated agents were 7,840 exposures to
buprenorphine (20.8%, CI:[20.4,21.1]), 6,307 to acetaminophen
with hydrocodone (16.7%, CI:[16.3, 17.1]), 5,682 to tramadol
(15.0%, CI:[14.7, 15.4]), and 1116 to fentanyl (3.0%, CI:[2.8,3.2]).
Exposures decreased an average of 11.8% per year, an absolute
decrease of 53.1% (n ¼ 7,750 to n ¼ 3,636); however, rates of
death, death by indirect report or major effects, increased at an
average rate of 41.0% per year, with an absolute change of
618% overall (PC: 0.942, P ¼ 0.001). Between 2016 and 2022, the
count of CPR administration increased by 199.4% (Spearman’s
rho:0.929, P ¼ 0.003), intubation increased by 181.4% (PC: 0.904,
P ¼ 0.005), and naloxone administration increased by 131.4%
(PC: 0.973, P< 0.001). There were 68 deaths or deaths by indirect
report from 2016 to 2018 (0.18%, CI:[0.14,0.23]). Fentanyl was the
most implicated opioid in deaths or deaths by indirect report (n
¼ 31, 45.6%, Cl:[34.3,57.4]), followed by methadone (n ¼ 14;
20.6%, CI:[12.7,31.6]).
Conclusions: While the incidence of opioid exposure among chil-
dren has shown no decline, the severity of effects due to expo-
sures have worsened. This concerning trend is likely attributed to
the increased prevalence of fentanyl and other potent opioids.

KEYWORDS US poison centers; pediatric opioid exposures; pediatric
poisoning
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326. High-dose insulin for calcium
channel blocker and beta-blocker
poisoning in children: 20 years of
experience from a regional poison
center

Devon Stevensa, Abby Montageaub, Travis Olivesc,
Samantha Leec, Sarah Knackc and Jon Colec
aUniversity of Minnesota; bChildren's Minnesota; cHennepin
Healthcare

Background: The use of high-dose insulin (HDI) is a standard
therapy for cardiogenic shock secondary to beta-blocker (BB) and
calcium channel-blocker (CCB) poisonings. Although the clinical

characteristics and adverse events of HDI have been well-
described in the adult population, there are no such analyses in
children. We sought to examine a cohort of pediatric patients
with BB and/or CCB poisonings who received HDI therapy, with
the objective to describe clinical characteristics associated with
these poisonings and its treatment modalities in children.
Methods: We performed a single-center retrospective chart
review of children who had been treated with HDI for BB and/or
CCB poisonings between the years 2000 and 2022. The setting of
this study is an American Association of Poison Control Centers
(AAPCC) accredited regional poison center (PC) covering 3US
states. Patients 18 years of age or younger were identified by
querying our PC’s electronic database (Toxicalls

R

), which contains
categorical fields containing nominal (e.g., gender, exposure
route) and ordinal (e.g., age) data as well as free text case notes
that describe each case in a manner similar to traditional hospital
records. Patients were included if both the record confirmed
exposure to a BB or CCB, and the patient received HDI.
Results: A total of 34 patients met inclusion criteria. The median
patient age was 16 years (range 7mo–18yr); 61% were female. 13
patients (38%) were poisoned with BBs alone, 16 patients (47%)
by CCBs alone, and 5 (15%) by both. Of the CCB poisonings, 8
patients (38%) were exposed to non-dihydropyridine CCBs (ver-
apamil or diltiazem). The median peak insulin infusion was 1
unit/kg/hr (range 0.5–11), with a median insulin infusion duration
of 22hours (range 1–136hrs). Concentrated dextrose solutions
were typically required to maintain normoglycemia, the mean
dextrose concentration was 35% (range D5–D70). The median
duration of vasopressor use was 29hours (range 1–199hrs).
Intubation was required in 44% of patients (n ¼ 15). Cardiac
arrest occurred in 8.8% of patients (n ¼ 3). Neither ECMO nor
any other mechanical circulatory support was required for any
patient in this cohort. None of the patients required hemodialy-
sis. Death occurred in 5.9% of patients (n ¼ 2).
Conclusions: The management of shock from beta-blocker and
calcium channel-blocker poisonings can be challenging, espe-
cially in pediatric patients. Common complications of HDI
included hypokalemia, hypoglycemia, and volume overload.
There were no significant adverse events that required discon-
tinuation of HDI prior to resolution of the toxicity. Of the deaths
that occurred, none were attributed to the use of HDI. The data
from this cohort suggest that HDI use in the pediatric population
is feasible and safe with appropriate clinical monitoring.
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327. Severe toxicity from accidental
childhood ingestion of ondansetron
orally disintegrating (ODT)
formulation

Melissa Huber, Sheila Goertemoeller and Shan Yin
Cincinnati Drug & Poison Information Center

Background: Ondansetron, a selective antagonist of serotonin
sub-type 3 receptor concentrated in the chemoreceptor trigger
zone, is commonly used for chemotherapy-induced nausea and
vomiting prophylaxis in pediatric patients. It is generally safe at
therapeutic doses of 0.15mg/kg at 4-to-8-hour intervals.
However, overdose can cause QT prolongation, hypotension, and
serotonergic toxicity. Pediatric overdose literature is scarce. This
case report presents a severe toxicity incident resulting from acci-
dental childhood ingestion of ondansetron orally disintegrating
tablets (ODT).
Case report: A two-year-old girl ingested a maximum of 20
ondansetron ODT, equating to a dose of 6.4mg/kg. She was
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brought to the emergency department (ED) 1.5 hours post-inges-
tion and was noted to be drowsy (Glasgow Coma Scale of 14)
with stable vital signs, but with borderline QTc prolongation (466
milliseconds) on electrocardiogram. Initial lab work was unre-
markable except for a slightly elevated aspartate aminotransfer-
ase. At around 2.5 hours post-ingestion, her QTc had become
more prolonged (497 milliseconds) and she began to seize. Her
initial seizure activity, which responded to lorazepam, recurred
5minutes later prompting another dose. Her oxygen saturation
dropped, and she was emergently intubated. Around 6hours
post-ingestion her QTc interval narrowed (430 milliseconds) but
she had become hypotensive and hypothermic and received
warming, epinephrine, and norepinephrine. With these support-
ive measures, her heart rate was 127 beats per minute, blood
pressure 97/66 millimeters mercury, respiratory rate 24 breaths
per minute, oxygen saturation 97%, and body temperature of
35.6� Celsius. By approximately 10.5 hours post-ingestion, she
remained intubated and sedated but was noted to be somewhat
more awake. Vitals stabilized except for an elevated body tem-
perature of 38.8� Celsius requiring acetaminophen and her pres-
sor support had been discontinued. Her electroencephalogram
monitoring confirmed no further seizure activity. She was extu-
bated the following day, at approximately 22hours post-inges-
tion, and remained drowsy but arousable for several hours. She
was discharged home 48hours post-ingestion.
Discussion: Our patient developed severe toxicity involving
drowsiness, QTc prolongation, seizure activity, and respiratory
depression with rapid symptom onset prior to 90minutes post-
ingestion of 6.4mg/kg ondansetron. Previously published case
reports of accidental acute childhood exposure to ondansetron
are limited to two: a 12-month-old who ingested 6.4mg/kg
ondansetron resulting in coma, tachycardia, hyperreflexia, fever,
clonus, seizure, mydriasis, diaphoresis, nystagmus, stridor, rash,
transient elevated liver enzymes, and QTc prolongation and a 21-
month-old who ingested 16mg/kg resulting in lethargy, ataxia,
vomiting, tachycardia, and QTc prolongation. It is noteworthy
that all three cases involve the ODT formulation of ondansetron.
This raises concern that ondansetron ODT’s added sweetener
phenylalanine, a component of the artificial sweetener aspar-
tame, and rapid dissolution in the mouth increase the likelihood
of a toxic accidental childhood ingestion of this formulation over
a regular oral tablet form.
Conclusions: This case report substantiates concerns for signifi-
cant toxicity with rapid symptom onset, particularly with the
ODT formulation of ondansetron in the pediatric population.
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328. Pediatric exposures to
expandable water beads reported to
US poison centers

Matthew Novaka, Neeraj Chhabrab and
Michael Wahlb
aIllinois Poison Center; bToxikon Consortium

Background: In recent years there has been increasing popular-
ity of expandable water beads as a children’s toy. There are
recent case reports and media stories highlighting the potential
dangers of these toys due to bowel obstruction with subsequent
surgical intervention. There is, however, little information on the
overall number of these exposures on an annual basis or what
percent of unintentional ingestions end up having a surgical
intervention.
Methods: A retrospective review of the National Poison Data
System (NPDS) 1 January 2019 to 31 December 2022 for

exposures to the generic and product NPDS codes for water
bead toys in children < 6 years old was conducted. Industrial or
water beads used for plants/nurseries were not included in the
search.
Results: A total of 5,805 cases were identified; there were 135
(2.3%) exposures in 2019, 1,191 (20.5%) in 2020, 1,681 (29%) in
2021, and 2,798 (48.2%) by the year 2022. There were a total of
3,009 (51.8%) male patients, 2,769 (47.7%) female, and 27 (0.5%)
patient’s gender was unknown. There were 16 cases (0.27%) that
were coded as having a surgical intervention – about 1 in 370
exposures. The most common symptoms coded were vomiting
223, abdominal pain 89, cough/choke 61, diarrhea 59, constipa-
tion 50, and fever/hyperthermia 40.
Discussion: In a 4-year retrospective review of pediatric expo-
sures to water beads in NPDS showed a marked increase each
year – there was a 2073% increase from 2019 to 2022. The
majority of cases (83.5%) were managed on site of the exposure
without referral to a HCF. Only 62 cases (1.1%) of cases were
admitted to the hospital. Based on coding, 16 of these had a sur-
gical intervention, presumably for removal of the water bead for-
eign bodies. The number of true exposures is likely greater than
what is reported as NDPS as the database is created from volun-
tary reporting by the general public and health care practitioners.
There is also a limitation as this study is based on aggregate
data; the poison center narratives were not reviewed and
analyzed.
Conclusions: Pediatric exposures to expandable water bead toys
are increasing at a rapid rate. While rare, about 1 in 370 expo-
sures are coded to have received a surgical intervention after an
exposure. More research is needed to determine which patients
are at the greatest risk of requiring surgical intervention after
this foreign body exposure.
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329. Oral ingestion of an iron-
containing hand warmer in a pediatric
patient

Justin Seltzer, Jeremy Hardin, Henrik Galust, Nathan
Friedman and Daniel Lasoff
UC San Diego

Background: Hand warmer packets are poor heat sources that
produce heat by the exothermic oxidation of reduced iron
filings. Ingesting the contents is reported in adults with limited
toxicity. However, to our knowledge, no pediatric cases have
been reported. Consequently, pediatric toxicity remains
uncharacterized.
Case report: A two-year and eleven-month-old male with autism
spectrum disorder presented to the emergency department after
being found with a HOTHANDSV

R

hand warmer packet in his
mouth. Half of the contents were reportedly missing. His mouth,
face, and hands were covered in black powder and were washed
with water prior to arrival. Initial vital signs were within normal
limits for his age. Physical examination revealed no significant
abnormalities. The patient remained well appearing throughout
his emergency department stay and had no vomiting or diarrhea.
The initial serum iron concentration four hours post-ingestion
was 335 ug/dL (50–120 ug/dL). The remaining laboratory tests
were within normal limits except for elevated serum creatinine
to 0.71mg/dL (0.20–0.43mg/dL). An abdominal radiograph dem-
onstrated radiopaque material in the stomach. Endoscopy per-
formed approximately five hours after ingestion showed Grade
IIa gastric and esophageal injury and adherent black powder
with underlying mucosal ulcerations. The powder was removed
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with irrigation. Intravenous pantoprazole and famotidine as well
as whole bowel irrigation with polyethylene glycol via nasogas-
tric tube were initiated post-procedure. Iron measurements sub-
sequently fell rapidly: 213 ug/dL ten hours post-ingestion, 73 ug/
dL at 14 hours, and 8 ug/dL at discharge on hospital day five.
Consequently, chelation was deferred. Whole bowel irrigation
was discontinued once clear rectal effluent was noted. His course
was complicated by lavage-induced hyponatremia and blood
loss anemia. At two months follow up after discharge, he
remains asymptomatic without clinical evidence of gastrointes-
tinal stricture formation or other sequelae.
Discussion: This case demonstrates that ingestion of less than a
single hand warmer packet could potentially harm a young child.
Based on the large amount of contamination noted on endos-
copy, we suspect that iron absorption would have continued if
not for prompt aggressive intervention and source control. The
mechanism of toxicity for reduced iron is poorly characterized. A
hypothesized mechanism is formation of free iron ions and iron
chloride in stomach acid. Direct thermal mucosal injury also likely
contributes. Management of this type of ingestion may require
different considerations than iron salt ingestions. Ingestion of
water can terminate the exothermic reaction, possibly reducing
thermal injury. Additionally, gastric acid reducing medications
may diminish ongoing release of free ions and formation of
more toxic iron chloride salts. It remains unclear why the patient
was asymptomatic following this ingestion. Clinically significant
iron ingestions typically produce gastrointestinal symptoms such
as vomiting. It is possible some of the additive ingredients limit
these symptoms.
Conclusions: Pediatric ingestion of iron containing hand warm-
ers appears to result in both meaningful iron absorption and
clinically significant gastrointestinal injury. Although aggressive
gastrointestinal decontamination was beneficial in this case due
to retained gastrointestinal iron, further research is necessary to
determine the best treatment strategies.
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330. CHANTER syndrome in a toddler
after accidental overdose

Shawn Luo, Tormoehlen Laura and Louise Kao
Indiana University

Background: CHANTER (Cerebellar Hippocampal and Basal Nuclei
Transient Edema with Restricted Diffusion) syndrome is a rare clin-
icoradiological phenomenon reported in adults to occur after sub-
stance toxicity leading to unconsciousness and hypoxia. A similar
pathophysiologic entity POUNCE (Pediatric Opioid-use associated
Neurotoxicity with Cerebellar Edema) has been described in chil-
dren, but hippocampal involvement is usually absent.
Case report: Previously healthy 2-year-old female was found
unresponsive at home, last known responsive 2 hours prior. On
presentation, the patient was apneic, unresponsive, cyanotic and
hypotensive. She was intubated, started on norepinephrine infu-
sion, and received fentanyl for sedation. Department of Child
Services reported seeing a relative “flushing drugs down the toi-
let” when visiting patient’s house. Patient’s initial lab was notable
for positive cocaine on urine drug screen and combined respira-
tory and metabolic acidosis on venous blood gas. CT brain
showed symmetric hypodensity in the bilateral cerebellar hemi-
spheres extending into cerebellar peduncles. MRI revealed con-
fluent diffusion restriction in the bilateral cerebellar hemispheres
with additional diffusion restriction in the bilateral hippocampi,
posterior right putamen, and scattered foci in bilateral cerebral
cortexes. An ICP bolt placed revealed ICP intermittently over
20mmHg requiring hypertonic saline and hyperventilation. She

remained unresponsive with pinpoint fixed pupils. Repeat CT
12hours after presentation was concerning for worsening cere-
bellar edema with development of hydrocephalus. Patient was
taken to OR for decompressive craniectomy and ventriculostomy.
Following the decompression, patient remained GCS 3T until
hospital day 3, where she started showing return of brain stem
reflexes and withdrew to pain. She was extubated on hospital
day 11. Her ICU course was complicated by bacterial pneumonia,
volume overload and delirium. She had persistent hydrocephalus
requiring VP-shunt placement. She manifested motor, swallowing
and speech deficits, all improved significantly following intense
physical and speech therapy. By hospital day 27, the patient was
able to stand with assistance and crawl independently. She was
discharged in care of an aunt with outpatient PT/OT.
Discussion: Both POUNCE and CHANTER likely fall within the
same pathophysiologic spectrum. POUNCE has been reported in
pediatric patients exclusively after opioid toxicity and with edema
of the cerebellum with occasional limited basal ganglia and supra-
ventricular involvement. However, CHANTER is reported in adults,
and cocaine, amphetamines, benzodiazepines or ethanol have
been implicated in addition to opioids. The added hippocampal
lesion increases the risk for opioid-associated amnestic syndrome
(OAS), although we would not know its exact effect on this patient
until longer term follow-up. A limitation in our case is that while
we suspected opioid co-ingestion, the patient received fentanyl
within a few minutes of presentation, making determination of
co-ingestion difficult. Prognosis in CHANTER syndrome is variable,
but often better than expected for the severity of imaging find-
ings. Continuing aggressive supportive care is important despite
the initial poor neurological exam. It is particularly important to
timely address the posterior fossa edema, which can be difficult to
detect with supratentorial ICP monitors.
Conclusions: Substance overdose causing unconsciousness and
anoxia could lead to CHANTER syndrome in children as well as
adults.
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331. Pediatric gummy-formulated
product ingestions treated at hospital
emergency department

Maximillian Avilaa, Enrique Roblesa, Samer Habiba,
Julie Georgea, Thi Nguyena, Melany Genaoa,
Ramy Masouda, Brett Rothb and Mathias Forresterc
aNorth Texas Poison Center; bUniversity of Texas Southwestern;
cIndependent Researcher

Background: A variety of medications (e.g., multivitamins, mela-
tonin) or other products (e.g., cannabis and its ingredients, includ-
ing cannabidiol) are available in a gummy (chewy-gelatinous
substance) formulation. Due to their similarity to gummy candy,
young children may ingest these gummy-formulated products.
Such ingestions by young children may result in adverse effects
and/or result in emergency department (ED) visits. The objective
of this study was to characterize gummy-formulated product
ingestions treated at United States (US) hospital EDs.
Methods: Data were obtained from the National Electronic Injury
Surveillance System (NEISS), a database of consumer product-
related injuries (including all poisonings to children under age 5
years) collected from a representative sample of approximately
100US hospital EDs. National estimates are calculated from data-
base records according to the sample weight assigned to each
case based on the inverse probability of the hospital being
selected for the NEISS sample. To identify gummy formulated
product ingestions involving patients age 0–4 years reported

CLINICAL TOXICOLOGY 161



during 2000–2021, all records with the letter groups “gummy,”
“gummi,” “gumy,” or “gumi” in the Narrative text field were
reviewed, and those that appeared to be gummy formulated
product ingestions were included in the study. The distribution
of gummy-formulated product ingestions was determined for
various factors related to patient demographics, exposure circum-
stances, and disposition. Due to the relatively small number of
cases, national estimates were not calculated.
Results: A total of 193 gummy-formulated product ingestions by
patients age 0-4 years were identified at a sample of US hospital
EDs. The type of product was 98 (50.3%) melatonin, 47 (24.1%)
multivitamins, 42 (21.5%) cannabis (including cannabidiol), 7
(3.6%) other dietary supplements, and 1 (0.5%) unknown. Eight
(4.1%) ingestions were reported in 2000-2018, 35 (18.1%) in
2019, 55 (28.5%) in 2020, and 95 (49.2%) in 2021. Patient age dis-
tribution was 3 (1.6%)< 1 year, 27 (14.0%) 1 year, 72 (37.3%) 2
years, 58 (30.1%) 3 years, and 33 (17.1%%) 4 years; 106 (54.9%)
patients were male and 87 (45.1%) were female. The patient race
was 62 (32.1%) White, 47 (24.4%) Black/African American, 2
(1.0%) Asian, 9 (4.7%) Other, and 73 (37.8%) not stated in the ED
record. The location of the incident was 137 (71.0%) home, 1
(0.5%) street or highway, and 55 (28.5%) not recorded. The
patient disposition was treated or examined and released [142
(94.0%) not cannabis ingestions, 16 (38.1%) cannabis ingestions],
treated and admitted for hospitalization [3 (2.0%) not cannabis
ingestions, 25 (59.5%) cannabis ingestions], held for observation
[1 (0.7%) not cannabis ingestions, 1 (2.4%) cannabis ingestions],
and left without being seen/against medical advice [5 (3.3%) not
cannabis ingestions, 0 (0.0%) cannabis ingestions].
Conclusions: Gummy-formulated product ingestions reported to
a sample of US hospital EDs were relatively rare with the majority
reported only in the last few years. This may be due to the
coders increasingly mentioning the product was a gummy for-
mulation in the Narrative in recent years. Cannabis gummy-for-
mulated product ingestions were more likely to be admitted or
held for observation at the hospital.
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332. Characterization of unintentional
pediatric exposures with novel
psychiatric medications approved by
the FDA since 2011: one poison
center’s experience

Bryan Kuhn and Debra Raling-Young
Banner Poison and Drug Information Center

Background: Eight novel prescription medications have received
FDA-approval for various psychiatric indications since 2011.
Therapeutic categories for these drugs include atypical antipsy-
chotics (olanzapine/samidorphan, aripiprazole lauroxil, caripra-
zine, brexpiprazole, lumateperone), serotonin-norepinephrine
reuptake inhibitors (viloxazine), and selective serotonin reuptake
inhibitors (vortioxetine, vilazodone). A search of the medical lit-
erature for these medications reveals a paucity of information
regarding the clinical effects observed as a result of unintentional
and/or intentional exposures in the pediatric population. We
sought to review a single poison center’s data on pediatric cases
involving these drugs to provide better descriptive characteriza-
tion of the clinical effects, therapeutic interventions recom-
mended and/or provided, and outcomes observed in this select
cohort.
Methods: A retrospective search was performed in the National
Poison Data System for human exposure cases in patient’s aged

0–13 years from 1 January 2011 to 31 December 2022 involving
the following medications: AristadaV

R

(aripiprazole lauroxil),
RexultiV

R

(brexpiprazole), VraylarV
R

(cariprazine), CaplytaV
R

(lumate-
perone), LybalviV

R

(olanzapine/samidorphan), ViibrydV
R

(vilazo-
done), QelbreeV

R

(viloxazine), BrintellixV
R

(vortioxetine). All cases
were abstracted to report patient demographics, drug and dose
ingested, exposure reason, management site, level of care, out-
come associated with and duration of clinical effects, and thera-
pies performed.
Results: A total of 14 cases (brexpipraozle n ¼ 3, cariprazine n ¼

1, vilazodone n¼ 7, viloxazine n ¼ 1, vortioxetine n ¼ 2) were
identified that fit our inclusion criteria. No cases regarding aripi-
prazole lauroxil, lumateperone, olanzapine/samidorphan were
reported to our Center. 12 cases were identified as Unintentional
General, one as Unintentional Therapeutic Error, and one as
Intentional Suspected Suicide. Age range was 8 months to 12
years. Observed and related symptoms included agitation, confu-
sion, dizziness, mydriasis, nausea, sedation, tachycardia, tremor,
and vomiting. No reports of extrapyramidal symptoms, serotonin
syndrome, or seizures were documented. 6 patients were man-
aged at home and 8 cases were managed in a healthcare facility.
3 patients were admitted to an intensive care unit, 2 admitted to
a noncritical care unit, and 3 were treated/evaluated and
released from an emergency department. One patient was intu-
bated for progressive sedation but made a full recovery within
72 hours without sequelae. All other patients had either no,
minor, or moderate clinical effects for a duration of no more
than 72hours. All patients recovered without sequelae.
Conclusions: Clinical effects observed in unintentional and inten-
tional pediatric ingestions of novel psychiatric medications FDA-
approved since 2011 are similar to other medications in related
drug classes. Management involves observation for onset and
progression of neurologic effects with supportive care, and the
potential for hospitalization. All patients recovered without any
observed or reported sequelae.
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333. Pediatric poisonings: a 10-year-
experience of the Ramathibodi Poison
Center

Achara Tongpooa, Phantakan Tansuwannaratb,
Winai Wananukula and Satariya Trakulsrichaic
aFaculty of Medicine Ramathibodi Hospital, Ramathibodi Poison
Center, Mahidol University; bFaculty of Medicine Ramathibodi
Hospital, Chakri Naruebodindra Medical Institute, Mahidol
University; cDepartment of Emergency Medicine, Faculty of
Medicine Ramathibodi Hospital, Mahidol University

Background: Acute poisoning in young children is an important
public health worldwide. The data of this poisoning is very lim-
ited in Asia, especially in Southeast Asia. This study was per-
formed to evaluate the clinical characteristics and consequences
of pediatric poisoning patients (< 6 years of age).
Methods: We performed a 10-year retrospective cohort study
(January 2011–December 2020) by analyzing data from the
Poison Center database.
Results: In total, 37,589 patients were included in the study.
Most patients were male (57.1%). Their median age was 1.2 years
(range, newborn – < 6 years). More than half (57.85%) of all
patients were toddlers (1-3 years old). Most (94.6%) were acci-
dental exposure. Interestingly, some were due to medication
errors (594 cases), criminal/malicious exposure (58 cases).
Ingestion was the main route of exposure in most patients
(94.7%). Some patients (2.0%) exposed more than 1 route.
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Household products (29.7%) were the most common substances
that caused poisoning in our patients. The other common causes
of poisoning included medical drugs (27.3%), pesticides (18.8%),
technical and occupational products (16.4%), poisonous plants
(2.3%) and venomous animals (1.2%). Almost all (95.2%) had
excellent outcomes including no effect or minor effect. However,
182 patients (0.5%) had major effect and 115 patients (0.3%)
died from poisoning. Among 115 deaths, 67 patients were male
and 48 patients were female. The mean age of them was 1.3
years. Pesticides were the most common cause of deaths (32/
115, 27.8%), mostly from paraquat (29/32, 90.6%) followed by
organophosphate/carbamate (3/32, 9.4%). The other categories
were technical and occupational products (21/115, 18.3%), med-
ical drugs (20/115, 17.4%), venomous animals’ envenomation
(10/115, 8.7%) and poisonous plants (8/115, 7.0%).
Conclusions: This study determined the clinical characteristics of
acute poisoning occurred in young children and highlighted that
this poisoning caused health problems including deaths in
Thailand. Our findings might be different from other regions’
findings. Most were accidental exposure and occurred in the tod-
dler age group. Paraquat was the most common cause of deaths.
Therefore, preventive and safety interventions should be empha-
sized and implemented to prevent and/or decrease the occur-
rence of this poisoning and might help decrease fatalities.
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334. Pediatric eye injuries from single
use laundry detergent packets
reported to PA poison centers

Joshua Ricea, Anthony Jaworskib, Amanda Korenoskic

and Kevin Osterhoudtb
aNemours Children's Hospital; bPoison Control Center at Children's
Hospital Philadelphia; cPittsburgh Poison Center

Background: Due to the popularity of liquid laundry detergent
packets (LLDPs) with consumers, children are at high-risk for
exploratory exposure to LLDP contents and ocular exposure has
been noted to be an important injury pattern. The aim of this
study was to describe the epidemiology of pediatric ocular inju-
ries sustained from exposure to LLDPs as reported to two
regional poison control centers (PCCs).
Methods: In this retrospective cohort, the National Poison Data
System (NPDS) of America’s Poison Centers was queried for cases
of ocular exposures to LLDPs (NPDS generic codes 0201182,
0201183) among children < ¼ 5 years old, reported to
Pennsylvania’s Poison Control Centers (PCCs, for the five-year
period January 2018 through December 2022. These PCCs are
designated for service to the entirety of Pennsylvania and to
Delaware.
Results: Database query identified 467 potential subjects, all of
which were included in the study. The majority of cases (81%)
were from Pennsylvania, with 44 cases (9%) from Delaware and
46 cases from other states/countries. Annual reported cases
remained consistent for each year studied, ranging from 86 to
101, with an average of 93 cases per year. Nearly half (47%) of
cases involved children < ¼ 2 years of age and nearly all (96%)
exposures occurred in subjects’ own residences. 305 case calls
originated from a residence and 185 (40%) were managed onsite
without healthcare facility (HCF) referral. Of the 282 cases origi-
nating from, or referred to, a HCF, seven families declined HCF
referral and 47 were lost to follow-up or left against medical
advice. Of the remainder, 2 were hospitalized and the other 226
were treated and released. Medical outcomes varied among chil-
dren with ocular exposure to LLDPs. 149 reports were judged as

non-toxic or weren’t followed to known outcome; 264 had minor
clinical effects; 33 were coded by NPDS conventions as having
moderate/major effects; and 21 patients were unable to be fol-
lowed but deemed as ‘potentially toxic.’ Corneal abrasions were
a frequent cause of moderate/major effects, with 32 such cases
reported over the study period. A higher proportion (OR 2.6,
95%CI 1.2–6.0) of children < 2 years were found to have corneal
abrasions (14%) compared to those 2-years-old and above (6%).
These data are limited by the voluntary nature of PCC reporting,
potential for miscoding, loss to follow-up, and the inability to
verify the association between ocular exposure to LLDPs and
reported clinical effects.
Conclusions: Children with ocular injuries due to LLDP exposure
are frequently reported to PCCs, and 7% were found to have
moderate-to-major clinical effects. Children under 2-years-old
appear particularly susceptible to more substantial clinical effects
after ocular exposure compared to older toddlers, especially with
regard to corneal abrasions. Public policy should consider these
risks to young children.

KEYWORDS Laundry detergent; corneal abrasion

osterhoudtk@chop.edu

335. Fatality from levamisole
ingestion

Serah Mbuguaa, James Priceb and Kurt Kleinschmidta
aUT Southwestern; bBaylor Scott & White Health

Case report: 64yo M with no history of coronary artery disease,
heart failure, venous thromboembolic disease; and not on any
medication per family was transported to the ED with active CPR
in progress after an accidental drug ingestion. The patient was in
his usual state of health, without any shortness of breath, chest
pain or any other symptoms prior to the ingestion. He acciden-
tally drank approximately 3–4 oz of a clear liquid in an unlabeled
water bottle in his refrigerator. The bottle, which had been in
the fridge for several years, contained ProhibitTM powder (46.8 g
of Levamisole Hydrochloride per packet; one packet dissolved in
20 oz water) intended for use on his pets. About 20minutes later,
the patient felt unwell and was experiencing nausea, vomiting,
tremors, and visual changes. He was taken to a nearby fire sta-
tion where he was profoundly bradycardic. First responders gave
1mg atropine without significant response and the patient
quickly became unresponsive and went into cardiac arrest.
Intubation was attempted without success, and he ultimately
received a supraglottic airway prior to being intubated once in
the ER. He received 3 rounds of epinephrine for out of hospital
CPR without ROSC. He was in PEA upon arrival to the ER with a
moment of ROSC after arrival. He then went into ventricular fib-
rillation and then pulseless ventricular activity despite multiple
shocks, bicarbonate, and calcium gluconate. The patient ultim-
ately expired after persistent asystole. A post-mortem levamisole
concentration of 19mcg/mL was obtained.
Discussion: This is a unique case of severe systemic toxicity after
accidental ingestion of levamisole hydrochloride. There are reports
of levamisole toxicity mainly from adulterated illicit substances.
The most reported toxicities include hematologic signs such as
agranulocytosis, leukopenia, and dermatologic signs such as skin
necrosis due to the drug’s effect on immunologic cells. Two case
reports of deaths related to cocaine adulterated with levamisole
reported post-mortem levamisole concentrations of 49997 and
1606 ng/mL, obtained from cardiac blood samples. These concen-
trations within adulterated cocaine are compared to the 19mcg/
mL found in our patient, without the presence of co-founding
substances such as cocaine. Such a large post-mortem concentra-
tion suggests a large ingestion, which can also be inferred from
the total 46,800mg of levamisole present in the bottle. In
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comparison, when used in humans as an antihelminth, single
doses of 50–150mg were used. Levamisole is a nicotinic agonist
in animals, stimulating acetylcholine receptors. Cholinergic toxicity
would explain the patient’s sudden profound bradycardia leading
to arrest, persistent hypoxia despite adequate ventilation and
ultimately his death. Aminorex, a levamisole metabolite, also has
amphetamine-like properties such as the ability to cause pulmon-
ary vasoconstriction leading to pulmonary hypertension. Lastly,
levamisole is a weak reuptake inhibitor of norepinephrine and
dopamine, but in massive ingestion could contribute to catechol-
amine surge. These plausible mechanisms, the patient’s rapid clin-
ical deterioration along with the large post-mortem concentration
strongly suggest levamisole as cause of death.
Conclusions: Large ingestion of levamisole can cause severe sys-
temic toxicity, leading to acute decompensation and death in
previously healthy patient.
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336. Diphenhydramine overdose and
antimuscarinic toxicity in a 36-week
pregnant mother and neonate

Hung (Evan) Hoa, Kyle Piresb, Khizer Rizvia,
Adam Bermana, Sanjay Mohana, Joshua Nogara and
Emily Cohenb
aNorthwell Health; bNYU Langone

Background: Limited data exists on the transplacental distribu-
tion of diphenhydramine and its potential effects on the fetus.
Case report: A newborn baby girl, born at 36 weeks via primary
C-section under general anesthesia for fetal distress, was admit-
ted to the NICU for respiratory failure requiring CPAP support.
Toxicology was consulted due to maternal diphenhydramine
overdose and potential anticholinergic toxicity in the neonate.
The mother, a 38-year-old female with a history of alcohol and
benzodiazepine use, was directly admitted to labor and delivery
for non-reassuring fetal heart tracing (NRFHT). She reported tak-
ing diazepam 10mg four times per day and venlafaxine 150mg
every morning and 75mg every evening. After admission, the
patient revealed she had ingested approximately 50–60 tablets
of diphenhydramine of unknown dose within the last 24hours,
with her most recent dose around 12hours ago. She experienced
abdominal pain, nausea, anxiety, and urinary retention but
denied co-ingestants. Her vital signs were normal, and on exam-
ination showed agitation and mydriasis. Initial recommendations
included benzodiazepine as needed for agitation, catheterization
for urinary retention, core temperature monitoring, and toxicol-
ogy labs. Overnight, she became extremely agitated despite lor-
azepam 2mg, leading the OB team to proceed with a C-section
under anesthesia for maternal comfort. The baby was born with
APGARs of 2 and 7 at 1 and 5minutes, respectively. She was
found apneic, requiring CPAP for 1.5 days. The baby had no urin-
ary retention and showed no apparent antimuscarinic toxidrome.
She experienced mild neonatal abstinence syndrome, which
resolved on day of life 3. The baby's serum diphenhydramine lev-
els were 1366 ng/ml.
Discussion: Diphenhydramine's high lipophilicity allows it to
penetrate the blood-brain barrier well, suggesting transplacental
transport. This has been demonstrated in sheep models. One
previous case report showed transplacental distribution.
Although there was no obvious peripheral antimuscarinic toxicity
in the neonate, serum diphenhydramine levels were elevated to
1366 ng/ml. A few studies suggest diphenhydramine may have
tocolytic and cervical dilating effects. Due to multiple

confounding factors, it is unclear whether the diphenhydramine
overdose contributed to the NRFHT or preterm labor.
Conclusions: Diphenhydramine demonstrates transplacental
redistribution and may contribute to premature labor in
pregnancy.
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337. Clinical outcomes of
unintentional double doses of
dofetilide and sotalol reported to a
single US poison center

Joanna Dukesa, Matthew Stantona, Ryan Feldmana

and Jillian Theobaldb
aFroedtert Hospital; bMedical College of Wisconsin

Background: Dofetilide and sotalol are potassium channel-block-
ing anti-arrhythmic drugs used for the treatment of tachyarrhyth-
mias. Both medications can cause QTc prolongation and are
associated with risk for Torsade de Pointes. The narrow thera-
peutic index of these drugs is a concern when a patient uninten-
tionally takes a double dose of their medication. This study aims
to describe any adverse effects from unintentional double dosing
of either dofetilide or sotalol.
Methods: This was a retrospective chart review of unintentional
overdose of dofetilide or sotalol reported to a single poison cen-
ter from 1/1/2002–12/31/2021. Included records had an acute
unintentional ingestion of one or more doses of either dofetilide
or sotalol. Intentional overdoses were excluded. Data was manu-
ally extracted from the electronic medical record in a predefined
data sheet. Assessment of other QT-prolonging medications was
performed using crediblemeds.org.
Results: 185 dofetilide or sotalol exposures were screened, and
125 met inclusion criteria. The majority of exposures were to
sotalol (88%). There were 63 exposures in females (50.4%) and
the median age was 71 years (5 months-99 years). In total 95
exposures (76%) were managed at home. Of 15 dofetilide
patients, nine (60%) were seen in a healthcare facility. Two of the
nine patients were taking other medications known to prolong
QT. An ECG was assessed in all nine patients and none had a
QTc recorded over 500ms. Of 110 sotalol patients, 21 (19.1%)
were seen at a healthcare facility. Of these 21, 10 (47.6%) had
ECGs obtained. Five of these 10 patients were taking other medi-
cations known to prolong QT. Only one sotalol exposure had a
QTc above 500ms (515ms). Of cases followed to a known out-
come the majority had no or minor effects (n ¼ 31). Moderate
effects occurred in 8 exposures. Bradycardia was the most com-
mon clinical effect (dofetilide n ¼ 2, sotalol n ¼ 6). Other clinical
effects include dizziness/vertigo (n ¼ 5), hypotension (n¼ 4), QTc
prolongation (n ¼ 3), or others (n ¼ 11). Eleven patients did not
have reported clinical effects. No patients experienced major
effects and there were no deaths. Of patients seen in a health-
care facility, four (13.3%) were admitted. Of the patients who
experienced bradycardia (n ¼ 8, 26%), it is unclear if it was a
new finding or baseline for the patients.
Conclusions: Our evaluation of patients with a double dose of
dofetilide or sotalol revealed a single patient with a recorded
QTc over 500ms. This study revealed double doses of dofetilide
or sotalol do not result in significant QTc prolongation.
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338. A tale of two horsewomen: a
case series of equine pergolide
toxicity

Natalie E. Ebeling-Koninga, John D. DelBiancoa,
Michael F. Singerb and Ryan M. Surmaitisa
aLehigh Valley Health Network/USF Morsani College of Medicine;
bGeisinger Health Network

Background: Veterinary medication exposure may result in
human toxicity with approximately 7,000 cases reported to poi-
son centers in 2021. There is a paucity of literature on the man-
agement of the poisoned patient secondary to pharmaceuticals
intended for equine use. Pergolide is a dopamine and serotonin
receptor agonist and is currently approved to treat equine
Cushing’s disease. It was previously approved in the US to treat
Parkinson’s disease in humans; however, it was withdrawn from
the market in 2007 due to association with valvular heart disease.
We report two cases of pergolide toxicity in horse owners follow-
ing unintentional ingestions.
Case series: A 67-year-old woman presented to the emergency
department (ED) via emergency medical services (EMS) following
an unintentional ingestion of her horse’s 5mg pergolide. Within
15minutes of ingestion she developed nausea, vomiting, chills,
diaphoresis, lightheadedness and sedation. Her blood pressure
(BP) for EMS was 84/46mm Hg, and she was administered 1.2 L
of intravenous (IV) fluids. BP in the ED improved to 102/63mm
Hg. An electrocardiogram (ECG) demonstrated sinus rhythm with
first degree atrioventricular (AV) block, similar to previous.
Routine laboratory testing demonstrated mild hypokalemia and
mild hyperchloremia. Point-of-care cardiac ultrasound was unre-
markable. She was treated with aggressive IV fluids and antie-
metics, and was subsequently observed in the hospital due to
persistent sedation and nausea. The patient was asymptomatic
the following day. Comprehensive urine drug testing (LC/MS)
was sent to identify any additional co-ingestions and only
detected caffeine. Pergolide is not included on this assay and
serum concentration was not available. A 75-year-old woman
with history of anxiety on citalopram presented to the ED after
unintentional ingestion of her horse’s 0.5mg pergolide. Shortly
after ingestion, she had an acute episode of neuromuscular rigid-
ity without loss of consciousness. She also developed vomiting,
dizziness, and sedation. BP on arrival to the ED was 117/63mm
Hg. She experienced orthostatic hypotension with a precipitous
drop in BP to 80/50mm Hg which resolved with 1 L IV fluid. ECG
was remarkable for sinus rhythm with first degree AV block.
Routine laboratory testing was unremarkable. She was adminis-
tered antiemetics and her symptoms resolved after 9 hours, at
which point she was discharged. Comprehensive urine drug test-
ing (LC/MS) detected caffeine and citalopram.
Discussion: Both of our patients experienced similar clinical pre-
sentations resulting from their unintentional pergolide ingestions.
Toxicity resulted in hypotension responsive to intravenous fluids,
sedation, and intractable nausea and vomiting for several hours.
Previously recommended human dosing started at 0.05mg and
was titrated to reach an average total daily dose of 3mg. Our
patients received doses 10x and 100x of the recommended start-
ing dose, with the latter having symptoms for an additional
15hours. Clinical presentation was similar to toxicity resulting
from other dopamine agonists.
Conclusions: Veterinary medication ingestion presents a unique
challenge to clinicians as the drug may have limited human tox-
icity data and/or recommended animal dosing may differ greatly
from human dosing. Case reports of human toxicity may assist
with anticipating the clinical course and guiding medical decision
making.
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339. Severe electrolyte abnormalities
in a pediatric patient secondary to
sodium phosphate enema
administration treated with
hemodialysis

Ahmed Alsakhaa, Vincent Calleoa, William Egglestonb

and Sarah Mahonskia
aDepartment of Emergency Medicine, SUNY Upstate Medical
University, Syracuse, NY, USA; bBinghamton University School of
Pharmacy & Pharmaceutical Sciences, Binghamton, NY, USA

Background: Phosphate-containing enemas (PCEs) are widely
used to treat constipation. Occasionally, their use is associated
with severe adverse effects, including dehydration, electrolyte
abnormalities, arrhythmias, seizure, and death. Young children
and elderly individuals with impaired kidney function have
increased risk of adverse effects from using PCEs. We report a
case of a child who developed marked electrolyte abnormalities,
severe dehydration, and hypothermia after the administration of
two adult PCEs.
Case report: A 3-year-old female with a history of caudal regres-
sion syndrome and neurogenic bowel and bladder presented to
the emergency department with lethargy, vomiting, diarrhea,
and weakness 30minutes after administration of two adult ene-
mas, each containing 19 grams monobasic sodium phosphate
and 7 grams dibasic sodium phosphate, through her MACE
(Malone antegrade colonic enema) channel to treat constipation.
She was previously prescribed pediatric enemas containing 9.5
and 3.5 grams of monobasic and dibasic sodium phosphate,
respectively. On arrival, she was found to have a heart rate of
150 bpm, respiratory rate of 40 bpm, and temperature of 34.3 �C;
remaining vitals were stable. She was lethargic with poor muscle
tone, and her capillary refill was greater than three seconds. She
had facial twitching, positive Trousseau sign, and a distended,
non-tender abdomen. Her remaining physical exam was unre-
markable. Laboratory testing revealed: WBC 19,500 cells/L, hem-
atocrit 44.5%, sodium 162mmol/L, potassium 6.5mmol/L,
chloride 94mmol/L, bicarbonate 6mmol/L, calcium 5.7mg/dl,
phosphate > 26mg/dl, pH 6.9, pCO2 40mmHg, and lactate
9mmol/L. Acetaminophen, aspirin and alcohol were negative. An
electrocardiogram revealed sinus tachycardia, ST depression in
inferior leads and a prolonged QTc. Imaging was unremarkable
apart from severe constipation. Resuscitation consisted of normal
saline boluses (40ml/kg total), a sodium bicarbonate bolus and
infusion, magnesium sulfate, and calcium gluconate. She was
transferred to the pediatric intensive care unit where a manual
fecal disimpaction and one session of hemodialysis corrected her
severe metabolic acidosis, hypernatremia, hyperphosphatemia
and hypocalcemia. She continued to improve and was dis-
charged three days later.
Discussion: Although PCEs are generally well tolerated, toxicity
can occur in adults with comorbidities and in pediatric patients
secondary to dosing errors. Pediatric PCEs typically contain half
the dose of sodium phosphate found in adult enemas, and most
cases of pediatric toxicity result from using adult formulations; as
such, it is crucial for healthcare professionals to educate care-
givers on the differences between these enemas to avoid poten-
tially life-threatening sequelae. Adverse effects include severe
dehydration from fluid loss, electrolyte imbalance, altered mental
status, and arrhythmias. Hyperphosphatemia and hypocalcemia
usually respond to supportive care with fluid administration and
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calcium replacement. In severe cases, hemodialysis might be
necessary to correct the acid-base and electrolyte abnormalities.
The criteria to initiate hemodialysis are not well established and
often need a discussion between nephrologists and toxicologists.
Conclusions: Clinicians should be aware of differences between
phosphate content of adul versus pediatric PCEs. Supportive
care, electrolyte replacement, and potentially hemodialysis are
the cornerstones of managing PCE toxicity.
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340. Tenfold overdose of risdiplam in
a neonate with spinal muscular
atrophy: a case report

Alexander Lazar, Jason Devgun and Michael Mullins
Washington University in St Louis

Background: Spinal muscular atrophy (SMA) is an autosomal
recessive neurologic disease caused by deficiency in production
of SMN protein from the survival of motor neuron 1 (SMN1)
gene resulting in muscular weakness and reduced life expect-
ancy. Survival motor neuron 2 (SMN2) is a closely related gene
that can produce low concentrations of functional SMN protein.
Risdiplam (EvrysdiV

R

) received FDA approval in August of 2020 as
an orally administered medication targeting SMN2-directed RNA
slicing modifier resulting in increased concentrations of func-
tional SMN protein. No human toxicologic data are available.
Animal studies show developmental, reproductive, and retinal
toxicity with chronic administration.
Case report: A 16-day-old female was born via induction at 39
weeks due to intrauterine growth restriction and concern for
arterial insufficiency with preliminary newborn screen positive for
spinal muscular ataxia. She was brought into the emergency
department for evaluation following risdiplam overdose. Her
mother reported administering patient’s first dose of risdiplam
that morning. Patient was prescribed 0.45mg daily, but she
received 4.5mg in first dose. Mom stated the pharmacy had pro-
vided 10mL syringes and she drew up 6mL of 0.75mg/mL solu-
tion rather than with prescribed 0.6mL. She noticed the error
following administration. She notified the neurologist who
referred patient to the ED. Mom reported patient remained in
her usual state of health without fevers, emesis, diarrhea, cough-
ing, rashes, or inconsolable crying. Physical exam showed a well
appearing neonate with vital signs within appropriate range for
age (BP 92/55, HR 159, RR 48, Temp 36.7Deg C, SpO2 96% on
room air). Laboratory evaluation with CBC, CMP, and EKG were
normal. Toxicology and neurology services were consulted. Her
parents declined admission for observation. Neurology discussed
with manufacturer representative who recommended holding
dose for 2 days. She appeared at her baseline at a follow-up
Neurology clinic visit one week later. Patient’s confirmatory test-
ing for SMA showed 0 copies of SMN1 and 2 copies of SMN2
suggesting severe type 1 SMA phenotype. The patient’s mother
gave consent for the case report at time of initial presentation.
Discussion: Risdiplam is approved for use in patients less than 2-
months of age for SMA. Clinical trials for infantile onset SMA
showed increased SMN protein at all ages of treatment. Reported
adverse effects include fever, diarrhea, rash, aphthous ulcers,
arthralgias, and increase frequency of upper respiratory tract and
urinary tract infections. Recommended dosing for patients under
2 months of age is 0.15mg/kg/d. Human clinical toxicology data
are limited. Juvenile rats showed decreased weight gain and tib-
ial length with risdiplam from 4 through 20 days of life. Monkeys
had irreversible retinal toxicity on electroretinography after 20
weeks of daily risdiplam at 3, 5, and 7.5mg/kg/d but with no

effect at 1.5mg/kg/d. This case illustrates a tenfold dosing error,
which remains common in pediatric patients.
Conclusions: Risdiplam, a novel medication for treatment of SMA,
had no apparent toxicity in acute 10-fold dosing error in neonatal
patient.
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341. Beyond one pill can kill: a decade
of deaths reported to America's Poison
Centers

Bernard Weigela, Sean Bryanta, Eric Schultzb,
Amy Deitcheb and Michael Wahlb
aToxikon Consortium; bIllinois Poison Center

Background: Poisoning represents a significant but preventable
cause of death among children under 6 years of age. One Pill Can
Kill has been an effective tagline used for poison prevention efforts
in pediatrics and toxicology for decades. This study looks at National
Poison Data System data to better understand current national
trends in pediatric fatal poisonings reported to poison centers.
Methods: We reviewed pediatric fatality abstracts in the 0-5 age
group submitted to poison control centers for the ten-year period
2012–2021. Cases that were coded as Undoubtedly Responsible and
Probably Responsible were reviewed; cases coded as Contributory,
Probably Not Responsible, Not Responsible, and Unknown were
excluded from analysis. There were 290 pediatric fatality abstracts
submitted during the study period; 187 cases were coded as
Undoubtedly Responsible or Probably Responsible for death. Data
on these 187 cases were abstracted and analyzed using descriptive
statistics for demographics, substances, and reason for exposure.
Results: The majority of deaths occurred in males (55%) and chil-
dren 12 to 35 months of age (52%). Most exposures were coded
as unintentional (56%) or environmental (26%), while a smaller but
alarming number were deemed due to malicious intent (12%).
Opioids (26%) were the most common cause of death in this
study, followed by fire-related smoke inhalation (21%) and button
battery ingestions (7%). Notably, fentanyl exposures increased from
zero during the first half of the study period (2012–2016) to eleven
during the second half of the study period (2017–2021).
Conclusions: Poisoning continues to be a tragic cause of pediat-
ric death. This study serves as an update and expansion on previ-
ous One Pill Can Kill publications as some of the top causes of
pediatric death in this study do not involve OTC or prescription
pills. Opioids were the most common substances leading to fatal
poisoning in children under 6 years of age. Public health officials
combating the opioid epidemic should consider targeted inter-
ventions to protect this vulnerable group.
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342. A re-evaluation of pediatric
poisoning fatalities using NPDS data

Andrew Chambersa, Emily Kershnera, Catherine
Donga, Yimika Oyekanmib, Kirk Cumpstona,
Rutherfoord Rosea and Brandon Willsa
aVirginia Commonwealth University; bUConn

Background: Toddlers and young children are occasionally
exposed to dangerous medications and toxins through
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exploratory ingestions. Several frequently referenced papers have
described a list of medications or toxins that are potentially fatal
in small or single dose exposures. These lists may not reflect the
actual frequency of contemporary fatalities. Our aim was to
determine which drug and toxin exposures resulted in death in
children < 6 years of age reported by US poison centers.
Methods: We performed a retrospective study of pediatric
deaths using National Poison Data System (NPDS) and fatality
abstract data from 1 January 2011 to 31 December 2021.
Inclusion criteria included all cases in children < 6 years old
coded with medical outcome of death or indirect death. Cases
were excluded if the fatality abstract adjudicated the death as
unknown relationship, unrelated, or probably unrelated. For cases
with more than one substance, a single author reviewed each
fatality abstract to determine the substance most likely respon-
sible for the death. If a primary substance could not be deter-
mined the case was categorized as a poly-substance etiology.
Case fatality rate was estimated by dividing the number of fatal-
ities for each substance category by the total number of single
substance exposures reported during the same time using the
generic code name. The primary endpoint was to identify the
agents associated with pediatric fatalities over 10 years.
Secondary outcomes included describing case fatality rate for
each substance over the 10-year period.
Results: The search identified 343 individual cases and after
exclusions, 220 individual cases remained with 282 total substan-
ces. Of the 220 cases, 81% were single substance exposures.
Mean age was 2.1 (SD 1.3) years old with 42% female, 56% male,
and 2% unknown. The majority (76.8%) of calls originated from
healthcare facilities. Most fatalities over the 10-year period were
due to smoke inhalation (22.3%) and opioids (22.3%). For sub-
stances with at least 500 exposures, the highest fatality rate
(1.3%) was attributed to fentanyl.
Conclusions: There are several potential limitations to this study.
NPDS data is generated from discussion between healthcare pro-
fessionals and regional poison centers which can result in
inaccurate acquisition and/or recording of information.
Confirmatory drug testing for cases is not available, however,
fatality abstracts were utilized to enhance accuracy of causality.
Prior literature frequently omits common household substances
such as hydrocarbons and batteries, which together made up
14% of fatalities over the last decade. In summary, opioids and
smoke inhalation had the highest number of fatalities while
drugs such as quinine, camphor, methyl salicylate, and podophyl-
lin, historically cited as “pill can kill” agents, had no fatal cases
reported in the last decade.
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343. 10-Year retrospective review of
angiotensin-converting enzyme (ACE)
inhibitors and angiotensin II receptor
blockers (ARB) toxic doses in children
< 6 years old

Trang Pham, Kim Vo Ostrikova and Mark L. Winter
Southeast Texas Poison Control Center

Background: The objective of this 10-year retrospective study is
to evaluate toxic doses of angiotensin-converting enzymes (ACEs)
and angiontensin II receptor blockers (ARBs) in pediatrics. A 2013
study observed hypotension in eight cases at lisinopril dose
> 4mg/kg. Another retrospective study set a minimum ARB dose
where serious outcomes were likely to be seen for adults at

valsartan dose > 320mg. Therefore, toxic doses for ACEs and
ARBs are not well-established in children.
Methods: Followed-up cases of accidental ingestions of known
doses of either an ACE or ARB in children < 6-years-old were
selected from the 2011 to 2021 Texas Poison Control Network
database. Polydrug ingestions were excluded. Each case was
assigned a severity score based on adverse effects (0 ¼ no effect,
1 ¼ mild, 2 ¼ moderate, 3 ¼ severe). Primary endpoint for hypo-
tension was defined per PALS guidelines. Relative risks with 95%
CI, v2 tests, and linear regression models (ingested doses plotted
against lowest systolic blood pressure [SBP] recorded) with R2

were utilized to analyze results comparing ingestions of > 4mg/
kg lisinopril equivalent dose (EQD) and > 200mg losartan EQD
to doses of < 4mg/kg and < 200mg, respectively.
Results: 390 ACE ingestion cases were selected. 382 cases had
severity scores of 0 and 7 had scores of 1 (emesis [n ¼ 2], brady-
cardia [n ¼ 1], facial flushing [n ¼ 1], and mild transient hypoten-
sion [n ¼ 3]). All symptoms resolved spontaneously without
interventions. One had a score of 2 with a dose 5.22mg/kg of
lisinopril (dopamine used after blood pressure dropped to 86/
42mm Hg). Children ingesting > 4mg/kg lisinopril EQD was not
shown to have higher risk of developing adverse events than
those ingesting < 4mg/kg, but results were not statistically sig-
nificant (RR 0.86, 95% CI 0.108–6.844, P ¼ 0.89). Lisinopril EQD
did not have a statistically significant effect on severity scores (v2
statistic 0.20, P ¼ 0.89). Linear regression model showed no sig-
nificant relationship between lisinopril EQD (mg/kg) and SBP (R2

¼ 0.0004).49 ARB ingestion cases were selected. 46 cases had
severity scores of 0 and 3 with scores of 1. The mild effects were
described as “a little tachycardic” (n ¼ 1) and emesis (n ¼ 2). All
symptoms resolved without treatments. Children ingesting
> 200mg losartan EQD were at higher risk of developing
adverse events than those ingesting < 200mg, and results were
statistically significant (RR 23.5, 95% CI 2.68-206.36, P ¼ 0.0044).
Losartan EQD had a statistically significant effect on severity
scores (v2 statistic 15.26, P ¼ 0.000094). Linear regression model
showed no significant relationship between losartan EQD and
SBP (R2 ¼1E-5).
Conclusions: In children, inadvertent ingestions of ACEs and
ARBs may not necessitate a referral to a health care facility.
However, lisinopril EQD > 4mg/kg and losartan EQD > 200mg
should receive diligent home follow-ups. We cannot confidently
conclude if ACE ingestions were the contributing factor for the
transient hypotension, as results were not statistically significant
(P ¼ 0.89). We cannot conclude the minimum losartan EQD for
referral due to no reports of inadvertent ingestions beyond
300mg during the collection period sampled in this research
project.
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344. Increase in fentanyl exposures in
children 0–5 years old: a 4 year NPDS
analysis

Axel Adamsa, Chris Bureshb and Michael Wahlc
aToxikon Consortium; bUniversity of Washington Department of
Emergency Medicine; cIllinois Poison Center

Background: The United States has been plagued by a historic
opioid epidemic. This epidemic has worsened with the wide-
spread use of synthetic non-methadone opioids - including fen-
tanyl and fentanyl analogs. According to the CDC, it is estimated
that synthetic opioids killed over 71,000 Americans out of
107,000 opioid-related deaths in 2022. The majority of opioid
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deaths have been in the adult cohort; however, with increased
use and distribution of synthetic opioids there is increased risk of
exposure amongst the pediatric cohort �5 years old.
Methods: We performed a retrospective review of the National
Poison Data System (NPDS) January 2019 –31 December 2022 for
exposures with the generic NPDS code for non-prescription fen-
tanyl in ages 5 years and younger.
Results: Pediatric non-prescription fentanyl intoxications for
2019-2022 are described. From 2019 to 2022, the percentage
male was 50, 48.8, 47.1, and 53.9%, respectively. In 2020–2022,
the majority of exposures occurred in the child’s own residence
(75.6% in 2020, 79.8% in 2021, and 80.9% in 2022); 2019 was an
outlier with 0/2 exposures occurring in the child’s own residence.
There is a trend of increasing severity of exposure (coded as
"major effect" or "death" within the NPDS dataset) across the
study period with 0, 19, 68, and 96 cases for 2019, 2020, 2021,
and 2022, respectively. In 2021 and 2022, the largest number of
severe exposures were seen in 1-year-olds. This age range also
accounted for the largest number of total exposures in 2020
and 2021.
Conclusions: In this retrospective analysis, we demonstrate an
increasing trend of exposure with non-prescription fentanyl
among the pediatric cohort �5 years with an increasing number
of cases requiring critical care level of treatment. Fentanyl intoxi-
cations increased over the study period and an associated rise in
the number requiring critical care and invasive management
such as intubation is concerning for increasing rates of severe ill-
ness (as opposed to increases in testing). The sickest age group
appears to be 1-year-olds. An increasing proportion of exposures
occurring in the patient’s residence may be associated with
increased household availability of fentanyl. A limitation of this
study is that it relies on NPDS data which often is reliant on his-
tory provided by the caller and may lack analytical confirmation
and this study may represent a spectrum of non-fentanyl syn-
thetic opioids. A further limitation is that from this data it is
unclear if the increase in exposure severity is due to increasing
exposure doses or just increasing exposure rates, and this war-
rants further study.
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345. Pediatric perampanel ingestion
leading to prolonged toxicity

Scott Lucyk and Alexandra Hamelin
Poison and Drug Information Service

Background: Perampanel is a third generation antiepileptic
medication approved for the treatment of partial epilepsy in
adults as well as an adjunctive treatment for primary generalized
tonic clonic seizures in children. The mechanism of action is
unique among antiepileptics and functions as a noncompetitive
antagonist of the alpha-amino-3-hydroxy-5-methyl-4-isoxazole-
propionic acid (AMPA) glutamate receptor on postsynaptic neu-
rons. Prolonged coma has been reported in adult overdoses.
Other reported clinical effects include central nervous system
depression, agitation, ataxia, and bradycardia. There is limited
information on the clinical effects of perampanel in children,
with only a few unintentional ingestions reported. We report a
case of a pediatric perampanel ingestion leading to prolonged
alteration in consciousness.
Case report: An otherwise healthy 21-month-old male (11.1 kg)
ingested up to 48mg (4.3mg/kg) of his older sibling’s perampa-
nel. Within 30minutes of ingestion, he became somnolent. On
arrival to the emergency department, he had one episode of
emesis and remained lethargic with minimal response to stimuli
and intermittent irritability. He had mild central hypotonia with a

head lag, he was unable to sit independently, and had gait
instability, where he previously had been able to walk independ-
ently. His vital signs were: heart rate, 108 beats per minute;
blood pressure, 99/61mm Hg; temperature, 98 �F (36.8 �C);
respiratory rate, 30 breaths per minute. A serum perampanel
concentration obtained on the first day of admission was 580ng/
mL (therapeutic range 100–800ng/mL). The patient had ongoing
episodes of somnolence and intermittent irritability that slowly
improved during hospital admission. He also had slow improve-
ments in tone and gait and was subsequently discharged home
after 3 days with normal vital signs, mental status and base-
line gait.
Discussion: After ingestion, perampanel peaks in 0.5–2.5 hours
and has a prolonged half-life of 105hours. The onset of clinical
manifestations in our patient occurred within 30minutes and did
not resolve until post-admission day 3. Pediatric case reports of
acute toxicity have described varying resolution times, ranging
from a few hours to several days. Consistent with prior case
reports of pediatric perampanel ingestions, our patient devel-
oped central nervous system toxicity including ataxia, sedation
and irritability. Despite previous reports of bradycardia with lower
ingested doses, our patient had no cardiovascular effects and
remained hemodynamically stable throughout his clinical course.
There were no metabolic derangements observed in our case,
despite reports of hyponatremia in other previously reported per-
ampanel overdoses.
Conclusions: Perampanel is a newer antiepileptic with a novel
mechanism of action. Toxicity in patients, particularly pediatric
patients, is not well understood but involves significant central
nervous system effects in overdose, as well as other reported car-
diovascular abnormalities including bradycardia and hypotension.
Additional studies are needed to determine the toxic dose in
pediatric populations and to determine whether serum perampa-
nel concentrations correlate with clinical effects. Further research
is also required to determine whether there is an association
between ingested dose, predicted clinical effects, and duration of
effects.

KEYWORDS Perampanel; pediatric

slucyk@gmail.com

346. Systemic lidocaine toxicity
secondary to topical application in a
pediatric patient

Sophie Durona, Michelle Domingueza and
Vincent Calleob
aSt. Christopher’s Hospital for Children, Philadelphia, PA, USA;
bSUNY Upstate Medical University, Syracuse, NY, USA

Background: Lidocaine is a commonly used topical anesthetic.
Traditionally, over-the-counter lidocaine spray preparations con-
sist of 4% lidocaine. Under physiologic conditions, routine topical
lidocaine administration does not result in systemic toxicity.
However, when utilized on highly vascularized areas or areas
with violated dermal integrity, lidocaine may be excessively
absorbed and cause severe systemic toxicity. We present a rarely
encountered case of local lidocaine administration resulting in
severe systemic toxicity, including altered mental status and mul-
tiple seizures.
Case report: A 4-year-old female with no prior seizure history
presented to the hospital with new onset seizures shortly after
sustaining multiple burns. Prior to hospital arrival, the patient
had been inadvertently placed in a shower with scalding water
and subsequently sustained burns to her face, chest, abdomen,
and right upper extremity (approximately 15% total body surface
area). Immediately after noting the burns, her mother applied
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aloe vera ointment. Approximately three hours later, the patient
was in extreme pain and her mother wiped off the ointment and
noticed skin erythema, peeling and areas of bleeding. Topical
burn cream containing lidocaine and lidocaine spray were
applied to help with the pain. A few minutes after lidocaine
application, the patient became lethargic and apneic. Chest com-
pressions were started, and she then developed multiple general-
ized tonic-clonic seizures. EMS arrived, administered midazolam,
and the seizures abated. The patient arrived at the hospital, grad-
ually returned to baseline, and was placed on a dexmedetomi-
dine infusion and given ketamine and midazolam for sedation
and burn dressing changes. The patient’s laboratory studies,
including the basic metabolic panel, were within normal limits.
Telemetry showed no abnormalities. The patient was transferred
to the Pediatric Intensive Care Unit for airway management, burn
debridement, and further medical workup. Continuous EEG moni-
toring was performed and no further seizures were noted.
Neurology evaluated the patient and felt her seizures were pro-
voked by lidocaine toxicity after ruling out other causes. She had
no further seizures during her hospitalization. A comprehensive
toxicology panel was ordered and returned with a serum lido-
caine level of 0.11mg/L.
Discussion: This case represents an uncommonly seen scenario
of systemic lidocaine toxicity secondary to topical lidocaine
administration to an injured dermis. The likelihood of systemic
toxicity may be higher in pediatric patients compared to adults
for several reasons, including increased relative body surface area
and dermal anatomy. Although significant neurologic effects
were noted from the lidocaine toxicity, fortunately no cardiac
effects were noted. The patient did not receive fat emulsion ther-
apy as systemic lidocaine toxicity was not considered until later
in the patient’s hospitalization course. Her elevated serum lido-
caine level and absence of subsequent seizures since the event
suggest systemic lidocaine toxicity as the source of her
symptoms.
Conclusions: The application of topical lidocaine to an impaired
dermis may cause systemic lidocaine toxicity, particularly in pedi-
atric patients. This should be considered in an undifferentiated
patient with altered mentation and seizures who is receiving top-
ical lidocaine with an impaired integumentary system.
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347. Plumbus still among us: a case
report of lead encephalopathy
presenting as status epilepticus in a
pediatric patient

Trevor Cerbinia, Iqra Kamalb, Sophia Politisa,
Anh Tuyet Nguyena, Bruce Rucka, Howard Grellera

and Diane Calelloa
aRutgers New Jersey Medical School; bRutgers Health

Background: Regulatory bans on the use of leaded household
paint and gasoline have significantly reduced the incidence of
severe lead poisoning and lead encephalopathy in the United
States. Given the rarity of these presentations, challenges arise in
their recognition and management.
Case report: This is a single patient case report. A four-year-old-
girl with a history of speech delay and no primary care since 2
months of age presented with afebrile status epilepticus prompt-
ing intubation, sedation, and admission to the Pediatric ICU. She
had a hemoglobin of 4.7mg/dL with an MCV of 68 fL, and was
transfused a total of 30 cc/kg pRBCs on hospital day (HD) 2. A
blood lead level (BLL) obtained on HD2 and resulted on HD4

was 116.2mcg/dL. An abdominal film revealed no radiopaque
foreign bodies, and the patient was started on succimer 350mg/
m2 TID via nasogastric tube (NGT) on HD4. The patient was tran-
sitioned to a continuous infusion of CaNa2EDTA 1500mg/m2

q24h, and BAL 75mg/m2 q4h, once procured on HD5 and HD6,
respectively. On HD9, the BLL was 40.8mcg/dL, and the patient
was transitioned to succimer 350mg/m2 TID via NGT on HD10.
Her PICU course was complicated by ongoing vEEG-confirmed
epileptiform activity requiring titration of multiple sedatives for
burst suppression, hypertension likely secondary to sedation
withdrawal, and neuroimaging reflective of frontal lobar cortical
and subcortical vasogenic edema treated with mannitol. She was
ultimately extubated and transitioned to high-flow oxygen on
HD10, and subsequently to room air and the general pediatric
floor on HD13. Home inspection revealed the presence of lead
on window sills with chipped paint and bite marks, with >
10,000ppm of lead within the surrounding dust.
Discussion: Lead encephalopathy was suspected based on the
co-occurence of refractory status epilepticus and severe micro-
cytic anemia. Once the diagnosis was established, therapy was
focused on expedient and aggressive chelation. Given the need
to procure chelators from neighboring hospital pharmacies, ther-
apy was initiated with oral succimer, transitioned to 5-day
courses of intravenous CaNa2EDTA and intramuscular BAL once
obtained, and followed by oral succimer. The patient’s BLL did
not rebound significantly after transition to oral succimer, sug-
gesting efficacy with this treatment protocol in preventing such
spikes. By HD20, the patient was felt to be near her pre-morbid
neuropsychiatric baseline per her mother. BLL was 33mcg/dL on
HD26; Succimer was discontinued on HD28 after a full 19-day
course.
Conclusions: Lead encephalopathy remains a critical diagnosis in
pediatric patients who present with altered mentation or refrac-
tory new-onset seizures. A history of pica, developmental delay,
recent immigration, or poor access to routine healthcare should
be explored. Our case highlights this and key aspects of manage-
ment, including the importance of timely diagnosis, a flexible
approach to chelation in the face of drug shortages, and a novel
strategy of bridging to succimer after the completion of 5 days
of parenteral therapy.
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348. Argh! scurvy in a child from
extreme food avoidance

Jennifer Plumba, Margaret Plumba, Nicholas Weaverb

and Jeffrey Princec
aUniversity of Utah; bIntermountain Healthcare; cPrimary Children's
Hospital

Background: Historically, scurvy was considered a disease affect-
ing sailors because fruits (rich in vitamin C) were not available on
long sea voyages, and human stores of vitamin C become
depleted in 1–3 months. Today, scurvy is most common in devel-
oping countries where malnutrition is endemic but may occur in
developed countries. Predisposing risk factors include following a
restrictive diet low in vitamin C, dialysis, having an eating dis-
order, living with dementia or mental illness that interferes with
diet, alcoholism, smoking, gastric bypass surgery, malabsorptive
syndromes, and poverty.
Case report: A 5-year-old with a history of nonverbal autism pre-
sented to an ED with 2 weeks of progressive difficulty walking.
She primarily communicates by gesturing and had localized pain
via sign to family as in her knees. Over 2 weeks, she had pro-
gressed from having difficulty walking, to not walking at all, to
not being able to even roll over in bed. She had no known
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trauma, and no signs of illness other than a mild cough. She had
subjective fever 2 weeks prior and on the night before presenta-
tion. No rash, no medications. Wt 56%ile and Ht 97%ile. She was
difficult to assess given her lack of cooperation, but there was no
appreciable joint swelling, warmth, deformity, erythema, or local-
izable tenderness. She was noted to keep B lower extremities
flexed at the hips and knees and resisted attempts to fully
extend them. Initial laboratories showed a mildly elevated CRP of
2.5mg/dL (0–0.7), ESR of 49mm/hr (0–12), and CK was normal
143u/L (0–238). CBC revealed only a mild microcytic anemia with
Hgb 11.3 g/dL (11.5–15.5), Hct 34.3% (35–45), MCV 70.9 fL
(77–95). X-ray imaging revealed concern for a non-displaced L
femur fracture, effusions in bilateral ankles, and edema over the
R tibial metaphysis. Follow up MRI imaging revealed a pattern of
bone marrow edema, periostitis, and myositis highly suggestive
of scurvy. Vitamin C level was checked and was < 5 mcmol/L
(23–114). Treatment was started with vitamin C 300mg IV for 5
days and then 100mg vitamin C daily for 3 months.
Discussion: Scurvy (vitamin C deficiency) is very uncommon in
the US but can develop in cases of extreme dietary restriction.
The symptoms of scurvy tend to start out slowly and worsen
over time and may be vague. Common symptoms of scurvy
include: muscle pain; fatigue; loss of appetite; stiff and swollen
joints; spontaneous bleeding and bruising; petechiae; gingivitis,
ulceration of gums, and gum enlargement; loss of teeth; irritabil-
ity and/or mood changes. Vitamin C deficiency in this child was
caused by her extreme restrictive eating patterns. Treatment was
with IV then oral supplementation of vitamin C.
Conclusions: A thorough dietary history can reveal sources of
both under and overdose of essential dietary nutrients. This atyp-
ical case was ultimately diagnosed by MRI findings as history and
exam were very challenging. This case describes the consequen-
ces of unintentional restricting of vitamin C resulting in a clinical
case of scurvy in a child.
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349. Cardiogenic shock in an
adolescent ingesting fentanyl
adulterated with bupivacaine: a case
report

Alexander Lazara, Jason Devguna, Sarah Rileyb and
Michael Mullinsa
aWashington University in St Louis; bSt. Louis University SOM

Background: Para-intoxicants are pharmacologically active
agents added to illicit substances for either bulking or synergistic
effects. A syringe surveillance program in our area previously
documented that 68% of voluntarily submitted samples con-
tained complex combinations of illicit substances, para-intoxi-
cants, and inactive adulterants. The median number of
substances per pill was 10 (maximum of 33). Lidocaine and xyla-
zine were present in 41 and 36% of samples, respectively.
Lidocaine overdose may produce agitation, seizures, and cardiac
dysrhythmias. Bupivacaine is a long-acting amide anesthetic simi-
lar to lidocaine and has known cardiac toxicity. The oral bioavail-
ability of bupivacaine is unknown.
Case report: A previously healthy 14-year-old male was brought
into a regional hospital after being found unresponsive in his
room. EMS reported patient was unresponsive to noxious stimuli,
had miotic pupils, and shallow respirations that improved with
naloxone. In the ED, patient was unstable (HR 167, BP 88/61) and
hypoxic (SpO2 67% on room air requiring bag-valve mask venti-
lation). He required vasopressors and intubation. Laboratory

studies demonstrated an elevated anion gap (AG 21 mEq/L) with
metabolic acidosis (pH 7.01), acute kidney injury (Cr 2.6mg/dL),
elevated troponin T (522ng/L), and elevated lactate (7.9mmol/L).
Patient remained hypotensive despite vasopressor therapy and
was transferred to tertiary pediatric hospital for management of
cardiogenic shock with VA ECMO. Post-ECMO cannulation, he
remained on multiple inotropic and vasopressor medications for
hemodynamic support and transthoracic echocardiograph
revealed severely decreased biventricular systolic function.
Patient’s family accessed his phone to find a video of him ingest-
ing a pill immediately prior to symptom onset. They later found
a second blue pill stamped with “M30” in his bedroom.
Qualitative analysis using liquid chromatography quadrupole
time of flight mass spectroscopy (LC-QToF-MS) detected norfen-
tanyl, butyryl fentanyl, acetyl fentanyl, cocaine, BEG, venlafaxine,
naltrexone, acetaminophen, and bupivacaine. Sample of patient’s
urine under LC-QToF-MS analysis detected 2,6–pipecolylxylidine
(primary bupivacaine metabolite), fentanyl, and fentanyl metabo-
lites. Insufficient blood volume remained from ED collection for
quantitative analysis of bupivacaine concentration. Patient
improved hemodynamically with ECMO decannulation and extu-
bation occurring on hospital day 4. He had full neurologic recov-
ery at time of decannulation. Subsequent echocardiography
showed return of normal cardiac function. Patient and patient’s
mother gave consent for this case report.
Discussion: Pediatric exposures to illicit substances including
opioids continues to increase. Convenience sampling of voluntar-
ily submitted drug samples demonstrates an increasing number
of illicit compounds in single sample and increasing frequency of
para-intoxicants. Although patient’s myocardial dysfunction and
cardiogenic shock are most likely poly-factorial in setting of opi-
oid overdose, we suspect oral bupivacaine toxicity may have led
to prolonged cardiac depression as indicated by persistent need
of vasopressors, inotropic, and ECMO support across four days.
However, this case highlights the clear need for an increasingly
broad differential in management of acutely ill patients following
substance use and the importance of knowledge of local mix-
tures of illicit substances.
Conclusions: Orally ingested fentanyl adulterated with bupiva-
caine produced sustained severe cardiovascular toxicity requiring
ECMO support in an adolescent patient.
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350. Effect of whole bowel irrigation
for ingested lead-containing foreign
bodies: a case series

Frank Dicker, Michael Mullins and David Liss
Washington University School of Medicine

Background: Foreign body (FB) ingestions commonly cause lead
toxicity in pediatric patients. These ingestions result in continued
lead absorption until passage or removal from the gastrointes-
tinal (GI) tract. Whole-bowel irrigation (WBI) is frequently recom-
mended to aid in removal of these FBs. However, effectiveness
of WBI is not clear. Additionally, children often do not tolerate
the recommended dosing of polyethylene glycol 3350 (PEG)
used for WBI (25mL/kg/h or 0.5 L/h). As a result, they often
receive lower flow rates. In the setting of failed WBI, patients
may require endoscopic removal of ingested FBs. We sought to
describe the effectiveness of WBI to remove lead FBs in children
with lead toxicity.
Case series: We identified patients admitted for treatment of
lead toxicity by our service from 01/01/2017 to 04/25/2023 by
query of a local database. We identified and screened 23 cases
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by directed chart review for treatment of pediatric patients (< 18
years old) with WBI. Seven cases with radio-opaque FBs under-
went further review. For each case we abstracted patient age,
identity of ingested FB, initial and follow-up lead concentrations,
duration of WBI (in hours), maximum flow rate of PEG used for
WBI, success (partial or complete) or failure of FB passage
assessed by daily abdominal radiography, performance of endos-
copy, results of endoscopy if performed, administration of chela-
tion, and duration of hospital stay (in days). We defined partial
success when abdominal radiographs showed interval decrease
in radio-opaque FB burden without complete resolution All 7
patients underwent WBI for at least 24hours. Flow rates varied
with a mean and median of 9.7 and 10mL/kg/h, respectively
(range 5–18mL/kg/h). Only one case resulted in complete expul-
sion of the ingested FB with WBI alone at 5mL/kg/h for 35.5 h.
Four patients underwent endoscopic removal after WBI after
mean and median of 50.6 h and 47.5 h, respectively (range
27–80.5 h) with radiographic confirmation of FB removal. One
patient had partial success after 24 h of WBI. One patient failed
to clear despite 168.5 h of WBI during a 10-day admission. Lead
concentrations on admission had mean and median of 33.5 and
25.1mcg/dL, respectively (range 16.3–65.9mcg/dL).
Discussion: Most cases in this series failed to achieve clearance
of intestinal FBs with WBI alone. This likely prolonged hospitaliza-
tion in most cases. No patient received the recommended flow
rate for WBI of 25mL/kg/h. One 16-year-old received 0.5 L/h, but
this flow rate is generally reserved for smaller children.
Endoscopy was not performed in cases of loose ingested material
such as soil and drywall powder. For cases not amenable by
endoscopic removal, a trial of WBI may still aid in partial
decrease of FB burden.
Conclusions: WBI failed to achieve FB removal in most cases.
Prolonged WBI appears unlikely to increase removal of ingested
lead containing FBs. Early consultation for endoscopy may
decrease duration of hospitalization. Higher PEG flow rates might
be more effective.
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351. Refractory hypoglycemia due to
sulfonylurea contamination of illicit
opioid medication

Jeffrey Savarinoa, Robert Mokszyckib, Robert Tubbsa

and Rachel Wightmana
aDepartment of Emergency Medicine, Alpert Medical School of
Brown University, Providence, RI, USA; bPharmacy Department,
Rhode Island Hospital, Providence, RI, USA

Background: Sulfonylurea medications are widely used in the
treatment of diabetes mellitus (DM) and work by stimulating
insulin release from pancreatic beta cells. Unintentional or inten-
tional overdose of sulfonylureas can cause refractory hypogly-
cemia. There have been previous case reports describing
contamination of street drugs with sulfonylureas leading to
hypoglycemia.
Case report: A 67-year-old male patient with past medical his-
tory of chronic back pain presented to the emergency depart-
ment (ED) after being found lying on the ground with abrasions
to his face and extremities. Upon arrival of emergency medical
services, the patient was difficult to rouse and was confused. The
patient’s initial blood glucose was 30mg/dL, and the patient was
given 125mg of dextrose 10% (D10) en route to the hospital. His
mental status improved, and he was no longer confused upon
arrival at the ED, although he was still amnestic as to how he
ended up on the ground. Trauma workup was negative for acute

injury. The patient’s history and medications were reviewed, and
he denied a history of diabetes, use of insulin, or known inges-
tion of any glucose-lowering medications. The patient’s initial
blood glucose level upon arrival at the ED was 73mg/dL. This
was checked one hour later and was found to be 34mg/dL.
Additional boluses of D10 and provision of several high-calorie
meals did not substantially improve serum glucose levels. He
was then started on a D10 infusion at 150mL/hr. While his glu-
cose initially normalized, the patient became hypoglycemic again
once the rate of the D10 infusion was reduced. No infectious,
neoplastic, or dietary source could be identified. The patient did
admit to buying what he thought was oxycodone from a seller
on the street and noticed that the pill shape and color was dif-
ferent from his usual supply. On the night prior to the patient’s
ED presentation, he had consumed several of these pills. A serum
sulfonylurea detection assay was ordered, and the patient was
empirically treated with octreotide 100mg subcutaneously with
resolution of his hypoglycemia. His testing returned with a serum
glipizide concentration of 240ng/mL, six times the reporting
range.
Discussion: This case represents a likely inadvertent ingestion of
glipizide, a type of sulfonylurea, resulting in hypoglycemia refrac-
tory to intravenous dextrose and oral nutrition. In addition to
dextrose and oral nutrition, patients presenting with hypogly-
cemia induced by unintentional sulfonylurea ingestion can be
treated with octreotide (50–100mcg, subcutaneously, every
6 hours), which decreases insulin release from pancreatic beta
cells. Octreotide reversed this patient’s hypoglycemia.
Conclusion: Refractory hypoglycemia may be due to inadvertent
or intentional consumption of sulfonylurea medications.
Ingestion of street drugs may present a potential source of sulfo-
nylurea exposure.
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352. Pediatric bupropion fatality
despite removal of intact pills and
pharmacobezoar

Ron Kirschner and Karen Smith
Nebraska Regional Poison Center

Background: Modified-release bupropion is a potentially life-
threatening ingestion in young children. We present a child who
had severe neurologic and cardiovascular effects and died des-
pite an invasive but delayed gastrointestinal (GI) decontamin-
ation procedure followed by veno-arterial extracorporeal
membrane oxygenation (VA-ECMO).
Case report: A healthy 3-year-old female appeared stiff and
tremulous after family found her with a bottle of modified-
release bupropion 300mg tablets. Family described these as
“Wellbutrin XL,” but the specific formulation could not be con-
firmed as the original container was unavailable. They brought
the child to a local emergency department (ED) where she was
noted to be nonverbal with a heart rate of 122 beats/minute,
blood pressure 89/69mm Hg, respiratory rate 20 breaths/minute,
temperature 97.78F, and oxygen saturation 98% on room air. Lab
results included a normal CBC and metabolic panel that was
unremarkable except for potassium 3.1mmol/L and AST 48U/L.
ECG showed sinus rhythm at 144 beats/minute, with QRSd
102ms and QTc 523. The child had a generalized seizure. She
was given lorazepam, intubated, and transferred to a regional
medical center (RMC) but GI decontamination was not per-
formed. At the RMC she was initially bradycardic (low 50s) and
was started on an epinephrine infusion. The child then devel-
oped ventricular tachycardia with cardiac arrest. Resuscitation
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included epinephrine boluses, defibrillation, amiodarone, sodium
bicarbonate, and intravenous lipid emulsion. Return of spontan-
eous circulation was achieved on multiple vasopressors.
Acetaminophen, salicylate, and ethanol were undetectable at the
RMC. Social work interviewed family members and found no evi-
dence that bupropion had been administered to the child.
Because ultrasound showed an echogenic structure within the
stomach suggestive of a bezoar, gastroenterology performed
endoscopy on day 2 that revealed a whitish mass. They broke
this up, removing 30 intact pills and 10 partially intact pills. The
child was placed on VA-ECMO in the PICU. She was treated with
stress dose steroids, antibiotics for presumed aspiration, and con-
tinuous renal replacement therapy due to acidosis and oliguria.
Providers were able to discontinue ECMO on day 7. The child
remained unresponsive, and on day 8 MRI showed evidence of
hypoxic brain injury. Subsequent brain CT showed diffuse cere-
bral edema, and family changed the child’s status to comfort
care. She was extubated and died on day 14. Serum bupropion
and hydroxybupropion concentrations obtained shortly after
arrival at the RMC were 42,000 and 8900 ng/mL, respectively,
then declined.
Discussion: It’s unclear whether activated charcoal or whole
bowel irrigation, if administered at the initial ED, could have
changed the outcome in this case. These options should be con-
sidered in patients with seizures or other neurologic effects after
modified-release bupropion ingestion once the airway has been
secured, despite uncertain ingestion time.
Conclusions: Due to prolonged absorption, the onset of serious
effects following modified-release bupropion ingestion may be
delayed. The risks and benefits of GI decontamination should be
assessed even if the patient may be more than 1–2 hours post-
ingestion.
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353. Pediatric exploratory psilocin
ingestion: a case series

Shawn Luoa, Rafael Limab and Blake Froberga
aIndiana University; bNorthwestern University

Background: Psilocybin & psilocin are increasingly used with
well-described clinical effects in adults. Pediatric exposure is
sparsely reported. This is a case series of two pediatric psilocin
exposures.
Case series: Case 1: 5-year-old male ate a chocolate candy. Ten
minutes later, he developed a slowed verbal response, unsteadi-
ness on his feet, and dilated eyes. The patient subsequently had
a headache with two episodes of emesis and was brought to the
emergency department. Initial evaluation, which included a CT
head, routine labs, and a 10-panel urine drug immunoassay,
were unremarkable. He was able to eat a popsicle. While being
prepared for discharge, he developed sinus bradycardia (50
bpm). He became lethargic and was minimally responsive to a
fingerstick glucose. He was transferred to a tertiary pediatric cen-
ter. On arrival to the pediatric center, the patient had bradycardia
(70 bpm), constricted pupils, and somnolence. He did move all
extremities purposefully and resisted the exam. EKG revealed
sinus bradycardia (68 bpm), QRS duration of 80 msec, QTc of 433
msec. Overnight, the patient’s mentation gradually improved and
by next morning was back to baseline with normalization of vital
signs and pupils. Urine LC/TOF-MS (Expanded Urine Drug Screen,
1876U, NMS Labs) was sent and positive only for psilocin. Case 2:
Previously healthy 20-month-old female ingested a corner of a
“magic truffle” chocolate bar, corresponding to an estimated
dose of 10mg psilocin. The mother called 911 immediately and
the patient was brought to a hospital. In the ED, the patient was

initially asymptomatic, but within 2 hours developed somnolence
with small pupils, decreased tone, and responded only to painful
stimuli. EKG, a 10-panel urine drug immunoassay, and routine
labs were unremarkable. Overnight, her mental status gradually
improved and was back to baseline the following morning. Urine
LC/TOF-MS (Expanded Urine Drug Screen, 1876U, NMS Labs) was
sent and positive only for psilocin.
Discussion: There are few previous reports of pediatric psilocin
exposure. In adult psilocin/psilocybin exposures, the commonly
reported effects are dysphoria, hallucinations, drowsiness,
tachycardia, and mydriasis. In our pediatric patients, we noted
more pronounced CNS sedation. Interestingly, their exam find-
ing of miosis and bradycardia are in contrary to those of adult
exposures. Our patient’s symptoms resolved in 16 hours.
Neither their clinical history nor expanded urine drug testing
indicated co-ingestion of other CNS depressants such as
opioids, clonidine or benzodiazepines. Hence the differences in
manifestation either represent a higher relative dose, or per-
haps a relationship between psilocin and the physiology of
pediatric patients.
Conclusions: As edible forms of psilocybin/psilocin products
grow more popular, we may see an increase in pediatric explora-
tory exposure, similar to the increased exploratory exposures
with edible THC products. Medical toxicology and pediatric pro-
viders should be vigilant and help educate the public on risk
reduction.
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354. Melatonin ingestions by young
children treated at emergency
departments

Ivan Barinasa, Julie Georgea, Ramy Masouda,
Brett Rotha and Mathias Forresterb
aNorth Texas Poison Center, Dallas, TX, USA; bIndependent
Researcher, Austin, TX, USA

Background: Melatonin is a hormone produced by the body
that regulates the sleep-wake cycle. It is available over-the-
counter in the United States (US) in tablet, capsule, liquid, and
gummy formulations. Melatonin sales in the US increased by
approximately 150% between 2016 and 2020. Because of its
widespread use and availability, children are at increased risk
of melatonin ingestion. The more common adverse reactions
associated with melatonin ingestion include drowsiness, dizzi-
ness, headache, nausea, ataxia, and agitation. A study of iso-
lated melatonin ingestions by children reported to US poison
centers during 2012–2021 found that the annual number of
exposures increased 530% during the ten-year period. The
objective of this study was to characterize pediatric melatonin
ingestions treated at US hospital emergency depart-
ments (EDs).
Methods: Data were obtained from the National Electronic
Injury Surveillance System (NEISS), a database of consumer
product-related injuries (including all poisonings to children
under age 5 years) collected from a representative sample of
approximately 100US hospital EDs. National estimates are cal-
culated from database records according to the sample weight
assigned to each case based on the inverse probability of the
hospital being selected for the NEISS sample. To identify
melatonin ingestions involving patients age 0–4 years reported
during 2000–2021, all records with “melatonin" or misspellings
of the word mentioned in the Narrative text field were
reviewed, and those that appeared to be melatonin ingestions
were included in the study. The distribution of estimated
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melatonin ingestions was determined for various factors
related to patient demographics, exposure circumstances, and
disposition.
Results: A total of 513 melatonin ingestions involving patients
age 0-4 years were reported to a sample of US hospital EDs
during 2000–2021, resulting in an estimated 16,650 such inges-
tions. No melatonin ingestions were reported during
2000–2001; 96 (0.6%) estimated ingestions were reported dur-
ing 2002-2006, 746 (4.5%) during 2007–2011, 5,307 (31.9%)
during 2012–2016, and 10,501 (63.1%) during 2017–2021.
Patient age distribution was 134 (0.8%) 0 years, 2,409 (14.5%)
1 year, 6,367 (38.2%) 2 years, 5,781 (34.7%) 3 years, and 1,959
(11.8%) 4 years; 9,116 (54.8%) patients were male and 7,533
(45.2%) female. The location of the incident was 14,247
(85.6%) home, 222 (1.3%) other location, and 2,181 (13.1%)
not recorded. The melatonin formulation was documented as
gummy in 2,204 (13.2%) estimated ingestions; 14,850 (89.2%)
of the estimated ingestions did not mention other substances.
Patient disposition was 14,971 (89.9%) treated or examined
and released, 792 (4.8%) treated and admitted for hospitaliza-
tion, 286 (1.7%) held for observation, 204 (1.2%) treated and
transferred to another hospital, and 396 (2.4%) left without
being seen/ against medical advice. A clinical effect was
reported in 836 (5.0%) of the estimated ingestions, the most
common being 532 (3.2%) drowsiness/lethargy.
Conclusions: Estimated melatonin ingestions involving patients
age 0-4 years reported to US hospital EDs increased during
2000–2021. The majority of patients were age 2-3 years, and
most ingestions occurred at home. Almost 90% of the ingestions
did not involve other substances. The majority of patients were
treated or examined in the ED and released.
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355. Vilazodone ingestion in a 13-
month-old child

Melissa Huber, Sheila Goertemoeller and Shan Yin
Cincinnati Drug & Poison Information Center

Background: Accidental pediatric exposures to selective sero-
tonin reuptake inhibitors (SSRIs) have historically been well-toler-
ated, prompting consensus guidelines recommending home
observation for doses not exceeding five times the initial adult
therapeutic dose. Since vilazodone’s introduction to market in
January 2011, several case reports and retrospective analyses of
the National Poison Data System have elucidated increased risks
with relatively low doses. It has a dual mechanism of action as a
SSRI and partial agonist at 5-HT(1A) distinguishing it from other
SSRIs. We report a vilazodone overdose in the youngest patient
to date to develop seizures as part of her significant intoxication.
Case report: A 13-month-old female, with history of hypotonia
but otherwise healthy, presented to an emergency department
(ED) drowsy but arousable and tachycardic (heart rate [HR] 150)
approximately one hour after ingesting an estimated dose of
14.6mg/kg vilazodone. Over the next 2 hours, she developed
tonic-clonic seizures and increased body temperature. Two doses
of lorazepam 0.5mg/kg were administered, and she was loaded
with levetiracetam. About 4.5 hours post-ingestion, she was unre-
sponsive and tremulous, with elevated HR (172), BP (112/78), and
respiratory rate [RR] (42), but protecting her airway and maintain-
ing oxygen saturation (99%). Tremulousness persisted with
uncontrolled muscular movements at 9 hours post-ingestion. She
continued with sinus tachycardia (HR 170s) and tachypnea (RR
40s to 50s), but her BP improved (90s–100s/70s–80s) and she
was afebrile. At approximately 20 hours post-ingestion, she

remained slightly drowsy and tachycardic (HR 160) but other
vitals were within normal limits. She continued to improve over
the course of the next day and was medically cleared at about
48 hours post-exposure. Serial EKGs throughout her course
showed sinus tachycardia. A head computed tomography and
continuous electroencephalogram monitoring instituted in the
ED after initial seizure activity were unremarkable.
Discussion: Previously published case reports of accidental child-
hood exposure to vilazodone have involved older children with
estimated doses ranging from 5.45 to 37mg/kg. This patient had
seizures within 2 hours of ingestion time from an estimated dose
of 14.6mg/kg. Vilazodone’s putative mechanism as both a SSRI
and serotonin partial agonist lends itself to increased serotoner-
gic neurotransmission as compared to other SSRIs. Consensus
guidelines for out-of-hospital management (of five times the
adult therapeutic dose) cannot be applied for accidental vilazo-
done exposures in the pediatric population. It remains unclear if
there is any safe amount that can be managed in a home
setting.
Conclusions: We report a case of vilazodone toxicity in a 13-
month-old who experienced severe symptoms of serotonergic
excess including rapid onset seizures after an accidental inges-
tion of an estimated 14.6mg/kg dose.
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356. Lamotrigine toxicosis in dogs:
how much is too much?

Tina Wismer and Laura Stern
ASPCA Animal Poison Control Center

Background: Lamotrigine is a phenyltriazine anticonvulsant used
for the treatment of bipolar disorder and partial or generalized
seizures in humans. Lamotrigine is not used in dogs due to con-
cerns for toxicity even at low dosages. While the exact mechan-
ism of action is unknown, it is suspected that lamotrigine inhibits
voltage-sensitive sodium channels, thereby stabilizing neuronal
membranes and consequently modulating presynaptic transmit-
ter release of excitatory amino acids (e.g., glutamate and aspar-
tate). In humans, lamotrigine is extensively metabolized in the
liver by glucuronic acid conjugation: the major metabolite is an
inactive 2-N glucuronide conjugate (75–90%). Lamotrigine in
dogs is extensively metabolized to a 2-N-methyl metabolite. This
metabolite causes a dose-dependent prolongation of the PR
interval, widening of the QRS complex, and complete atrioven-
tricular (AV) conduction block at higher doses. Similar cardiovas-
cular effects are not anticipated in humans because they only
make trace amounts of the 2-N-methyl metabolite.
Case series: The database was queried for single agent dog
exposures to lamotrigine. There were 4401 dogs found. Of this
number, 630 were symptomatic at the time of the call. Looking
further into the data the dosage was known (or suspected) for
542 dogs. The most common clinical signs were vomiting (52%),
cardiac arrhythmias (both brady and tachy) (47%), lethargy (40%),
ataxia (21%), tremors (13%), and seizures (11%). Death occurred
in 16 (3%) of the dogs. Mild lethargy, ataxia, and vomiting began
below 5mg/kg. Dosages over 8mg/kg resulted in tachycardia,
tremors, and hypertension. Severe arrhythmias were seen over
20mg/kg and seizures over 30mg/kg. The lowest dosage death
occurred at was 39.37mg/kg. It is thought that the cause of the
cardiac arrest was likely due to cardiac arrhythmias. Most died
between 4 and 12hours post exposure.
Discussion: Quick decontamination and in hospital veterinary
monitoring is key in improving the prognosis. Several of the
above animals died at home or on the way to the veterinary

CLINICAL TOXICOLOGY 173



clinic. Emesis can be performed if the dog is asymptomatic. Risks
of aspiration should be considered if activated charcoal is given.
IV fluids should be started. Electrolytes, acid-base status, and
heart rhythm should be monitored. A continuous ECG should be
considered in dosages higher than 20mg/kg. Arrhythmias should
be treated as necessary (VPCs, ventricular tachycardia, and AV
block are most common). Intravenous lipid therapy can be used
for cases with severe cardiovascular effects (will decrease effect-
iveness of lidocaine). Hemodialysis in people was of questionable
efficacy.
Conclusions: Prognosis is good for animals showing mild signs
but guarded for animals with severe cardiac arrhythmias.
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357. Oral-only lead chelation therapy
for severe lead toxicity in the United
States

Karen Muschlera, George Wangb and Laurie Halmob
aRocky Mountain Poison Center/Denver Health; bChildren's
Hospital Colorado/Rocky Mountain Poison Center

Background: Lead toxicity continues to be a concern with com-
plicated management despite centuries of data. Around 500,000
children in the United States have blood lead levels above the �

3.5mcg/dL threshold concentration. Current standard of care rec-
ommends hospitalization for intravenous and intramuscular che-
lation for lead concentrations � 70mcg/dL. We present a child
with > 80mcg/dL lead concentration managed with oral-only
therapy with improvement in lead toxicity.
Case report: A 20-month-old ex-32-week female who recently
moved to rural Colorado from Mexico City presented to her pedi-
atrician for her 18-month well-child appointment. She had
chronic constipation and never walked. Otherwise, she had an
age-appropriate neurological and physical exam. As part of rou-
tine screening, a capillary blood lead concentration was obtained
and resulted 97mcg/dL. Verification via venous sample was
83mcg/dL. The patient was directed to the emergency depart-
ment at a tertiary care children’s hospital with plan to start
dimercaprol and calcium disodium EDTA (CaNa2EDTA) but
CaNa2EDTA is no longer available in the United States as of
October 2022. The plan was made to start the patient on oral
dimercaptosuccinic acid (succimer)-only therapy as she was
otherwise clinically well and able to take PO. Succimer was dosed
at 200mg PO every eight hours for the first five days. Venous
lead concentrations were trended and decreased to 41.2mcg/dL
at time of discharge. She was prescribed 200mg succimer twice
daily as an outpatient for an additional 14 days. The Public
Health Department identified Mexican pottery as the source of
lead exposure. The child’s mother was using the pottery to make
tea and prune juice to manage her severe constipation.
Unfortunately, her lead level rose again after discharge. After
accounting for lead redistribution, the concentration rose to
67.3mcg/dL, suggesting ongoing exposure and/or a lack of com-
pliance with prescribed succimer. Patient was prescribed a
second course of observed succimer therapy as an outpatient.
Discussion: The recommended standard of treatment for lead
concentrations �70mcg/dL is dimercaprol and CaNa2EDTA. This
therapy can be poorly tolerated due to pain and food allergies.
Regardless, with current drug shortages, this modality is unlikely
to be available for the foreseeable future. Literature from a mass
lead outbreak in Nigeria suggested that oral chelation therapy
was beneficial in lowering lead concentrations in resource limited
areas in children with tremendous lead burdens. However,
decrease in concentrations with treatment may not be as robust

and may lead to prolonged hospitalization. As in our case, there
may also be concerns of compliance once discharged home if
concentrations have not completely fallen.
Conclusions: Oral chelation may be a reasonable therapeutic
option even for high lead concentrations during drug shortages.
However, additional factors need to be considered: how this may
impact hospital length of stay while ensuring adequate decline
in concentration in an era of hospital crowding and limited pedi-
atric bed availability, patient and family compliance with long
courses of outpatient care, and availability of a scarce
medication.
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358. Ethanol metabolism rate of a
premature infant

Sundip Jagpal, James Chenoweth and
Shelby Randall
University of California, Davis, CA, USA

Background: In adults, ethanol is primarily metabolized by alco-
hol dehydrogenase (ADH) with utilization of other minor path-
ways such as CYP2E1, CYP1A2, and catalase. The elimination rate
in non-tolerant adults is commonly accepted as 15–20mg/dL/hr,
with zero-order kinetics. However, less is known about the
metabolism rate of infants, as these cases are uncommon.
Previous case reports on ethanol clearance in pediatric patients
have shown varying rates from 17.1–49.7mg/dL/hr. We report
the elimination kinetics of ethanol in a 6-month-old infant
exposed to an ethanol-based hand-sanitizer.
Case report: A 6-month-old with a past medical history of
extreme preterm birth at 22 weeks 4 days, G-tube dependence,
and chronic lung disease on home oxygen, initially presented to
the emergency department (ED) with altered mental status fol-
lowing exposure to hand sanitizer. The hand sanitizer contained
70% ethanol and had reportedly been used to flush his gastric
tube by mistake. The 6.1bkg infant was noted to be tachypneic
and altered on arrival to the ED. He was intubated for airway
protection shortly after ED arrival. Initial labs showed an ethanol
level of 414.8mg/dL with a glucose of 92mg/dL and a lactate of
7.9mmol/L. He was started on fentanyl and vecuronium along
with a maintenance dextrose infusion to prevent hypoglycemia.
He was subsequently transferred to a tertiary care pediatric inten-
sive care unit for higher level of care. Repeat labs 7 hours after
presentation showed a down-trending ethanol level of 210mg/
dL. Lactate normalized within 24 hours. By the third blood draw,
19.7 hours after presentation, the patient had undetectable etha-
nol levels. The patient’s hospital course was complicated by
acute hypoxic respiratory failure thought to be due to aspiration
and he was placed on extracorporeal membrane oxygenation
(ECMO) until his respiratory status improved and he was subse-
quently able to come off of ECMO.
Discussion: Various factors are thought to affect the pharmaco-
kinetics of ethanol in infants compared to adults, including vari-
able absorption, immaturity of enzymes, and variations in
volume of distribution. Absorption can be less predictable due to
prolonged gastric emptying in children and variable blood flow.
Ethanol is metabolized by multiple enzymes, including ADH,
CYP2E1, CYP1A2 and catalase. In adults, the major pathway
involves ADH, but this enzyme is developing in infants, and they
only have 30-40% ADH activity by the first year of life. It is
assumed that catalase plays a greater role in neonatal and infant
alcohol metabolism. In our patient, the first two labs showed a
metabolism rate of 29.3mg/dL/hr. Based on that rate he may
have had undetectable ethanol levels at 850minutes from initial
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hospital presentation, well before the third ethanol level was
obtained.
Conclusions: There is significant variation in infant ethanol
metabolism rates. Surprisingly, they appear to be faster than
those seen in non-tolerant adults. This case continues to show a
trend of zero-order kinetics with a metabolism rate of 29.8mg/
dL/hr though we are limited in only having 2 non-zero data
points for analysis.
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359. Serotonergic toxidrome after
insufflation of an MDMA precursor

Adiel Aizenberg, Geoffrey Smelski, Farshad M. Shirazi
and Jaiva Larsen
Arizona Poison and Drug Information Center

Background: Acetophenone is an aromatic ketone. These com-
pounds are used in the manufacture of various substances in
pharmaceuticals, agrochemicals, and as a solvent. They have also
been used to induce sleep. Synthetic and naturally occurring
molecules containing a dioxolane group are of particular interest
due to their pharmacological properties.
Case report: A 17-year-old male was found unresponsive at a
friend’s house when EMS was called. He was given intranasal
naloxone with no reported effect. On arrival at the ED the
patient was found to be in narrow complex tachycardia at a rate
in the 140’s, a blood pressure of systolic 90’s/60’s, a pulse oxim-
etry reading in the low 80’s, respiratory rate in the 40’s, and tem-
perature of 39.5 � Celsius, with mydriatic poorly responsive
pupils, and not diaphoretic. He made no purposeful movements
with a GCS of 3. No exam findings were fasciculations of his
facial and truncal muscles, coarse breath sounds in the right pos-
terior chest, and an erythematous urticarial rash on his left wrist
area. The team quickly acted to oxygenate the patient, adminis-
ter fluids, and for possible anaphylaxis he was given pushes of
intravenous epinephrine with diphenhydramine. He was also
given midazolam in the event that the fasciculations represented
non-convulsive status epilepticus. His vitals improved and the
patient was intubated. He was actively cooled and started on
vasopressors. A baggie was then found in the patient’s left
pocket containing white powder with a short straw. Labs were
notable for mild acidosis, mild acute kidney injury, transaminitis
in the low 200’s, CK elevation, and elevated troponin. Urine drug
screen was positive for fentanyl, THC, and benzodiazepines (ben-
zos having been given prior to collection). CT imaging of the
entire axial body showed aspiration pneumonia and areas of
myositis in the left hip and left wrist. A GC/MS on day 2 resulted
with the compound 3,4-methylenedioxyacetofenone. There is lit-
tle to no information available on the Internet regarding isolated
use in humans. It has been detected in samples of MDMA col-
lected from Australia, likely as a precursor or byproduct during
synthesis. In nature it originates from the plant Ruta angustifolia,
where it is known to cause dermatitis on skin contact.
Commonly known as “Ruta”, the plant is found in the
Mediterranean and Western Asia. The molecule is available for
purchase over the internet. It appears similar to cathinones and
ring-substituted amphetamines. The patient was eventually dis-
charged to physical therapy for persistent issues with ambulation
but otherwise recovered two weeks later.
Discussion: This case illustrates the clinical course of a patient
with exposure to a previously undocumented substance used by
humans. The clinical picture appears consistent with serotonin
syndrome and the compound elucidated on mass spectrometry
appears structurally like compounds which are known to be sero-
tonergic. As no methylenedioxymethamphetamine was detected

on GC/MS, it is likely that the substance being used was a syn-
thetic precursor or not previously reported novel psychoactive
substance.
Conclusions: Novel psychoactive substances are widespread,
should be recognized, and treated with standard measures.
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360. Poison in a pod: black locust
seed ingestion with delayed
symptoms in a toddler

Heather Della Vedovaa, Sheila Goertemoellera,
Edward J. Ottenb and Shan Yina
aCincinnati Children's Hospital DPIC; bUniversity of Cincinnati
Medical Center

Background: The black locust (Robinia pseudoacacia), a member
of the Fabaceae family is endemic to temperate zones in the
United States. Blooming in early summer, a characteristic feature
are brown clusters of pods during the winter. This deciduous tree
contains the toxins phasin, robin, and robitin that disrupt protein
synthesis. The seeds, like other legumes, are encased in a 2- to 4-
inch-long pod that remains on the tree throughout winter. There
are up to 10 seeds per pod. We report the youngest child in the
literature with a known amount of chewed black locust seeds.
Case report: A 2-year-old previously healthy child was found
chewing on seeds from an unknown seed pod. Her mother
noticed that she had chewed up 4 seeds and using Google images
identified the pod belonged to the black locust tree. She called
the poison control center and sent an image via email. The image
identification was confirmed by a medical toxicologist and the
patient was referred to the emergency department (ED). The
patient ingested only one third of the dose of activated charcoal
(AC) within 1.5hours of ingestion, and subsequently remained
asymptomatic for 4hours before being discharged home.
Approximately 6hours post-ingestion at home the patient had 3
episodes of emesis and returned to the ED. She was agitated,
hypertensive, tachycardic and screamed throughout her physical
examination. She received intravenous fluids and the antiemetic
ondansetron. Her electrolytes, blood glucose, liver and kidney func-
tion were unremarkable, and she was admitted to a pediatric unit
overnight for observation. The patient returned to baseline, had no
further emesis, and was discharged home 21hours post-ingestion.
Discussion: All parts of the black locust tree contain toxalbumins
but the principal toxalbumin robin is most concentrated in the
bark. Like ricin it is a plant glycoprotein that disables ribosomes
and causes subsequent cytotoxicity and cell death in multiple
organs. Early symptoms are gastrointestinal in nature that can
progress to coma, seizures, hepatic and renal failure. Veterinary
literature and pediatric case series ingestions all involve the bark
which has a sweet, licorice-like flavor. Both seed ingestion case
reports in the literature are in older children and lack information
on the number of seeds ingested or whether they were chewed.
In our patient, despite chewing 4 seeds there was a 6-hour delay
in symptom onset. Following partial decontamination with AC
and symptomatic care within a health care facility, the patient
had a good outcome.
Conclusions: Delayed toxicity onset of 6 hours can occur from
chewed black locust seeds. Prompt decontamination and sup-
portive care remain the mainstay of treatment for toxalbumin
ingestions.
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361. Tolerance of an enteral
bupivacaine exposure in an infant
with a cardiac condition

Tejas Shah, Justin Arnold and Alexandra Funk
Florida Poison Information Center – Tampa

Background: Bupivacaine is classified as an amide local anes-
thetic widely used for local, regional, or surgical anesthesia (as
well as analgesia in certain cases). Local anesthetics are leveraged
for their ability to block the generation of the action potential in
nerve cells via elevating the threshold of electrical excitation.
Systemic toxicities, particularly with bupivacaine, such as cardio-
respiratory depression, central nervous system (CNS) toxicity, and
coma ultimately progressing to respiratory arrest via intravascular
injection are well documented.
Case report: A six month-old 4.8 kg intubated female was in the
operating room undergoing J-tube placement with a previous
history of corrective surgery (Tetralogy of Fallot and major aorto-
pulmonary collateral arteries) during the same visit when the
Poison Center received a call from a hospital physician. The child
received 4mL of bupivacaine hydrochloride 0.25% solution for
injection administered subcutaneously (10mg bupivacaine) and
inadvertently an additional 6mL of bupivacaine hydrochloride
0.25% solution for injection (15mg bupivacaine) through a naso-
gastric tube. At the time of the call a blood pressure of 112/
59mm Hg and heart rate of 135 bpm were recorded, the phys-
ician attributed the elevated blood pressure likely to placement
of the J tube. The total dose administered was 5.2mg/kg with
3.125mg/kg solely representing the enteral portion. Buck et al.
reference an eleven-month-old who exhibited ventricular tachy-
cardia after administration of a 5mg/kg parenteral bupivacaine
dose. In our case the physician opted to initiate a midazolam
drip for sedation with added GABAergic effects. The Poison
Center confirmed precautionary heightened monitoring was insti-
tuted immediately upon exposure with close monitoring of the
blood pressure, heart rate, EEG, and cardiac monitoring with no
anomalies detected throughout the procedure. Six hours after
exposure the patient had no documented seizure; EEG monitor-
ing continued out of an abundance of caution.
Discussion: An inadvertent cardiotoxic exposure in an already
cardio-sensitive patient is an infrequent event. The vast available
literature of bupivacaine appears to only focus upon the paren-
teral route and its known cardiodepressive and nervous system
effects, with scant evidence regarding bupivacaine's enteral
effects. Mogensen et al. undertook a pharmacokinetic study uti-
lizing bupivacaine lozenges with varied doses up to 50mg for
oral mucositis relief in adult cancer patients. Various lozenge
strengths demonstrated relative bioavailability increases two-to-
three-fold, dependent upon the higher degree of mucositis in
patient subsets. Through measurable serum absorption of the
lozenges, oral absorption occurred at a significantly low enough
rate to still avoid any observable adverse effects. Our case report,
a limited single case, in an already therapeutically-ladened bupi-
vacaine infant exhibits that with the additive enteral dosing we
believe that bupivacaine has extremely poor oral absorption
when exposed to intact enteral membranes.
Conclusions: This exposure aids as a single case to demonstrate
bupivacaine's docile nature with the enteral route, in a highly sus-
ceptible and fragile newborn as compared to its more commonly
utilized parenteral usage and risk of CNS and cardiotoxicity. Until
a formal toxicity threshold is determined, clinicians should con-
tinue to monitor oral exposures for possible toxic effects.
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362. When milk formula is not a good
choice: acute sodium bicarbonate
poisoning in aa four-month-old infant

Mariapina Galloa, Maria Gioia Contessaa, Andrea
Giampretia, Marco Cirronisa, Georgios Eleftherioua,
Daniele Crosab and Giuseppe Bacisa
aBergamo Poison Center, ASST Papa Giovanni XXIII Hospital;
bPediatric Division Giovanni Paolo II Olbia Hospital

Background: Sodium bicarbonate is a widely available house-
hold product used for cooking, baking, personal care, and clean-
ing purposes. Severe toxicity and fatality from sodium
bicarbonate overdose is very rare. In adults, the most common
toxicity is the use as an antacid, as a method to cause falsely
negative illicit drug tests, and to treat urinary tract infections.
Acute ingestions of sodium bicarbonate cause metabolic alkal-
osis, electrolyte abnormalities, altered mental status, dysrhyth-
mias, tachypnea, and rhabdomyolysis. We describe a case of an
infant who developed acute sodium bicarbonate poisoning,
improperly used for preparing infant feeding bottle.
Case report: A four-month-old male infant, 6 kg weight, was
brought to the emergency department (ED) with vomiting and
diarrhea. Parents reported he was fed with 30ml of sodium
bicarbonate, instead of the formula milk, three hours before. In
ED, the patient was crying and irritable. Vital signs were normal.
The initial peripheral venous blood gas (PVBG) found alkalosis
(pH 7.64), high level of bicarbonates (50 mEq/L), hypernatremia
(153mmol/L), hypokalemia (2.3mmol/L), hypocalcemia
(0.96mmol/L). The pediatrician contacted our Poison Control
Center. He was advised to correct acid-base abnormalities and to
monitor the patient. The EKG showed sinusal rhythm and a QTc
interval of 460ms. Serial PVBGs were evaluated for monitoring
the acid-base disorder. During observation, the patient had two
other episodes of vomiting. He was treated with intravenous nor-
mal saline and potassium replacement. About 48 hours after
ingestion, the PVBG parameters were normal and he was dis-
charged on the fourth day. To understand what happened, the
mother was asked about the mistake. She stated that the baby-
sitter, while preparing the milk formula, mistook the sodium
bicarbonate container for the milk powder and used 33.6 g of
sodium bicarbonate in 210ml of water (16%, 413 mEq of sodium
and 413 mEq of bicarbonate).
Discussion: Our patient ingested 30ml of the solution, equal to
59 mEq of sodium and 59 mEq of bicarbonate. Rapid onset of
symptoms and recognition of improper infant formula prepar-
ation led to rapid ED response and treatment.
Conclusions: Sodium bicarbonate is rarely considered harmful
and emergency physicians should be aware of its potential mis-
use and toxicity, and the early treatment can improve the
outcome.
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363. Assessing time to symptom
onset and optimal observation period
for unintentional amlodipine
ingestions in pediatric patients: a 22-
year retrospective review

Jay Adamsa, Stephanie Honb, Robert Gellera, Patrick
Filkinsa and Tim Moranc
aGeorgia Poison Center; bGeorgia Poison Center/ Grady Health
System; cEmory University

Background: Amlodipine, a dihydropyridine calcium channel
blocker characterized by its 24-hour duration of action, has
scarce literature regarding the optimal observation time for unin-
tentional pediatric ingestions. Literature published over the last
20 years suggests observation times widely ranging from
618hours post-inadvertent ingestions of amlodipine within the
pediatric population. This study aims to evaluate the time to
symptom onset and the appropriate observation period in pedi-
atric patients following unintentional amlodipine ingestions.
Methods: We conducted a retrospective analysis of unintentional
amlodipine ingestions reported to our regional poison center
between January 2000 and January 2023. The study included
pediatric patients who unintentionally ingested amlodipine-only
and were followed to a known medical outcome. Multi-drug,
intentional, and malicious exposures were excluded. Data on
demographics, clinical presentation, treatments, and medical out-
comes were collected and analyzed. The relationship between
mg/kg was investigated through multiple approaches, including
(1) a Cox regression to assess time-to-event, (2) a Gamma regres-
sion to examine time-to-event specifically for symptomatic
patients, and (3) a logistic regression to determine the associ-
ation between mg/kg and the presence or absence of symptoms,

irrespective of the time taken. The analyses were adjusted for
potential confounding factors, such as age and gender.
Results: Two hundred cases that met the criteria were selected for
further descriptive and statistical review. Nearly all the exposures
were unintentional general (n ¼ 194) with the remainder being
therapeutic error (n ¼ 5) and unintentional unknown (n ¼ 1). The
median age was 24 months (IQR 20–24); median weight was
12.7 kg (IQR 24.2–32.56); median dose ingested was 10mg (IQR
5–10); and median mg/kg ingested was 0.60 (IQR 0.42–0.82). Acute
ingestions accounted for 99% (n ¼ 198) of cases. Regarding cer-
tainty of exposure, 19% (n ¼ 35) of cases were exact, 37% (n ¼

73) were maximum possible, 22% (n ¼ 43) were estimates, and
21% (n ¼ 41) were unknown. In total, 90% (n ¼ 179) of cases
reported no effects; 7% (n ¼ 19) reported minor or moderate
effects (hypotension, bradycardia, central nervous system depres-
sion), and for 2 cases the effects were recorded as unknown. There
were no major effects reported. Among the 19 symptomatic cases,
90% (n ¼ 17) received gastrointestinal decontamination and 37%
(n ¼ 7) received intravenous fluids. The median amount ingested
in symptomatic patients was 0.59mg/kg (IQR 0.41–0.80) The
median time to symptom onset was 4.8 hours (IQR 3.28–8.44). In
the 10 symptomatic cases where the "exact" or "max possible"
quantity ingested was known, all patients developed symptoms
within 12hours of exposure. There was no statistically significant
correlation noted in any of the regression models.
Conclusions: According to our 22-year retrospective review,
most pediatric patients unintentionally ingesting amlodipine
reported to our regional poison center experienced no or minor
effects. If the “exact” or “maximum possible” quantity of amlodi-
pine ingested is 5-10mg, it may be reasonable to observe
asymptomatic patients for up to 12hours in a hospital setting
prior to discharge. Further studies involving pediatric amlodipine
exposures are required to confirm these results and solidify
observation recommendations.
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