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PRACTICE GUIDELINE

Dextromethorphan poisoning: An evidence-based consensus
guideline for out-of-hospital management

PETER A. CHYKA, PHARM.D., ANDREW R. ERDMAN, M.D., ANTHONY S. MANOGUERRA, PHARM.D.,

GWENN CHRISTIANSON, M.S.N., LISA L. BOOZE, PHARM.D., LEWIS S. NELSON, M.D., ALAN D. WOOLF, M.D., M.P.H,,
DANIEL J. COBAUGH, PHARM.D., E. MARTIN CARAVATI, M.D., M.P.H., ELIZABETH J. SCHARMAN, PHARM.D., and
WILLIAM G. TROUTMAN, PHARM.D.

American Association of Poison Control Centers, Washington, District of Columbia, USA

The objective of this guideline is to assist poison center personnel in the appropriate out-of-hospital triage and initial out-of-hospital
management of patients with a suspected ingestion of dextromethorphan by 1) describing the process by which an ingestion of
dextromethorphan might be managed, 2) identifying the key decision elements in managing cases of dextromethorphan ingestion,
3) providing clear and practical recommendations that reflect the current state of knowledge, and 4) identifying needs for research. This
guideline applies to the ingestion of dextromethorphan alone. Co-ingestion of additional substances could require different referral and
management recommendations depending on the combined toxicities of the substances. This guideline is based on an assessment of current
scientific and clinical information. The expert consensus panel recognizes that specific patient care decisions might be at variance with this
guideline and are the prerogative of the patient and the health professionals providing care, considering all of the circumstances involved.
This guideline does not substitute for clinical judgment. The grade of recommendation is in parentheses. 1) All patients with suicidal intent,
intentional abuse, or in cases in which a malicious intent is suspected (e.g., child abuse or neglect) should be referred to an emergency
department (Grade D). 2) Patients who exhibit more than mild effects (e.g., infrequent vomiting or somnolence [lightly sedated and
arousable with speaking voice or light touch]) after an acute dextromethorphan ingestion should be referred to an emergency department
(Grade C). 3) Patients who have ingested 5-7.5 mg/kg should receive poison center-initiated follow-up approximately every 2 hours for up
to 4 hours after ingestion. Refer to an emergency department if more than mild symptoms develop (Grade D). 4) Patients who have ingested
more than 7.5 mg/kg should be referred to an emergency department for evaluation (Grade C). 5) If the patient is taking other medications
likely to interact with dextromethorphan and cause serotonin syndrome, such as monoamine oxidase inhibitors or selective serotonin
reuptake inhibitors, poison center-initiated follow-up every 2 hours for 8 hours is recommended (Grade D). 6) Patients who are
asymptomatic and more than 4 hours have elapsed since the time of ingestion can be observed at home (Grade C). 7) Do not induce emesis
(Grade D). 8) Do not use activated charcoal at home. Activated charcoal can be administered to asymptomatic patients who have ingested
overdoses of dextromethorphan within the preceding hour. Its administration, if available, should only be carried out by health professionals
and only if no contraindications are present. Do not delay transportation in order to administer activated charcoal (Grade D). 9) For patients
who have ingested dextromethorphan and are sedated or comatose, naloxone, in the usual doses for treatment of opioid overdose, can be
considered for prehospital administration, particularly if the patient has respiratory depression (Grade C). 10) Use intravenous
benzodiazepines for seizures and benzodiazepines and external cooling measures for hyperthermia (>104°F, >40°C) for serotonin
syndrome. This should be done in consultation with and authorized by EMS medical direction, by a written treatment protocol or policy, or
with direct medical oversight (Grade C). 11) Carefully ascertain by history whether other drugs, such as acetaminophen, were involved in
the incident and assess the risk for toxicity or for a drug interaction.
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Scope of the problem and importance of the guideline

Dextromethorphan was approved by the US Food and Drug
Administration in 1958 as a nonprescription drug to suppress
cough and is now marketed throughout the world. Poisoning
with dextromethorphan can follow the unintentional inges-
tion of a single large dose or it can follow chronic use of
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supratherapeutic doses. Dextromethorphan is also used as a
substance of abuse or a means to attempt suicide. Based on a
report from the Drug Abuse Warning Network of US emer-
gency departments, 12,584 people sought emergency treat-
ment in 2004 for dextromethorphan-related problems,
representing 0.7% of all drug-related visits. The reasons for
the dextromethorphan-related emergency department visits
involved non-medical use (abuse) in 5,581 patients (44.3%),
adverse effects from therapeutic use in 3,810 (30.3%),
attempted suicide in 1,770 (14.1%), and unintentional inges-
tion in 1,423 (11.3%). Patients aged 12-20 years accounted
for nearly one-half (48%) of all the visits resulting from the
abuse of dextromethorphan. For unintentional ingestions,
94% of patients were under 12 years of age (1).

The problem of dextromethorphan abuse and poisoning
has been sporadic since its introduction on the market, but
it appears to be increasing (2,3). According to the Toxic
Exposure Surveillance System (TESS) of the American
Association of Poison Control Centers, the number of
cases involving dextromethorphan abuse or misuse by
teenagers reported to poison centers in the US tripled
between 2000 and 2003 (4). A national survey of 50,000
high school students in 2006 found that 4, 5, and 7% of
8th, 10th, and 12th graders, respectively, claimed dex-
tromethorphan abuse during the previous year (5). Web-
sites developed by organizations such as the Partnership
for a Drug-Free America (www.drugfree.org) strive to
raise awareness of the risks of dextromethorphan abuse.
Alternatively, websites that promote abuse of dex-
tromethorphan have also proliferated (6).

During 1999-2004, US poison control centers managed
15,543 cases of dextromethorphan abuse as a single sub-
stance. In a subset analysis of 1,382 of these cases by the
California Poison Control System, the annual frequency of
cases increased 10-fold over this 6-year period. Adolescents
(9—17 years of age) were involved in 74.5% of cases. The
outcomes were mild in 46%, moderate in 41.8% and severe
in 0.5% of the cases. There were no deaths reported, and the
outcomes were reported as asymptomatic or unknown in
11.6%. A co-ingestant was involved in five of the seven
cases with major effects. In this series, 17 patients claimed
concurrent acetaminophen ingestion, but 26 patients had
confirmed acetaminophen serum concentrations and 16
received acetylcysteine as therapy for acetaminophen poi-
soning (7). During 2000-2005, US poison control centers
managed 28,227 ingestions of dextromethorphan as a single
substance in children under 6 years of age. Of these, 2564
(9.1%) children were evaluated at healthcare facilities and
25,663 (90.9%) were managed elsewhere, typically at
home. Since follow-up after initial contact with the poison
center was not conducted in 18,631 cases (65%), the out-
comes of these cases can not be characterized. The increas-
ing rate of abuse and misuse of dextromethorphan and the
frequent unintentional ingestion of dextromethorphan by
children makes this a substance of concern for poison center
personnel.

Background on dextromethorphan

Dextromethorphan is the d-isomer of levorphanol, an opioid
related to codeine. Its antitussive activity is based on its
action on G-opioid receptors without significant affinity for
the W and & receptors, which are responsible for analgesic and
CNS depressant effects. Dextromethorphan is metabolized in
part by CYP2D6; 85% of Americans are rapid metabolizers
due to genetic polymorphism. Dextrorphan, an active metab-
olite of dextromethorphan, antagonizes the actions of excita-
tory amino acids on N-methyl-d-aspartate (NMDA) receptors
as do phencyclidine and ketamine. This action could account
for the dissociative effects (e.g., dysphoria, hallucinations,
agitation, sedation) experienced by those who abuse large
doses of dextromethorphan. Rapid metabolizers might be
more likely to achieve the dissociative effects at lower doses.
Antagonism of NDMA receptors by dextromethorphan and
metabolites might also be responsible for the adrenergic
effects (e.g., hypertension, tachycardia, diaphoresis) some-
times observed with large doses of dextromethorphan as a
result of inhibition of catecholamine reuptake. Dextromethor-
phan also binds to serotonergic receptors, which could con-
tribute to its abuse potential and risk for serotonin syndrome.
(4,6,8.,9).

There are approximately 140 prescription and nonprescrip-
tion drug products that contain dextromethorphan in combi-
nation with other active ingredients such as acetaminophen,
antihistamines, decongestants, topical anesthetics, guaifene-
sin, promethazine, and ethanol. Several products contain only
dextromethorphan as the active ingredient (Table 1). Typical
amounts of dextromethorphan hydrobromide (HBr) in vari-
ous products include: liquids, 3.3—15 mg/5 mL; tablets and
capsules, 10-30 mg; extended-release tablets, 30—60 mg; loz-
enges, 2.5-7.5 mg; and powders, 20-30 mg. Dextromethor-
phan-containing sprays, rapidly dissolving oral strips, and
solids intended to dissolve in beverages are also available.
Most formulations contain dextromethorphan HBr, but some
combination products contain dextromethorphan tannate,
which is equivalent to 58% of dextromethorphan HBr (multi-
ply the tannate dose by 0.6 for an approximate equivalent
dose of dextromethorphan HBr) (10). The concentration and
dosage for the extended-release oral polistirex suspension are
expressed as dextromethorphan HBr. Dextromethorphan
powder is available through the Internet and by home labora-
tory extraction from pharmaceutical products (3,6,11). Five
deaths in the US have been attributed to dextromethorphan
powder sold over the Internet (12).

Pharmacokinetic studies indicate that the time to achieve
peak serum concentrations (2—3 hours) and serum elimination
half-lives (approximately 3 hours) with a liquid, tablet, or
extended-release suspension of dextromethorphan are simi-
lar. In a study of eight adults given dextromethorphan HBr 60
mg as syrup and tablets, the median (range) times to achieve
peak serum concentrations were 2 (1-2) and 3 (1.5-4) hours,
respectively. The serum half-lives (mean = SD) for the syrup
and tablet formulations were 3.3 £ 0.63 and 2.7 £ 0.77 hours,



Downloaded by [216.133.78.226] at 06:11 14 July 2016

664

P.A. Chyka et al.

Table 1. Recommended therapeutic doses and maximum daily doses of dextromethorphan (86)

Formulation (selected trade names) 2-6 years of age

12 years of age and

6—12 years of age older

Dextromethorphan HBr syrup
(Benylin, Robitussin, Vicks 44

3.5mg every 4 hr or
7.5 mg every 68 hr

Cough Relief, Pertussin CS) (30 mg/day)
Dextromethorphan HBr lozenges 5 mg every 4 hr

(Hold DM, Trocal) (30 mg/day)
Dextromethorphan polistirex 15 mg every 12 hr

extended-release oral suspension (30 mg/day)

(Delsym)

7.5 mg every 4 hr or 30 mg every 68 hr

15 mg every 6-8 hr (120 mg/day)
(60 mg/day)
5-15 mg every 2—6 hr 5-15 mg every 2—4 hr
(60 mg/day) (90 mg day)
30 mg every 2-6 hr 60 mg every 12 hr
(60 mg/day) (120 mg/day)

respectively (13). An extended-release oral polistirex suspen-
sion (Delsym) delivers dextromethorphan from an ion-
exchange complex over a period of 9-12 hours. As reported
in a study of six adults given 60 mg dextromethorphan HBr
equivalent doses of the polistirex suspension, the time to
achieve peak plasma concentrations (3.7 = 0.82 hours) and
elimination half-life (3.02 = 0.83 hours) were not clinically
different from those reported for immediate-release tablets or
syrup (14). The serum half-life could vary if the person is a
fast or slow metabolizer, irrespective of the dosage form.
Following an acute ingestion of a large amount of dex-
tromethorphan, central nervous system effects are prevalent
and include stupor, ataxia, nystagmus, hyperexcitability, dys-
tonia, coma, and toxic psychosis. Some cases have exhibited
respiratory depression, tachycardia, hypertension, and dia-
phoresis (15). The ingestion of large amounts of liquid prepa-
rations of dextromethorphan often causes nausea and
vomiting due to the syrup base or ethanol content (up to 25%
ethanol in some products). Some of the effects attributed to
dextromethorphan might be caused or exacerbated by con-
comitant ingestion of sympathomimetics (e.g., pseudoephe-
drine, phenylephrine), antihistamines (e.g., diphenhydramine,
brompheniramine), or ethanol found in combination prod-
ucts. Cases of long-term dextromethorphan abuse have
exhibited tolerance, dependence, and physical withdrawal
symptoms (e.g., vomiting, night sweats, myalgia, diarrhea,
feeling cold, restlessness) beginning approximately 3 days
after dextromethorphan discontinuation (16).
Dextromethorphan has also been associated with the devel-
opment of the serotonin syndrome, which manifests as auto-
nomic instability, altered mental status, seizures,
extrapyramidal syndrome including muscle rigidity, hyper-
thermia, and, rarely, death. Serotonin syndrome appears to be
due, in large part, to excessive stimulation of the 5-HT,, sub-
type of central nervous system serotonin receptors. Typically,
these cases involve patients who use multiple serotonergic
agents or who take large amounts of a single serotonergic
agent. Drug interactions are also commonly implicated in
serotonin syndrome. Drugs that might interact with dex-
tromethorphan to cause serotonin syndrome include selective
serotonin reuptake inhibitors, tricyclic antidepressants,

monoamine oxidase inhibitors, meperidine, lithium, clon-
azepam, methylenedioxy-methamphetamine  (MDMA,
Ecstasy), and the dietary supplements tryptophan and St.
John’s wort (17).

Dextromethorphan is in FDA pregnancy category C. It is
generally considered to be safe to use during pregnancy in
recommended doses and is commonly used by pregnant
women (18,19).

The effectiveness of dextromethorphan for relief of cough
or cold symptoms has been questioned to the extent that its
use has been discouraged by some organizations (20-23). A
2007 report by the Centers for Disease Control and Preven-
tion described three infants aged 1-6 months whose deaths
were attributed to the use of cough and cold products. Two of
the infants had measurable concentrations of dextromethor-
phan in their sera, but its role in their deaths was not stated.
Based on these cases and other literature, the authors of the
CDC report concluded that “the dosages at which cough and
cold medications can cause illness or death in children aged
under 2 years are not known.” They went on to advise that
“because of the risks for toxicity, absence of dosing recom-
mendations, and limited published evidence of effectiveness
of these medications in children aged under 2 years, parents
and other caregivers should not administer cough and cold
medications to children in this age group without first con-
sulting a health-care provider and should follow the pro-
vider’s instructions precisely.” (24)

Definition of terms

For the purpose of this guideline, two age groups were
defined as either children less than 6 years of age or older
children and adults. The older age group is more likely to
attempt self-harm, engage in dextromethorphan abuse, and to
conceal an ingestion. To be consistent with TESS definitions,
acute ingestions are defined as those occurring over a period
of up to 8 hours and chronic ingestions are those that occur
over a period of more than 8 hours. Acute-on-chronic inges-
tion is an acute ingestion by a patient who has already been
exposed to dextromethorphan for more than 8 hours (25).
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The following definitions for clinical effects are used
throughout the guideline and are adapted from those used
by TESS. Mild adverse or toxic effects are defined as those
not requiring specific treatment or hospital admission and
are generally limited to vomiting and somnolence (lightly
sedated and arousable with speaking voice or light touch).
Moderate effects are defined as those requiring treatment or
admission to a hospital for observation and include vital
sign abnormalities (particularly mild hyperthermia) agita-
tion, lethargy (sedated but arousable with more than speak-
ing voice or with irritating stimuli), movement disorders,
hallucinations and those classified by the reporting article
as “moderate” by TESS criteria, or serious enough to war-
rant discontinuation of medication in clinical trials. Severe
effects are defined as those that appear to have been life-
threatening (e.g., severe hyperthermia or rigidity, coma
[requiring painful stimuli to arouse or unarousable] or seda-
tion requiring intubation, seizures, respiratory depression,
hypotension), or which were classified in the article as
“severe” by TESS criteria. The severity of serotonin syn-
drome can be similarly categorized (17). Assessments of
severity required the medical judgment of the reviewer in
some cases.

Intended users of this guideline

The intended users of this guideline are personnel in US poi-
son control centers. This guideline has been developed for the
conditions prevalent in the US. While the toxicity of dex-
tromethorphan is not expected to vary in a clinically signifi-
cant manner in other nations, the out-of-hospital conditions
could be much different. This guideline should not be extrap-
olated to other settings unless it has been determined that the
conditions assumed in this guideline are present.

Objective of this Guideline

The objective of this guideline is to assist poison center per-
sonnel in the appropriate out-of-hospital triage and out-
of-hospital management of patients with suspected ingestions
of dextromethorphan by 1) describing the process by which
an ingestion of dextromethorphan might be managed, 2)
identifying the key decision elements in managing cases of
dextromethorphan ingestion, 3) providing clear and practical
recommendations that reflect the current state of knowledge,
and 4) identifying needs for research.

This guideline applies to the ingestion of dextromethor-
phan alone. Co-ingestion of additional substances could
require different referral and management recommendations
depending on the combined toxicities of the substances. This
review focuses on the ingestion of more than a single thera-
peutic dose and the effects of overdoses. Although therapeu-
tic doses of dextromethorphan can cause adverse effects in
adults and children, some idiosyncratic and some dose-
dependent, these cases are not considered here.

This guideline is based on an assessment of current scien-
tific and clinical information. The expert consensus panel
recognizes that specific patient care decisions might be at
variance with this guideline and are the prerogative of the
patient and the health professionals providing care, consider-
ing all of the circumstances involved. This guideline does not
substitute for clinical judgment.

Methodology

The methodology used for the preparation of this guideline
was developed after reviewing the key elements of practice
guidelines (26, 27). An expert consensus panel was established
to develop the guideline (Appendix 1). The American Associa-
tion of Poison Control Centers (AAPCC), the American Acad-
emy of Clinical Toxicology (AACT), and the American
College of Medical Toxicology (ACMT) appointed members
of their organizations to serve as panel members. To serve on
the expert consensus panel, an individual had to have an excep-
tional record in clinical care and scientific research in toxicol-
ogy, board certification as a clinical or medical toxicologist,
significant US poison control center experience, and be an
opinion leader with broad esteem. Two specialists in poison
information were included as full panel members to provide
the viewpoint of the end-users of the guideline.

Search strategy

Literature searches for relevant articles were performed by a
single investigator. The National Library of Medicine’s
PubMed database was searched through March 2006 using
dextromethorphan as a MeSH term with the subheadings poi-
soning or toxicity, limited to humans. The PubMed database
was further searched using dextromethorphan as a textword
(title, abstract, MeSH term, CAS registry) plus either poison*
or overdos* or intox* or toxic*, limited to humans. This pro-
cess was repeated in International Pharmaceutical Abstracts
(1970-March 2006, excluding abstracts of meeting presenta-
tions), Science Citation Index (1977-March 2006), Database
of Abstracts of Reviews of Effects (accessed March 2006),
Cochrane Database of Systematic Reviews (accessed March
2006), and Cochrane Central Register of Controlled Trials
(accessed March 2006). Reactions (1980—March 2006), the
dextromethorphan poisoning management in Poisindex, and
the bibliographies of recovered articles were reviewed to
identify previously undiscovered articles. Furthermore,
abstracts from the North American Congress of Clinical Tox-
icology published in the Journal of Toxicology Clinical Toxi-
cology (1995-2004) and Clinical Toxicology (2005) were
reviewed for original human data.

Six major toxicology textbooks were reviewed for recom-
mendations on the management of dextromethorphan poison-
ings and for citations of additional articles with original human
data in the chapter bibliographies. All US poison control centers
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were surveyed in 2006 to ascertain their out-of-hospital man-
agement and triage practices for dextromethorphan poisonings.

Criteria used to identify applicable studies

The recovered citations were entered into an EndNote library
and duplicate entries were eliminated. The abstracts of these
articles were reviewed, searching specifically for those that
dealt with estimations of doses with or without subsequent
signs or symptoms of toxicity and management techniques
that might be suitable for out-of-hospital use (e.g., gas-
trointestinal decontamination). Articles that did not meet
either of the preceding criteria, did not add new data (e.g.,
reviews, editorials), or that exclusively described inpatient-
only procedures (e.g., dialysis) were excluded.

Data extraction process

All articles that were retrieved from the original search were
reviewed by a trained physician abstractor (second author).
The articles were reviewed for original human data regarding
the toxic effects of dextromethorphan or data directly relevant
to the out-of-hospital management of patients with dex-
tromethorphan toxicity or overdose. Relevant data (e.g., dose,
effects, time of onset of effects, therapeutic interventions or
decontamination measures provided, efficacy or results of any
interventions, and overall patient outcome) were compiled into
a table and a brief description of each article was written. This
evidence table is available at http://www.aapcc.org/DiscGuide-
lines/DM%20evidence%20table%202006-8-8.pdf. The table
of all abstracted articles was then forwarded to the panel mem-
bers for review and consideration in developing the guideline.
Attempts were made to locate foreign language articles and
have their crucial information extracted, translated, and tabu-
lated. A written summary of the data was created and distrib-
uted by the abstractor. Copies of all of the abstracted articles
were made available for reading by the panel members on a
secure AAPCC website.

Criteria used to assign levels of evidence

The articles were assigned level-of-evidence scores based on
the Grades of Recommendation table developed by the Centre
for Evidence-Based Medicine at Oxford University (Appendix 2).
Single case reports and case series were classified as level 4.

Guideline writing and review

A guideline draft was prepared by the lead author (listed first).
The draft was submitted to the expert consensus panel for com-
ment. Using a modified Delphi process, comments from the
panel members were collected, anonymously copied into a table
of comments, and submitted to the lead author for response. The
lead author responded to each comment in the table and, when

P.A. Chyka et al.

appropriate, the guideline draft was modified to incorporate
changes suggested by the panel. The revised guideline draft was
again reviewed by the panel and, if there was no strong objection
by any panelist to any of the changes made by the lead author,
the draft was prepared for the external review process. External
review of the second draft was conducted by distributing it elec-
tronically to AAPCC, AACT, and ACMT members and the sec-
ondary review panel. The secondary review panel consisted of
representatives from the federal government, public health,
emergency services, pediatrics, pharmacy practice, and con-
sumer organizations (Appendix 3). Comments were submitted
via a discussion thread on the AAPCC web site or privately
through e-mail communication to AAPCC staff. All submitted
comments were rendered anonymous, copied into a table of
comments, and reviewed by the expert consensus panel and the
lead author. The lead author responded to each comment in the
table and his responses and subsequent changes in the guideline
were reviewed and accepted by the panel.

Estimation of dose

The estimation of dose is based largely on the patient’s his-
tory and the type of product. If precise data for the ingestion
are unknown or unclear (package size, unit size, number of
units ingested), poison centers often utilize a method in
which the maximum potential dose is calculated. For exam-
ple, if the actual dose ingested cannot be ascertained, the
amount of the drug product that is missing from the container
is multiplied by the concentration of the formulation.

When the mg/kg dose or a patient’s weight was not
included in an article, the mg/kg dose was estimated by the
use of growth charts up to 20 years of age (28). The 95th per-
centile weight was used for a particular age and sex. When
the sex of the patient was not stated, the weight for males was
used. This approach errs on the side of estimating a lower
mg/kg dose. Estimated mg/kg doses are italicized throughout
the guideline whenever they are presented.

Time since ingestion

Ascertaining the time since ingestion is useful in evaluating
the potential for toxicity and determining the need for health-
care facility referral and the duration of observation there.
Once the time of peak effect has passed, an asymptomatic
patient with an unintentional ingestion might not require
referral to a healthcare facility solely based on a dose that
exceeded a threshold dose.

Evaluation of evidence

Poison control centers

The expert consensus panel solicited referral and manage-
ment guidelines for dextromethorphan from all US poison
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centers in 2006 and received documents from 12 poison cen-
ters. Five other centers indicated that they did not have writ-
ten guidelines for dextromethorphan poisoning. The
remaining centers did not respond to the request. Of the 11
centers reporting doses for emergency department referral,
nine used 10 mg/kg or more, another used 15 mg/kg or more,
and one used more than 180 mg. All nine centers that
reported doses at which a patient could remain at home listed
less than 10 mg/kg. Three centers that submitted guidelines
limited the application of the dose thresholds to patients less
than 6 years of age. None listed references for the source of
the referral dose. Since all 12 centers submitting guidelines
did not state their practices for all elements examined, the
totals vary.

Review of textbooks

The review of dextromethorphan poisoning in toxicology
textbooks revealed that five provided no information on
referral dose, toxic dose, time of onset, or prehospital care
(29-33). One indicated that symptoms usually occur with
ingestions in excess of 10 mg/kg and that toxicity is highly
variable (34). Naloxone was mentioned by two textbooks as
potentially useful for dextromethorphan toxicity (33,34).
Three books did not address dextromethorphan toxicity
(29,30,31).

Review of poisindex

Poisindex, a computerized toxicology reference used by poi-
son control centers, did not provide specific recommenda-
tions regarding doses at which emergency department referral
is recommended for adolescents or adults. According to Pois-
index, children who ingest less than 10 mg/kg of regular dex-
tromethorphan can be managed at home, but a reference for
this dose was not cited. It also stated “it has been recom-
mended that all children who are symptomatic and have
ingested a long-acting dextromethorphan preparation be
referred to a health care facility for evaluation.” For adults, it
stated that 960 mg per day has been tolerated with minor
adverse effects and the ingestion of 720 mg over 36 hours led
to coma in one case. It went on to state “acute dextromethor-
phan overdosage probably will not result in severe signs and
symptoms of intoxication unless massive amounts have been
ingested” and “long-acting preparations and combination
products may have greater potential for toxicity in children.”
(15) These statements were neither referenced nor qualified
by age or dose.

Review of the literature

Overall, there were few articles specifically addressing either
out-of-hospital or in-hospital management of dextromethor-
phan ingestions. Evidence regarding dose, toxicity, and time
of onset is primarily limited to case reports and case series

(level 4). The literature search did not identify any level 1
article specifically investigating a toxic threshold dose or
time to onset of effects of dextromethorphan.

Dose resulting in toxicity

Acute ingestions in patients less than 6 years of age

There was one article (Ievel 2b) in which single doses of dex-
tromethorphan were prospectively given to patients under 6
years of age and associated with subsequent mild toxicity. Doses
of 7.5-30 mg dextromethorphan syrup (0.35-0.94 mg/kg),
given to 33 children aged 2—17 years with upper respiratory
illnesses resulted in a few reports of mild adverse effects
(6 hyperactivity, 2 nausea or stomachache, 3 insomnia, 1 diz-
ziness, 1 nervousness) (35).

One abstract (level 6) described three children, aged
1 month to 4 years, in whom doses of 5-21 mg/kg (combination
or extended-release products) resulted in one or more symp-
toms (lethargy, coma, nystagmus, mydriasis, ataxia, and dys-
tonia) in all patients ranging from moderate to severe (36).

Another abstract (level 6) described five children aged 2—4
years who ingested unstated doses of extended-release dex-
tromethorphan polistirex suspension. They exhibited one or
more symptoms of urticaria, restlessness, lethargy, nystag-
mus, ataxia, tachycardia, and blood pressure elevation. Two
patients were admitted to an intensive care unit for unstated
reasons. One patient received naloxone 3.6 mg, which
resulted in “incomplete clearing of lethargy.” Severity of
the five cases ranged from mild to severe in the authors’
estimation (37).

There were also seven level 4 articles (Table 2) with indi-
vidual dose and effect information (38—44). In one case, a
3-month-old infant died soon after receiving 0.6—1.2 mL of
Children’s Tylenol Plus Cough and Cold (in 0.8 mL: ace-
taminophen 80 mg, dextromethorphan HBr 2.5 mg, pseu-
doephedrine HCI 7.5 mg); the duration of dosing was unclear
and the exact cause of death was uncertain (41). In another
instance, a 10-month-old was found unresponsive and even-
tually died after being given 10 mL of an unspecified
dextromethorphan-containing cough and cold product for an
unknown duration (38). A 20-month-old boy developed mod-
erate toxicity (mydriasis, blank stare, hypertonia, hypotonia)
after the ingestion of 150 mg (11.5 mg/kg) of an unspecified
dextromethorphan product (39).

Acute ingestions in patients 6 years of age and older

There was one article reviewed (level 2b) in which single
doses of dextromethorphan were prospectively given to
patients older than 6 years of age (range 2—17 years) and
associated with subsequent mild toxicity. This article was
described above (35). There were also three case series (level
4) and one abstract (level 6) of a retrospective case review
(45-48). Since all of these articles reported dextromethorphan
doses and durations, patient ages, and subsequent effects as
ranges or percentages, it was impossible to determine which
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Table 2. Acute dextromethorphan poisonings with dose information in patients less than 6 years of age

Dose (mg) Age (yr) Factors* Outcome: Reported effects Onset (hr)' Ref. (LOE)
A case series of three children, aged 1 month to 4 years, who ingested doses of 5-21 mg/kg and exhibited moderate to 36 (6)
severe symptoms
150 (12 mg/kg) 1.7 NR Moderate: Disorientation, ocular NR 39 (4)
deviation, hypertonia-hypotonia
270 (15 mg/kg) 3 NR Moderate: Lethargy, ataxia, nystagmus NR 40 (4)
315 (18 mg/kg) 3 a,b Moderate: Ataxia, nystagmus NR 42 (4)
360 (30 mg/kg) 1.8 a,b,d Moderate: Lethargy, ataxia, nystagmus 2 43 (4)
540 (38 mg/kg) 2, c Moderate: Dizziness, ataxia, nystagmus, 1 44 (4)

opisthotonus, mydriasis

*Key to factors: a: history of cold symptoms; b: combination antihistamine and/or decongestant product; c: extended-release product; d: other medicines

suspected or involved.

fMaximal time of onset (i.e., symptoms were present on admission but might have begun earlier).

NR = not reported or none reported.
LOE = level of evidence.

doses were associated with a particular effect. In one review
of Coricidin HBP Cough and Cold (per tablet: chlorphe-
niramine maleate 4 mg, dextromethorphan HBr 30 mg) use
by 92 patients, 11-65 years of age, the ingestion of 2—60 tab-
lets (dextromethorphan 60-1800 mg) was associated with
mild to moderate effects (50 tachycardia, 29 hypertension, 40
lethargy, 20 mydriasis, 5 agitation, 20 ataxia or dizziness, 9
vomiting, 16 confusion, 8 elevated temperature, 6 dry mouth,
5 slurred speech, 3 hallucinations) (46). A retrospective
review of 78 patients at least 8 years of age (77% between 13
and 17 years of age) with abuse of 463 tablets of several
types of Coricidin (dextromethorphan in combination)
reported mild to moderate effects as documented by one poi-
son center (45). A self-reporting survey of 53 adults with his-
tories of dextromethorphan abuse in doses of 70-2700 mg
(products not specified) taken in 1-200 episodes reported that
51 associated their use with mild-moderate adverse effects,
but nearly all claimed abuse of other substances (48). An
abstract of a review of poison center records of 44 patients
aged 13-21 years who acutely abused 6-23 tablets of dex-
tromethorphan (various products of dextromethorphan alone
or in combination) reported mild to moderate toxicity (47).
There were several level 4 or 6 articles (Table 3) with
detailed individual case information on acute dextromethor-
phan toxicity but all cases involved a co-ingestant or inten-
tional dextromethorphan abuse. Specifically, there were 12
separate cases reported in eight articles (4,49-55). Among
them, the lowest dextromethorphan dose reported to result in
adverse effects was 80 mg in an 8-year-old boy (2.2 mg/kg)
as a liquid combination product that also contained carbinox-
amine maleate 40 mg and pseudoephedrine hydrochloride
500 mg. The product was ingested over 4 hours, which
resulted in moderate toxicity (hallucinations, mydriasis,
tachycardia, elevated temperature, decreased bowel sounds,
warm dry skin, tongue and jaw dyskinesia). The authors sug-
gested that any one or all of the three drugs could have been
responsible his signs and symptoms. His symptoms responded

to a benzodiazepine (53). The lowest dose of a solid dosage
form associated with toxicity in a case report was 480 mg
(7.7 mg/kg) ingested by a 12-year-old girl who exhibited
moderate toxicity (4). The lowest dose of dextromethorphan
resulting in severe toxicity (seizures, mydriasis, nystagmus,
cyanosis, apnea) was 600 mg (300 mg in the evening and
300 mg in the morning, total = 9.7 mg/kg) that was ingested
by a 15-year-old boy with a history of regular dextromethor-
phan abuse (50). The reported doses of dextromethorphan
HBr associated with moderate toxicity ranged from 80 mg
(2.2 mg/kg) to 600 mg (7.7 mg/kg) and those with severe or
fatal toxicity ranged from 600 mg (9.7 mg/kg) to 3000 mg
(37 mg/kg) as described in Table 3.

Acute-on-chronic ingestions

There were no papers that expressly examined the issue of
acute-on-chronic poisonings with dextromethorphan. In
many of the adult case reports of chronic ingestion, patients
ingested repetitive acute doses daily over periods of days to
years, but these cases were generally categorized as chronic
exposures.

Chronic ingestions in patients less than 6 years of age

There were no articles reviewed in which multiple doses of
dextromethorphan were prospectively given to patients under
6 years of age and associated with subsequent toxicity.

There were seven level 4 or 6 reports with detailed individ-
ual case information on chronic dextromethorphan toxicity
(36,38,41,56-59). A 20-month-old boy was found dead
6 hours after allegedly receiving dextromethorphan 6 mg in an
unspecified liquid formulation over a period of 13 hours (56).
The fact that the boy’s dextromethorphan serum concentra-
tion was nearly 100 times greater than that associated with
therapeutic doses raises questions about the dose ingested.
This case was not included in subsequent considerations of
toxic doses. A 5-month-old boy developed moderate effects
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Table 3. Acute dextromethorphan poisonings with dose information in patients 6 years of age and older

Dose (mg) Age (yr) Factors* Outcome: Reported effects Onset (hr)’  Ref. (LOE)

80 mg (2.2 mg/kg) 8 b Moderate: Hallucinations, mydriasis, tachycardia, elevated <3 53 (4)
temperature, decreased bowel sounds, warm dry skin,
tongue and jaw dyskinesia

360 (4 mgrkg) 17 (2 cases) b,c,d,e Moderate: Hallucinations, altered mental status, tachycardia, 1.5 54 (6)
hypertension, hyperthermia, agitation

480 (7.7 mg/lkg) 12 a,b Moderate: Vomiting, inappropriate laughter, agitated, 0.5 44)
mydriasis, dry oral mucosa, nystagmus, facial flushing,
tachycardia

480 (7.7 mg/kg) 12 a,b Moderate: Vomiting, confusion, nystagmus, tachycardia, NR 44
hypertension

500 (5.4 mg/kg) 18 b, c Moderate: Psychosis, hypertension, mydriasis, agitation NR 49 (4)

600 (7.7 mg/kg) 16 b,d Moderate: Somnolence, confusion, tachycardia, hypertension, NR 52 (4)
mydriasis, nystagmus, hypoactive bowel sounds

600 (9.7 mg/kg) 15 b,c,d  Severe: Convulsions, mydriasis, nystagmus, cyanosis, apnea NR 44

720 (7.8 mg/kg) 18 (2 cases) b,c,d,f Severe: Convulsions, hallucinations, altered mental status, 1.5 54 (6)
tachycardia, hypertension, hyperthermia, agitation

1000 (10.4 mg/kg) 20 f Severe: Obtundation, hypotension, shallow respirations, NR 51 (6)
mydriasis, dry, red skin; later hypertension, agitation, tremor

3000 (37 mgrkg) 18 Unknown Death: Found dead with empty bottles of dextromethorphan NR 554)

tablets; postmortem blood contained dextromethorphan

*Key to factors: a: history of dextromethorphan abuse; b: combination antihistamine and/or decongestant product; c: substance of abuse involved or sus-
pected; d: other medicines suspected or involved; e: herbal drink adulterated with dextromethorphan; f: powdered form from illicit production.
tMaximal time of onset (i.e., symptoms were present on admission but might have begun earlier).

NR = not reported or none reported.
LOE = level of evidence.

(irritability, ashen appearance, dehydration, fever, tachycar-
dia, tachypnea, bizarre behavior, muscle movement disorder,
mydriasis) after being given a total dose of dextromethorphan
of 67.5 mg (13.4 mg/kg) in a combination liquid product during
3 days with other drugs for the treatment of otitis media (58).

Chronic ingestions in patients 6 years of age and older

There were two level 1b articles in which multiple doses of
dextromethorphan were prospectively given to patients 6
years of age and older and associated with subsequent
toxicity (60,61). In a prospective controlled trial in 121 adult
volunteers, dextromethorphan 60 mg/day in two divided
doses for 7 days (formulation not specified) was associated
with mild adverse effects in 74% of subjects (nausea, vomit-
ing and abdominal pain in one person caused withdrawal
from study; others reported headache, loose stools, light-
headedness, dizziness, nausea) (60). In the second trial, 15
adult patients on methadone maintenance were given dex-
tromethorphan 120-480 mg daily for 12 days and some
patients reported mild effects (61).

A retrospective self-reporting survey of 53 adults with a
history of dextromethorphan abuse (level 4) was described
above (48). There were 16 level 4 articles with detailed
individual case information on chronic ingestions of dex-
tromethorphan (e.g., case reports, case series) (16,50,52,62—74).
All but one article (67) described cases that involved

co-ingestants or intentional dextromethorphan abuse. In one
case, an 8-year-old boy developed moderate toxicity (head
deviation, generalized muscle stiffness) after receiving a
combination syrup containing dextromethorphan 10 mg per
dose every 6 hours for 3 days and after discontinuing dextro-
amphetamine therapy shortly before (65). A 29-year-old man
with suspected underlying bipolar disorder developed mania
after ingesting 60 mg dextromethorphan in a combination
product (69). In another case, a 54-year-old man developed
symptoms of moderate toxicity (psychosis, paranoia, halluci-
nations) after ingesting dextromethorphan 240 mg in a com-
bination product over 24 hours (72). A 15-year-old boy
developed hepatotoxicity and moderate effects 1 day after
ingesting 360 mL of NyQuil Liquid (per 15 mL: acetami-
nophen 500 mg, dextromethorphan HBr 15 mg, doxylamine
succinate 6.25 mg, and 25% ethanol) over 12 hours (63). He
was treated with acetylcysteine and recovered. A 30-year-old
man snorted approximately 250 mg of dextromethorphan
HBr as a powder 2—-3 times daily for 2—3 months thinking it
was amphetamine. After snorting the powder, he felt “high”
and developed restlessness, followed by feelings of depres-
sion, fatigue, dizziness, and nausea (64). A 41-year-old
woman with a history of asthma developed moderate effects
(dyspnea, cough, lethargy, hypertension, tachycardia, tac-
hypnea, shallow respirations, wheezing, miosis, atelectasis)
after ingesting dextromethorphan 720 mg as a liquid over
36 hours (71).
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Since most products contain dextromethorphan HBr, con-
cern has been raised about whether they could produce bro-
mide toxicity with overdosage or chronic use and whether
bromide might account for some symptoms attributed to
dextromethorphan. No cases of documented bromide poi-
soning following acute or chronic dextromethorphan HBr
ingestion were located in the literature search for this guide-
line. In one case, the serum chloride concentration was
falsely elevated and the anion gap decreased due to bromide
interfering with the assay following chronic ingestion of
dextromethorphan HBr, but bromide toxicity was not evi-
dent (75). In another case, similar lab interference occurred
following the chronic use of cough and cold medications
containing dextromethorphan HBr and a nonprescription
drug adulterated with bromvalerylurea, which contains bro-
mine. This patient exhibited lethargy, fever and acneiform
eruptions on her face (76).

Serotonin syndrome

Serotonin syndrome has been associated with drug interac-
tions of dextromethorphan and agents that affect serotonin.
Nonselective monoamine oxidase inhibitors, such as
phenelzine (77), isocarboxazid (78), or drugs with such activ-
ity, such as the antibiotic linezolid (79), have produced sero-
tonin syndrome when dextromethorphan was taken in
therapeutic doses for suppression of cough. The selective
serotonin reuptake inhibitors fluoxetine (80) and paroxetine
(81) have been associated with serotonin syndrome following
interactions with dextromethorphan. These case reports have
led to the generalized warning about drug interactions with
dextromethorphan and any drugs in the classes of nonselec-
tive monoamine oxidase inhibitors, selective serotonin
reuptake inhibitors, and drugs known to produce serotonin
syndrome (17).

Onset of effects

The expert consensus panel members considered the time to
onset of toxicity after acute dextromethorphan ingestion valu-
able in making decisions about out-of-hospital management.
All articles with toxicity information were searched for esti-
mates of times of onset; however, the majority of articles
reported times of hospital presentation rather than times of
symptom development. In such cases, it was only possible to
establish an upper limit for the time to the onset of effect.
Care should be taken to distinguish time to onset of initial
effects from time to onset of serious or major effects, the time
to onset of peak effects, or the time to onset of subsequent
deterioration or complications.

Only a few of the reviewed articles reported time inter-
vals specific for the onset of effect after ingestion. In these
cases, onsets ranged from 30 to 120 minutes (4,43,54). A
few others reported times to arrival at a hospital (2}2—18
hours) or time to when the patient was found symptomatic
(62—12 hours). In such cases, it was only possible to
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establish a potential upper limit for time-to-effect onset
rather than an actual time of onset (11,41,44,56). In the
only case involving the extended-release suspension, a 2%5-
year-old child ingested 540 mg (38 mg/kg) of dextrometho-
rphan, and developed moderate toxicity (dizziness, ataxia,
nystagmus, opisthotonus, mydriasis) that began approxi-
mately 1 hour after ingestion (44). There were no cases of
delayed onset of effects reported in the reviewed literature.
Pharmacokinetic studies indicate that the times to achieve
peak serum concentrations for dextromethorphan liquid,
tablet, or extended-release suspension are essentially the
same with the peaks observed at 2—3 hours after ingestion
(13,14).

The onset of serotonin syndrome is generally within hours
of ingestion with an escalating severity of clinical abnormali-
ties. The onset and progression of clinical toxicity is gener-
ally gradual and typically 60% of patients present within 6
hours after starting a medication, overdosing or changing a
dose. Its onset can be abrupt after a large overdose or with
certain drug interactions (17).

Decontamination measures

There were no controlled studies examining the efficacy of
decontamination measures at reducing dextromethorphan
absorption. There were no cases in which the use of ipecac
syrup was reported. The potentially quick onset of sedation
and movement disorders following dextromethorphan over-
dose, the risk of aspirating ipecac-induced vomitus, and lack
of proven benefit argue against its use (82). A number of
uncontrolled case series and case reports reported the use of
activated charcoal in individual patients, but it was impossi-
ble to determine its efficacy given the lack of controls, the
concurrent use of other therapies, and the fact that decontam-
ination procedures do not generally produce immediate clini-
cal improvement. Although the literature search did not
reveal any evidence that activated charcoal adsorbs dex-
tromethorphan, given the non-specific adsorption of most
drugs by activated charcoal (83), single-dose activated char-
coal would be expected to be efficacious for dextromethor-
phan. Activated charcoal was used in several cases of
dextromethorphan ingestion without apparent adverse
effects, but its efficacy could not be evaluated in these case
reports (40,44,50,52,74,84).

Treatment measures

There were no controlled studies examining the use of spe-
cific treatments or antidotes for dextromethorphan. A number
of uncontrolled case series and case reports reported the use
of various treatment measures in individual patients, but it
was difficult in most cases to determine their potential effi-
cacy given the lack of controls, the concurrent use of other
therapies, and the potential for clinical improvement with the
passage of time.
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Naloxone

There were several reports of patients improving significantly
after naloxone administration (36,40,42,43,71). Although
uncontrolled, some of these cases appeared convincing given
the temporal relationship to naloxone administration and the
rapidity and degree of clinical improvement in coma (36),
lethargy (40,71), hyperexcitability (42), and ataxia (43).
Naloxone produced no significant temporally-related clinical
improvement in: a case with opisthotonus, nystagmus, and
blank stare (44); a case with agitation, hallucinations, leth-
argy, hypertension, hypertonia, diaphoresis, and nystagmus
(74); a case with disorientation, ocular deviation, hypertonia-
hypotonia (39); and a case of lethargy (37). The effect of
naloxone on NMDA receptor antagonism by dextromethor-
phan is unclear and its use might not affect symptoms related
to NMDA antagonism such as dysphoria and hallucinations.

Other

There were two case reports of children with dystonia who
improved after diphenhydramine administration (44,65). The
use of antipsychotics or benzodiazepines was reported in
cases of dextromethorphan toxicity with subsequent clinical
improvement in some (46,49,51,53,58,72,84,85).

The use of various general supportive measures was
reported by a number of authors, and many of these might
have contributed to successful outcomes (e.g., airway protec-
tive measures, [V fluids, thiamine). However it was difficult
to assess their efficacy from the information provided.

A number of more specific treatment measures were also
reportedly used in cases of dextromethorphan toxicity (e.g.,
anticonvulsants, antidepressants, barbiturates, diuretics, ste-
roids, theophylline). However, in such instances, the mea-
sures were either ineffective, a clear treatment-related
temporal improvement could not be established from the
information provided, or they would not be expected to be
available in an out-of-hospital setting.

Limitations of the literature

The literature on dextromethorphan poisoning generally
exhibited a number of limitations: 1) much of the data was
determined by retrospective studies and case reports and
based on estimates of dose provided by patients or family
members, which raise questions about the accuracy of the
dose estimate; 2) the dose-effect information was con-
founded, in most cases, by the presence of co-ingestants, dif-
ferences in treatment measures provided, the effects of drug
withdrawal, chronic substance abuse, and concurrent medical
conditions (e.g., cold symptoms, upper respiratory infection)
that could have altered the clinical presentation or outcome;
3) product formulations of dextromethorphan alone and in
combination might have changed over time and many authors
failed to report all ingredients and strengths that were
involved in their reported cases; 4) in case series, many of the
patients remained asymptomatic and product formulations,

ingestion doses, and frequency and severity of effects were
typically reported as ranges of values, percentages, or means,
so individual doses resulting in specific effects could not be
determined; and 5) among the few prospective trials avail-
able, dextromethorphan was administered in therapeutic
doses, which would be expected to be much smaller than
doses likely to be seen in an overdose or poisoning.

The level of clinical detail presented in the case reports and
abstracts varied widely. In most, the dextromethorphan inges-
tion was not independently verified or confirmed by labora-
tory testing nor could the influence of co-ingestants be
adequately evaluated. There were no reports of adults without
a co-ingestant or not associated with intentional abuse. The
unclear time interval from ingestion to onset of toxicity is
confounded by a lack of a definition for consequential toxic-
ity. For example, after a dextromethorphan overdose the
development of drowsiness in a child could indicate the onset
of toxicity or could represent the approach of nap time.

Conclusions

Key decision points for triage

The expert consensus panel chose to emphasize the impor-
tance of information that would be needed in order to make a
sound triage decision for a patient with a known dextrometho-
rphan poisoning. These variables include the patient’s intent,
dose and formulation of the product, the presence of symp-
toms, and the time since ingestion. The expert consensus
panel agreed that in each case, the judgment of the specialist
in poison information, the poison center medical director, or
other poison center-affiliated clinicians might override any
specific recommendation from this guideline.

Patient intent

The panel concluded that all patients with suicidal intent,
substance abuse, or in whom a malicious intent (e.g., child
abuse or neglect) was suspected should be expeditiously
transported to an emergency department, regardless of the
dose ingested. Patients without these characteristics (e.g.,
adults with definite unintentional ingestion or children less
than 6 years of age in whom abuse is not suspected) are can-
didates for consideration of out-of-hospital management of
their ingestion.

Dose and formulation

The expert consensus panel concluded that home observation
is suitable for both adult and children who are asymptomatic,
have acute unintentional ingestions of up to 7.5 mg/kg dex-
tromethorphan HBr, and have not ingested any other poten-
tially toxic substances. This is based on very limited case
report data and consideration that currently most poison cen-
ters likely observe the 10 mg/kg threshold as published in
Poisindex (15). The panel selected this referral dose based on
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cases in the literature reporting moderate symptoms beginning
at amounts of 2.2 mg/kg (53) ranging from 2.2 to 7.7 mg/kg
(4,49,52-54); whereas, severe symptoms were associated
with doses as low as 7.8 mg/kg (54). Most of these cases
involved other drugs, so the sole contribution to symptoms
from dextromethorphan can not be determined. Since 65% of
poison center cases of dextromethorphan ingestion do not
receive follow-up after the initial call, the panel recommends
that patients who have ingested 5-7.5 mg/kg of dextrometho-
rphan should receive poison center-initiated follow-up
approximately every 2 hours for up to 4 hours after ingestion.
Patients should be referred to an emergency department if
more than mild symptoms develop. This recommended
follow-up procedure is intended to identify potential symp-
tomatic cases whether the symptoms are due to dextrometh-
orphan or other ingredients found in many cough and cold
products. The 7.5 mg/kg threshold for dextromethorphan pro-
posed in this guideline is more conservative than the 10 mg/kg
dose reported by several poison centers, but the basis for the
10 mg/kg dose is not stated in any of the poison centers’
guidelines, textbooks (34), or Poisindex (15). Until more
information is available, the 7.5 mg/kg dose for emergency
department referral accounts for the severe poisoning experi-
ences reported in the literature as summarized in this guide-
line. There appears to be no difference in the toxicities of
different formulations of dextromethorphan (immediate- vs.
extended-release and solid vs. liquid) based on the sparse lit-
erature available.

Presence of symptoms

A number of articles reported adverse effects occurring with
therapeutic dextromethorphan doses, mostly mild in nature.
The expert consensus panel concluded that patients with mild
complaints, such as infrequent vomiting or somnolence
(lightly sedated and arousable with speaking voice or light
touch), could remain at home with poison center follow-up.
Symptoms beyond these mild complaints would warrant
medical evaluation in an emergency department.

There is no adequate support from the literature on which
to base triage decisions for the development of the serotonin
syndrome. Since many consider the serotonin syndrome to be
more likely to develop in patients on multiple serotonergic
drugs, it seems prudent to closely observe for symptoms any
patient who ingests dextromethorphan while taking another
serotonergic agent (e.g., tricyclic antidepressant, selective
serotonin reuptake inhibitor, monoamine oxidase inhibitor,
lithium).

Time of onset of toxicity after overdose

In the majority of reported cases, patients were symptomatic
within 4 hours of ingestion. The time to achieve peak serum
concentrations with therapeutic doses of dextromethorphan is
approximately 2—3 hours. Therefore, the panel concluded that
an asymptomatic patient who unintentionally ingested a dex-
tromethorphan product is unlikely to develop symptoms if

P.A. Chyka et al.

the interval between the ingestion and contact with the poison
center is longer than 4 hours. It is unlikely that these patients
will become symptomatic after this time unless toxicity
develops from co-ingestants like acetaminophen. Consider-
ation should be given to the time of day that home observa-
tion will take place, since observation during normal sleep
hours might not be practical or reliable. Serotonin syndrome
from a drug interaction with dextromethorphan typically
becomes evident within 6 hours. Periodic poison center-initi-
ated follow-up every 2 hours for 8 hours is recommended by
the consensus panel when a patient is taking other medica-
tions likely to interact with dextromethorphan and cause sero-
tonin syndrome, such as monoamine oxidase inhibitors or
selective serotonin reuptake inhibitors.

Potential out-of-hospital management

The expert consensus panel concluded that there is no role for
ipecac syrup or any means to induce emesis in the treatment
of patients who have ingested dextromethorphan due to the
potential for rapid onset of sedation that could lead to pulmo-
nary aspiration of vomitus. Use of ipecac syrup is not sup-
ported by sufficient evidence of benefit to warrant its use.

The panel concluded that activated charcoal could be admin-
istered as part of the management of a dextromethorphan-
poisoned patient despite the lack of specific data to support
its use. Since dextromethorphan can produce sedation and
emesis and there are no data to suggest a specific clinical
benefit of activated charcoal, the routine out-of-hospital use
of activated charcoal in patients with unintentional dex-
tromethorphan ingestion cannot be recommended at this
time. It might be considered for out-of-hospital use in some
regions in which prehospital activated charcoal is com-
monly administered by emergency medical personnel and
when a long transportation time to an emergency depart-
ment is anticipated. Transportation to an emergency depart-
ment should not be delayed in order to attempt activated
charcoal administration.

The benefit of naloxone in the treatment of dextromethor-
phan poisoning is unclear. There are case reports in which it
appeared that the patients responded to the drug and also case
reports in which no response was apparent. Since naloxone
has a low risk of adverse effects, the expert consensus panel
concluded that the use of naloxone could be considered in
patients who are comatose, particularly those with respiratory
depression. The doses used in the case reports are the same
doses commonly used to reverse opiate effects (adults and
children >20 kg: 0.4-2 mg IV, repeated every 2-3 minutes
until response is achieved; children <20 kg: 0.01 mg/kg
repeated every 2—3 minutes until response is achieved). As
with any overdose situation in which naloxone is used, con-
sideration must be given to the potential for precipitation of
withdrawal symptoms in patients addicted to opiates. In these
cases, the starting dose should be lower (e.g., 0.05 mg for
adults and children).
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The expert consensus panel concluded that close monitor-
ing of vital signs as well as respiratory, cardiovascular, and
neurological status of patients with possible severe dex-
tromethorphan poisoning is of critical importance. Support-
ive and symptomatic care should be provided as required.
This is particularly important when dextromethorphan is one
of several drugs in a combination cough and cold pharmaceu-
tical product or is contained in an illicit drug product.

Combination products

Many of the cases reviewed for this guideline involved com-
bination cough and cold products in which dextromethorphan
was included with other drugs such as decongestants, antihis-
tamines, and acetaminophen. The panel concluded that it is of
critical importance to carefully ascertain whether other drugs,
besides dextromethorphan, were involved in the ingestion
and assess the risk for toxicity.

Recommendations

1. All patients with suicidal intent, intentional abuse, or in
cases in which a malicious intent is suspected (e.g., child
abuse or neglect) should be referred to an emergency
department (Grade D).

2. Patients who exhibit more than mild effects (e.g., infre-
quent vomiting or somnolence [lightly sedated and arous-
able with speaking voice or light touch]) after an acute
dextromethorphan ingestion should be referred to an emer-
gency department (Grade C).

3. Patients who have ingested 5-7.5 mg/kg should receive
poison center-initiated follow-up approximately every 2
hours for up to 4 hours after ingestion. Refer to an emer-
gency department if more than mild symptoms develop
(Grade D).

4. Patients who have ingested more than 7.5 mg/kg should be
referred to an emergency department for evaluation
(Grade C).

5. If the patient is taking other medications likely to interact
with dextromethorphan and cause serotonin syndrome,
such as monoamine oxidase inhibitors or selective seroto-
nin reuptake inhibitors, poison center-initiated follow-up
every 2 hours for 8 hours is recommended (Grade D).

6. Patients who are asymptomatic and more than 4 hours
have elapsed since the time of ingestion, can be observed
at home (Grade C).

7. Do not induce emesis (Grade D).

8. Do not use activated charcoal at home. Activated charcoal
can be administered to asymptomatic patients who have
ingested overdoses of dextromethorphan within the pre-
ceding hour. Its administration, if available, should only
be carried out by health professionals and only if no con-
traindications are present. Do not delay transportation in
order to administer activated charcoal (Grade D).

9. For patients who have ingested dextromethorphan and are
sedated or comatose, naloxone, in the usual doses for
treatment of opioid overdose, can be considered for
prehospital administration, particularly if the patient has
respiratory depression (Grade C).

10. Use intravenous benzodiazepines for seizures and benzo-
diazepines and external cooling measures for hyperther-
mia (>104°F, >40°C) from serotonin syndrome. This
should be done in consultation with and authorized by
EMS medical direction, by a written treatment protocol
or policy, or with direct medical oversight (Grade C).

11. Carefully ascertain by history whether other drugs, such as
acetaminophen, were involved in the incident and assess
the risk for toxicity or for a drug interaction (Grade D).

These recommendations are summarized in Appendix 4.

Implications for research

The panel identified the following topics where additional
research is needed or analysis of existing databases might be
useful.

1. Additional detailed reports are needed to more precisely
establish the threshold dose for emergency department refer-
ral for the unintentional ingestion of dextromethorphan.

2. The influence of other co-ingestants typically found in
dextromethorphan-containing combination products on
the development of toxicity needs to be determined.

3. The safety and efficacy of activated charcoal in the man-
agement of dextromethorphan poisoning need evaluation.

4. The risks and benefits of naloxone in the management of
dextromethorphan poisoning need clarification.

5. The predisposing causes and risk groups for the develop-
ment of the serotonin syndrome need further study.

6. The risk of bromism from acute or chronic use of dex-
tromethorphan HBr needs assessment.
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Appendix 2

Grades of recommendation and levels of evidenc

Grade of Level of

recommendation evidence Description of study design

A la Systematic review (with
homogeneity) of randomized
clinical trials

1b Individual randomized clinical trials

(with narrow confidence interval)
lc All or none (all patients died before the
drug became available, but some
now survive on it; or when some
patients died before the drug became
available, but none now die on it.)

Systematic review (with
homogeneity) of cohort studies

2b Individual cohort study (including low

quality randomized clinical trial)

2c “Outcomes” research
3a Systemic review (with homogeneity)
of case-control studies
3b Individual case-control study
C 4 Case series, single case reports (and

poor quality cohort and case
control studies)

D 5 Expert opinion without explicit
critical appraisal or based on
physiology or bench research

Z 6 Abstracts

Appendix 3

Secondary Review Panel Organizations

Ambulatory Pediatric Association

American Academy of Breastfeeding Medicine

American Academy of Emergency Medicine

American Academy of Pediatrics

American Association for Health Education

American College of Clinical Pharmacy

American College of Emergency Physicians

American College of Occupational and Environmental Medicine

American Pharmacists Association

American Public Health Association

American Society of Health-System Pharmacists

Association of Maternal and Child Health Programs

Association of Occupational and Environmental Clinics

Association of State and Territorial Health Officials

Canadian Association of Poison Control Centres

Centers for Disease Control and Prevention — National Center
for Injury Prevention and Control

Consumer Federation of America

Consumer Product Safety Commission

Department of Transportation

Emergency Medical Services for Children
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Emergency Nurses Association

Environmental Protection Agency

Food and Drug Administration

National Association of Children’s Hospitals and Related
Institutions

National Association of Emergency Medical Services Physicians

National Association of Emergency Medical Technicians

Appendix 4

National Association of School Nurses

National Association of State Emergency Medical Services
Directors

National Safe Kids Campaign

Teratology Society

World Health Organization International Programme on
Chemical Safety

Triage Algorithm for Acute Dextromethorphan HBr Poisoning

Is suicidal intent, substance abuse, self-harm, or malicious
administration by another person suspected?

No !

Is the situation of concern (e.g., patient lives alone or the
family/caregiver seems unreliable)?

No !

Is the patient exhibiting more than mild effects (e.g., more
than infrequent vomiting or somnolence [lightly sedated and
arousable with speaking voice or light touch])?

No !

Does the product contain other active ingredients, such as
acetaminophen, or are multiple substances are involved?

NOJ

Have more than 4 hours elapsed since the time of ingestion?

NOJ

Is the patient taking other medications likely to interact with
dextromethorphan and cause serotonin syndrome, e.g.,
monoamine oxidase inhibitors or selective serotonin
reuptake inhibitors?

No !

Has the patient ingested more than 7.5 mg/kg?*

No !l

Has the patient ingested 5-7.5 mg/kg?*

No !

Observe at home. Instruct caller to call poison center back if
symptoms appear. Consider periodic poison center-initiated
follow-up during the first 4 hours after ingestion. Refer to an
emergency department if more than mild symptoms
develop.

YES — Refer to emergency department.

YES — Refer to emergency department.

YES — Refer to emergency department.

YES — Assess potential risk for each drug, check for drug
interactions; then monitor for symptoms or refer for medical attention
accordingly. Follow subsequent steps of algorithm if applicable.

YES — Observe at home. Toxicity is unlikely.

YES — Provide poison center-initiated follow-up approximately
every 2 hours for 8 hours after ingestion. Follow subsequent steps
of algorithm if applicable.

YES — Refer to emergency department.

YES — Provide poison center-initiated follow-up approximately
every 2 hours for up to 4 hours after ingestion. Refer to an emergency
department if more than mild symptoms develop.

*For dextromethorphan tannate, multiply the dextromethorphan tannate dose by 0.6 to estimate an equivalent dose of dextromethorphan HBTr.



