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Loperamide is a nonprescription opioid widely used for the treatment of diarrhea. Although it is relatively safe at therapeutic
doses, increasing reports describe its misuse and abuse at very high doses either for euphoric effects or to attenuate
symptoms of opioid withdrawal. Life-threatening loperamide toxicity can result from the relatively new clinical syndrome of
loperamide-induced cardiac toxicity. These patients are often young and may present in cardiac arrest or with unheralded,
recurrent syncope in conjunction with ECG abnormalities, including marked QT-interval prolongation, QRS-interval widening,
and ventricular dysrhythmias. Features of conventional opioid toxicity may also be present. The mainstays of treatment
include advanced cardiac life support and supportive care, although selected patients may be candidates for overdrive
pacing, intravenous lipid emulsion, or extracorporeal membrane oxygenation. In patients who survive loperamide
toxicity, consideration should be given to the treatment of an underlying opioid use disorder, if present. [Ann Emerg Med.
2017;-:1-8.]
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INTRODUCTION
Loperamide is a widely used nonprescription
antidiarrheal medication. When ﬁrst introduced in 1977, it
was placed in schedule V of the US Controlled Substances
Act because of concerns of abuse related to its opioid
properties.1-3 Subsequent volunteer studies documented
low risk of physical dependence and abuse with the drug,4,5
and by 1982 it was available without a prescription.1,6
Although loperamide is relatively safe at therapeutic doses,
there have been recent and increasing reports of toxicity,
many of them fatal, resulting from high-dose loperamide
ingestion either for its euphoric effects or for the
amelioration of opioid withdrawal symptoms.7 This review
outlines loperamide’s pharmacology, toxicity, and clinical
presentation and offers suggestions for management.
PHARMACOLOGY AND TOXICOLOGY
Like meperidine, loperamide is a phenylpiperidine
opioid.8 It slows intestinal transit time by stimulating
m-opioid receptors in the myenteric plexus,8,9 possesses
antisecretory properties,10 and also blocks intestinal
calcium channels.11 The drug has a wide margin of safety,
largely owing to its extremely low bioavailability (0.3%).12
It is predominantly metabolized by intestinal and hepatic
cytochrome P450 (CYP) 3A4 and CYP2C8 to inactive
metabolites.13 Any absorbed loperamide and its metabolites
undergo biliary excretion,12,14 with only 1% of an absorbed
dose excreted unchanged in the urine.8 Loperamide is
lipophilic (log P of 4.77)15 and is highly protein bound
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(97%).3,14 At therapeutic doses, the elimination half-life of
absorbed loperamide is approximately 11 hours,8,16
although one report suggests much slower elimination after
overdose, with a reported half-life of 34.8 hours.17
However, this may not be accurate, given the potential
saturation of loperamide elimination at high
concentrations.
The pharmacokinetics of loperamide are heavily
inﬂuenced by the multidrug efﬂux pump P-glycoprotein
(P-gp). Expressed in the small intestinal epithelium, bile
canaliculi, proximal tubule, and blood-brain barrier, this
active transporter opposes the absorption of loperamide
from the intestinal lumen, facilitates its transport into bile,
and limits passage of circulating loperamide into the
brain.14,18 Individuals with genetic polymorphisms
resulting in reduced P-gp activity have plasma loperamide
concentrations approximately 50% higher than wild-type
individuals.19 In knock-out mice with no functional P-gp,
radiolabeled loperamide brain concentrations are 13.5-fold
higher than observed in wild-type mice, and the lethal dose
is far lower.20
Drug interactions with loperamide are well described.
Coadministration of loperamide with inhibitors of
CYP2C8 (eg, gemﬁbrozil21), CYP3A4 and P-gp (eg,
ritonavir,22 itraconazole21), or P-gp alone (eg,
quinidine,23,24 experimental selective P-gp inhibitors24,25)
increases loperamide plasma concentrations up to 4-fold22-25
and prolongs its elimination half-life to approximately 36.9
hours.21 Central opioid effects can occur as a result. In one
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study, subjects given quinidine with loperamide developed
impaired respiratory response to carbon dioxide
rebreathing,23 whereas another noted decreased pupil size.24
However, studies in which loperamide was administered
with P-gp inhibitors demonstrate that central nervous system
effects do not consistently accompany increases in plasma
loperamide concentrations, perhaps because the dose
required to inhibit brain P-gp is higher than that required to
inhibit intestinal P-gp.23,26
At very high plasma concentrations, loperamide
interferes with cardiac conduction.27-29 Loperamide blocks
human ether-a-go-go–related gene potassium channels with
high afﬁnity at concentrations of 15.7 mg/L (Kang et al28)
to 20.5 mg/L (Klein et al29) and blocks sodium channels at
concentrations of 114 to 141 mg/L.28 To contextualize this,
the average peak concentration after an 8-mg dose is 1.18
mg/L.16 These effects contribute to QT-interval
prolongation and QRS-interval widening and create a
substrate for life-threatening dysrhythmias.
LOPERAMIDE MISUSE AND ABUSE
Misuse and abuse of loperamide, often at exceptionally
high doses, has been increasingly reported since the ﬁrst
documented instance in 2005.7 Although undoubtedly an
underestimate of the true incidence, loperamide exposures
reported to the National Poison Data System nearly
doubled between 2010 and 2015, with 1,736 intentional
exposures during the study period.30 Individual experiences
with loperamide are recounted on Web sites including
Bluelight,31 Drugs Forum,32 and Erowid.33 In a sample of
258 posts from one such Web site, 69% discussed the use
of high-dose loperamide to alleviate opioid withdrawal
symptoms, whereas 23% described its use for euphoric
effects.7 Unlike other opioids, loperamide is easily procured
and inexpensive (one national retailer offers 400 2-mg
tablets for $7.59). It has been likened to “poor man’s
methadone,” with users reporting average daily amounts of
70 mg, and some receiving several hundred milligrams
per day, far more than the maximum approved dose of
16 mg/day.7 Moreover, some users purposefully inhibit
CYP3A4 (for example, with cimetidine or grapefruit juice),
P-gp (for example, with quinidine or black pepper, which
contains piperine, an inhibitor of both P-gp and
CYP3A4),34 or both to enhance the systemic absorption
and central nervous system penetration of loperamide.
Several accounts posted on Internet forums clearly describe
a resulting opioid toxidrome, some with near-fatal
respiratory depression.35 One user who ingested 72 mg of
loperamide with black pepper likened the euphoric effect to
that of 90 mg of OxyContin (oxycodone).35
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CARDIAC TOXICITY
Loperamide toxicity is not characterized solely by opioid
effects. Recently, numerous reports of serious cardiac
dysrhythmias have emerged, some of them fatal.
We conducted a literature review of the PubMed
database from inception to April 5, 2017, using the terms
“loperamide and toxicity,” “loperamide and cardiac,”
“loperamide and abuse,” and “loperamide and overdose,”
as well as a manual review of relevant references to
identify all reported cases of loperamide exposures and
toxicity. We also reviewed conference abstracts from
2011 to 2016 for the North American Congress of
Clinical Toxicology, the European Association of Poisons
Centres and Clinical Toxicologists, the Society of Critical
Care Medicine, and the Society for Academic Emergency
Medicine, and from 2013 to 2017 for the American
College of Medical Toxicology (ACMT), identifying two
additional cases36 that were not subsequently published.
To date, more than 20 individual case reports of
loperamide cardiac toxicity have been published, and a
recent investigation of the Food and Drug Administration
Adverse Event Reporting System database identiﬁed 48
cases of serious cardiac events associated with
loperamide.37 These reports typically describe young
patients with decreased level of consciousness or with
unheralded syncope, which may be recurrent, in
association with markedly abnormal ECG results.
Reported ECG ﬁndings are outlined in the
Table.2,17,36,38-51 An additional 22 cases have been
reported of patients found dead with elevated
postmortem loperamide plasma concentrations6,52,53,54;
19 of the cases were from one series in North Carolina.52
Whether these patients died of loperamide-induced
respiratory depression or cardiac toxicity is unknown.
Published cases of loperamide cardiotoxicity involve
chronic ingestion of doses ranging from 100 to 800 mg per
day.2,17,36,38-51 With the exception of 3 reports of patients
who died after developing pulseless electrical activity arrest
or asystole,2,45 all cases exhibited striking ECG
abnormalities (Figures 1 to 3) of a widened QRS interval
(up to 200 ms)44 and a prolonged QT interval (up to 704
ms),17 and all developed ventricular dysrhythmias,
including monomorphic or polymorphic ventricular
tachycardia (torsades de pointes).17,36,38,40-44,46-51
The ability of high-dose loperamide to block cardiac
potassium and sodium channels provides the basis for ECG
abnormalities and dysrhythmias. As noted, the
concentrations required to block these channels are
unattainable at standard doses, but sufﬁciently high
concentrations are readily achieved in patients with
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Case Report

Age, Sex

Rasla et al,
201738
Bhatti et al,
201739
Kozak et al,
201740
Katz et al,
201736

28, M

400 mg/day x 5 mo

Presyncope, palpitations

37, F

400 mg

Loss of consciousness

41, M

>100 mg/day

Recurrent syncope

28, M

N/A

Dyspnea, Presyncope

39, F

N/A

Seizurelike activity

O’Connell et al,
201641

28, F

400–600 mg/
dayþcimetidine

Recurrent syncope,
palpitations

Lasoff et al,
201642

24, M

400 mg/day þ
cimetidine

Generalized weakness

Upadhyay et al,
201643

46, M

100 mg/day x 5 y,
Syncope, cardiac arrest
200 mg/day x 2 days

Vaughn et al,
201644
Mukarram
et al,
201647
Wightman
et al,
201646
Eggleston
et al,
201745
Spinner et al,
201549

20, M

288 mg/day

26, M

192 mg/day

48, F

40–80 mg/day

24, M

N/A

39, M
54, F

N/A
144 mg/day2 y

30, M† 400 mg/day7 days

26, M
26, M

100–250 mg/
dayþcimetidine
800 mg/day18 mo

25, F

N/A

Clinical Presentation

Recurrent syncope,
palpitations, dyspnea
Syncope, meiosis

ECG Changes
QTc 601 ms,
ventricular tachycardia
QTc > 600 ms
QTc 702 ms,
torsade de pointes
QRS 168 ms, QTc 693 ms,
torsade de pointes
QRS 142 ms, QTc 687 ms,
torsade de pointes
QRS 192 ms, QTc 642 ms,
ventricular tachycardia,
torsades de pointes
QRS 146 ms, QTc 544 ms,
ventricular tachycardia,
torsade de pointes
QTc > 600 ms,
ventricular ﬁbrillations,
torsade de pointes
QRS 200 ms, QTc 600 ms,
torsades de pointes
Ventricular tachycardia,
torsades de pointes

Decreased level of
consciousness

QRS 164 ms,
QT 582–614 ms,
ventricular tachycardia
Loss of consciousness and N/A
then cardiac arrest
Loss of consciousness
Asystole
Recurrent syncope
Junctional escape,
ventricular tachycardia,
torsades de pointes
Syncope and then
QRS 192 ms,
cardiac arrest
QT 704 ms,
torsades de pointes
Recurrent syncope
QTc>700 ms,
torsades de pointes
Cardiac arrest
PEA
Syncope, nausea, vomiting, QRS 140-170 ms,
and then cardiac arrest QTc 490-527 ms,
torsades de pointes

Treatment
Magnesium, isoproterenol
Naloxone 0.4 mg, isoproterenol
Magnesium, amiodarone,
cardioversion, electrical pacing
Magnesium, sodium bicarbonate,
lidocaine, isoproterenol, electrical pacing
Magnesium, sodium bicarbonate,
isoproterenol
Lidocaine, amiodarone, isoproterenol

Loperamide Plasma
Concentration, mg/L

Outcome

N/A

Survived

Undetectable

Survived

N/A

Survived

120

Survived

Undetectable

Survived

83.2

Survived

Amiodarone, sodium bicarbonate,
isoproterenol

N/A

Survived

Deﬁbrillation, magnesium,
amiodarone, lidocaine, metoprolol

NA

Survived

Deﬁbrillation, electrical pacing,
isoproterenol
CPR, deﬁbrillation, magnesium,
isoproterenol

N/A

Survived

2

Survived

210

Survived

Magnesium, self-limited

Naloxone, CPR

77*

Died

CPR
Lidocaine, amiodarone cardioversion,
electrical pacing

140*
N/A

Died
Survived

Deﬁbrillation, isoproterenol

120

Survived

Cardioversion, isoproterenol

N/A

Survived

N/A

N/A

Died

Sodium bicarbonate, magnesium,
atropine, lipid emulsion,
electrical pacing, ECMO

32

Died

Loperamide Toxicity
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Eggleston
et al,
201517
Marzec et al,
201550
MacDonald
et al, 20152
Enakpene
et al,
201548

Dose
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Table. Reported cases of loperamide-associated cardiac toxicity.

Wu & Juurlink

33
F, Female; M, male; N/A, not applicable; CPR, cardiopulmonary resuscitation; PEA, pulseless electrical activity.
*Postmortem levels.
†
Same patient presenting on 2 different occasions.

Magnesium, potassium
Anxiety, chest tightness
70–140 mg/daymo
33, M

Dyspnea
120–200 mg/day
33, M

Syncope
792 mg/day
28, M

Syncope
288 mg/day
43, F
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purposeful loperamide overdose (Table), especially in
the setting of concomitant P-gp or CYP3A4 inhibition.2225
Indeed, the median postmortem loperamide peripheral
blood concentration among the 19 deaths implicating
loperamide reported in North Carolina was 230 mg/L.52

Left against
medical advice
Survived
77
Sodium bicarbonate

Survived
N/A

Survived
N/A

Sodium bicarbonate, magnesium,
lidocaine, amiodarone, lipid emulsion,
cardioversion, electrical pacing
Magnesium, potassium, sodium bicarbonate,
lidocaine, lipid emulsion, deﬁbrillation,
electrical pacing, isoproterenol

Survived
22

QRS “wide,”
QTc>500 ms,
torsades de pointes
QRS 130 ms,
QTc 684 ms,
torsades de pointes
QRS 162 ms,
QT/QTc 670/647 ms,
ventricular tachycardia,
torsades de pointes
QRS 128 ms,
QT/QTc 566/636 ms
QRS 118 ms,
QTc 490 ms
Recurrent syncope and
then cardiac arrest
400 mg/daywks
Marrafa et al,
201451

30, M

†

Age, Sex
Case Report

Table. Continued.

Dose

Clinical Presentation

ECG Changes

N/A

Treatment

Loperamide Plasma
Concentration, mg/L

Outcome

Loperamide Toxicity

MANAGEMENT
The management of loperamide toxicity is largely
supportive, although some recommendations can be
cautiously extrapolated from ﬁrst principles and anecdotal
experience.
In the setting of acute overdose, loperamide should
adsorb to activated charcoal, the use of which is advisable
within 2 to 4 hours after a large overdose, provided the
patient’s mental status is normal. An extended
administration window is justiﬁed in part because of
loperamide’s effect on peristalsis, and in part because of
the limited therapies otherwise available, particularly in
patients who regularly ingest large amounts of
loperamide and may already have dangerously elevated
plasma concentrations.55 Gastrointestinal
decontamination has no role in the absence of acute
overdose.
In the presence of respiratory depression or degrees of
somnolence that might impair airway protection, naloxone
should be administered in addition to supportive care.
Given the possibility of opioid withdrawal, the lowest
effective dose of naloxone should be used. Successful use of
naloxone at doses of 0.01 to 0.4 mg has been described in 1
adult case39 and 5 pediatric patients (4-month-old,56
15-month-old,57 8-day-old, and 2 others of uncertain age3)
presenting with central nervous system depression or
respiratory depression. The need for repeated doses of
naloxone should be anticipated in light of loperamide’s
slow elimination.
For patients with loperamide cardiotoxicity, standard
advanced cardiac life support therapy should be followed in
patients with cardiac arrest, including cardioversion or
deﬁbrillation for shockable rhythms and intravenous
magnesium for polymorphic ventricular tachycardia.
Repeated shocks may be required, as reported in one case
requiring cardioversion more than 15 times.51 Thirteen
patients with torsades de pointes appeared to beneﬁt from
overdrive pacing using transvenous electrical pacing or
isoproterenol to suppress ventricular ectopy and prevent
recurrent dysrhythmias.17,36,40-42,44,47,51
Prolongation of the QT interval is more likely than
QRS-interval widening, given the lower loperamide
concentration needed to block cardiac potassium channels.
Although no speciﬁc treatment exists for
loperamide-induced QT-interval prolongation, it is sensible
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Figure 1. ECG with QRS-interval duration of 200 ms and QTc interval of 600 ms in a 20-year-old patient presenting with recurrent
syncope caused by loperamide-induced cardiac toxicity. Reproduced with permission: Vaughn et al.44

to ensure that other reversible factors for QT-interval
prolongation (such as hypokalemia, hypomagnesemia, and
other medications) have been rectiﬁed.
To address QRS-interval widening caused by
loperamide sodium channel blockade, a trial of intravenous

sodium bicarbonate (1 to 2 mEq/kg) is a reasonable
intervention while ensuring adequate ventilation, but
whether this will improve conduction is unclear. In
published cases, patients received various concomitant
treatments, including magnesium, potassium chloride,

Figure 2. ECG demonstrating onset of torsades de pointes in a 20-year-old patient with loperamide-induced cardiac toxicity.
Reproduced with permission: Vaughn et al.44
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Figure 3. Telemetry strip demonstrating onset of torsades de pointes in a 26-year-old patient with loperamide-induced
cardiac toxicity.47

sodium bicarbonate, and antiarrhythmic drugs (eg,
amiodarone, lidocaine), with reportedly little clinical or
ECG improvement.36,38,40-43,46-49,51
As a lipophilic, highly protein-bound (97%) drug,3,14
loperamide would not be appreciably cleared by
hemodialysis. However, intravenous lipid emulsion is a
consideration for patients with severe cardiotoxicity.
Published experience to date is limited to 3 cases.48,51 The
doses of lipid used were not speciﬁed, and too few clinical
details were presented to evaluate any potential effects.
Despite the absence of good data, we believe loperamide’s
high lipophilicity (log P 4.77) justiﬁes a trial of intravenous
lipid emulsion in patients who remain severely unstable
despite otherwise optimal care. Recommended dosing
guidelines are offered by the American College of Medical
Toxicology58 and at http://www.lipidrescue.org; however,
these recommendations are not speciﬁc to loperamide
toxicity. Dosing should be individualized and should
proceed with the recognition that intravenous lipid
emulsion may be ineffective and is not devoid of risk.59
Loperamide is slowly eliminated in the setting of toxicity,
and prolonged infusions of intravenous lipid emulsion are
generally best avoided.
Venoarterial extracorporeal membrane oxygenation
(ECMO) is another potential treatment for patients with
severe loperamide cardiotoxicity.60 One published case
describes the use of venoarterial ECMO in a patient who
presented in cardiac arrest. The patient ultimately died,
although whether care was withdrawn or ECMO was
ineffective is unknown.48 We suggest considering ECMO,
if available, in patients with severe loperamide
cardiotoxicity refractory to other measures.
In patients who survive loperamide toxicity, attention
may be required to other issues. Although to our
knowledge no published reports describe the use of
methylnaltrexone or naloxegol for the treatment of severe
loperamide-induced constipation, it is intuitive that they
would work in a fashion similar to that observed when
constipation caused by conventional opioid analgesics is
treated. Consideration should also be given to management
of any underlying opioid use disorder. This may include
initiation of opioid agonist therapy with buprenorphine
and referral to an addiction treatment program. Evidence
6 Annals of Emergency Medicine

from patients with opioid addiction shows that inpatient
initiation of buprenorphine coupled with outpatient
referral to an addiction specialist led to signiﬁcantly better
retention in long-term treatment and reduced illicit opioid
use 6 months after hospitalization.61
CONCLUSION
Loperamide misuse and abuse are increasingly
recognized and potentially fatal, owing in part to ease of
access to the drug and its extremely low cost. Death can
result from either central opioid effects or cardiac
dysrhythmias. This relatively new presentation of cardiac
toxicity is underappreciated and requires prompt
recognition and discontinuation of loperamide.
Unexplained syncope or ventricular dysrhythmias,
especially in patients with a history of an opioid use
disorder, should lead clinicians to entertain the possibility
of loperamide toxicity, particularly when QT prolongation
or QRS widening is apparent. Clinical encounters in the
hospital can serve as an opportunity to identify an
underlying opioid use disorder, initiate opioid agonist
therapy when appropriate, and arrange referral to
specialized addiction care for long-term management.
Supervising editor: Richard C. Dart, MD, PhD
Author afﬁliations: From the Department of Medicine, University
Health Network, Toronto, Ontario, Canada (Wu); the Division of
Clinical Pharmacology and Toxicology and Department of Medicine
(Wu, Juurlink) and Institute of Health Policy, Management and
Evaluation (Juurlink), University of Toronto, Toronto, Ontario,
Canada; and the Institute for Clinical and Evaluative Sciences and
Sunnybrook Research Institute, Toronto, Ontario, Canada
(Juurlink).
Authorship: All authors attest to meeting the four ICMJE.org
authorship criteria: (1) Substantial contributions to the conception
or design of the work; or the acquisition, analysis, or interpretation
of data for the work; AND (2) Drafting the work or revising it
critically for important intellectual content; AND (3) Final approval
of the version to be published; AND (4) Agreement to be
accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.
Funding and support: By Annals policy, all authors are required to
disclose any and all commercial, ﬁnancial, and other relationships
Volume

-,

no.

-

:

-

2017

Wu & Juurlink

Loperamide Toxicity

in any way related to the subject of this article as per ICMJE conﬂict
of interest guidelines (see www.icmje.org). The authors have stated
that no such relationships exist.
Publication dates: Received for publication March 15, 2017.
Revision received March 26, 2017. Accepted for publication April
3, 2017.
REFERENCES
1. DEA Ofﬁce of Diversion Control. DEA Orange Book Lists of Scheduling
Actions. US Dept of Justice; 2016. Available at: http://www.
deadiversion.usdoj.gov/schedules/orangebook/orangebook.pdf.
Accessed June 12, 2016.
2. MacDonald R, Heiner J, Villarreal J, et al. Loperamide dependence and
abuse. BMJ Case Rep. 2015; http://dx.doi.org/10.1136/bcr-2015209705.
3. Litovitz T, Clancy C, Korberly B, et al. Surveillance of loperamide
ingestions: an analysis of 216 poison center reports. J Toxicol Clin
Toxicol. 1997;35:11-19.
4. Jaffe JH, Kanzler M, Green J. Abuse potential of loperamide. Clin
Pharmacol Ther. 1980;28:812-819.
5. Korey A, Zilm DH, Sellers EM. Dependence liability of two
antidiarrheals, nufenoxole and loperamide. Clin Pharmacol Ther.
1980;27:659-664.
6. Sklerov J, Levine B, Moore KA, et al. Tissue distribution of loperamide
and N-desmethylloperamide following a fatal overdose. J Anal Toxicol.
2005;29:750-754.
7. Daniulaityte R, Carlson R, Falck R, et al. “I just wanted to tell you that
loperamide will work”: a web-based study of extra-medical use of
loperamide. Drug Alcohol Depend. 2013;130:241-244.
8. Killinger JM, Weintraub HS, Fuller BL. Human pharmacokinetics and
comparative bioavailability of loperamide hydrochloride. J Clin
Pharmacol. 1979;19:211-218.
9. Van Nueten JM, Helsen L, Michiels M, et al. Distribution of loperamide
in the intestinal wall. Biochem Pharamcol. 1979;28:1433-1434.
10. Epple HJ, Fromm M, Riecken EO, et al. Antisecretory effect of
loperamide in colon epithelial cells by inhibition of basolateral Kþ
conductance. Scand J Gastroenterol. 2001;36:731-737.
11. Reynolds IJ, Gould RJ, Snyder SH. Loperamide: blockade of calcium
channels as a mechanism for antidiarrheal effects. J Pharmacol Exp
Ther. 1984;231:628-632.
12. Heel RC, Brogden RN, Speight TM, et al. Loperamide: a review of its
pharmacological properties and therapeutic efﬁcacy in diarrhoea.
Drugs. 1978;15:33-52.
13. Kim KA, Chung J, Jung DH, et al. Identiﬁcation of cytochrome P450
isoforms involved in the metabolism of loperamide in human liver
microsomes. Eur J Clin Pharmacol. 2004;60:575-581.
14. Regnard C, Twycross R, Mihalyo M, et al. Loperamide. J Pain Symptom
Manage. 2011;42:319-323.
15. DrugBank. Loperamide. 2005. Available at: http://www.drugbank.ca/
drugs/DB00836. Accessed June 13, 2016.
16. Yu JH, Kim HJ, Lee S, et al. LC-MS determination and bioavailability
study of loperamide hydrochloride after oral administration of
loperamide capsules in human volunteers. J Pharm Biomed Anal.
2004;36:421-427.
17. Eggleston W, Nacca N, Marraffa JM. Loperamide toxicokinetics: serum
concentrations in the overdose setting. Clin Toxicol. 2015;53:495-496.
18. Vandenbossche J, Huisman M, Xu Y, et al. Loperamide and Pglycoprotein inhibition: assessment of the clinical relevance. J Pharm
Pharmacol. 2010;62:401-412.
19. Skarke C, Jarrar M, Schmidt H, et al. Effects of ABCB1 multidrug
resistance transporter gene mutations on disposition and central
nervous effects of loperamide in healthy volunteers.
Pharmacogenetics. 2003;13:651-660.

Volume

-,

no.

-

:

-

2017

20. Schinkel AH, Wagenaar E, Mol CA, et al. P-glycoprotein in the
blood-brain barrier of mice inﬂuences the brain penetration and
pharmacological activity of many drugs. J Clin Invest.
1996;97:2517-2524.
21. Niemi M, Tornio A, Pasanen MK, et al. Itraconazole, gemﬁbrozil and
their combination markedly raise the plasma concentrations of
loperamide. Eur J Clin Pharamcol. 2006;62:463-472.
22. Tayrouz Y, Ganssmann B, Ding R, et al. Ritonavir increases loperamide
plasma concentrations without evidence for P-glycoprotein
involvement. Clin Pharmacol Ther. 2001;70:405-414.
23. Sadeque AJ, Wandel C, He H, et al. Increased drug delivery to the
brain by P-glycoprotein inhibition. Clin Pharmacol Ther.
2000;68:231-237.
24. Kim TE, Lee H, Lim KS, et al. Effects of HM30181, a P-glycoprotein
inhibitor, on the pharmacokinetics and pharmacodynamics of
loperamide in healthy volunteers. Br J Clin Pharmacol.
2014;78:556-564.
25. Kurnik D, Sofowora GG, Donahue JP, et al. Tariquidar, a selective
P-glycoprotein inhibitor, does not potentiate loperamide’s opioid brain
effects in humans despite full inhibition of lymphocyte P-glycoprotein.
Anesthesiology. 2008;109:1092-1099.
26. Bauer M, Zeitlinger M, Todorut D, et al. Pharmacokinetics of single
ascending doses of the P-glycoprotein inhibitor tariquidar in healthy
subjects. Pharmacology. 2013;91:12-19.
27. Harmer AR, Valentin JP, Pollard CE. On the relationship between block
of the cardiac Naþ channel and drug-induced prolongation of the QRS
complex. Br J Pharmacol. 2011;164:260-273.
28. Kang J, Compton DR, Vaz RJ, et al. Proarrythmic mechanisms of the
common anti-diarrheal medication loperamide: revelations from the
opioid abuse epidemic. Naunyn Schmiedebergs Arch Pharmacol.
2016;389:1133-1137.
29. Klein MG, Haigney MCP, Mehler PS, et al. Potent inhibition of hERG
channels by the over-the-counter antidiarrheal agent loperamide. J Am
Coll Cardiol EP. 2016;2:784-789.
30. Vakkalanka JP, Charlton NP, Holstege CP. Epidemiologic trends in
loperamide abuse and misuse. Ann Emerg Med. 2017;69:73-78.
31. Bluelight. Loperamide (Imodium) megathread: we have now lost at
least 2 of our own from Lope. 2007. Available at: http://www.bluelight.
org/vb/threads/296086-Loperamide-(Immodium)-Megathread-Wehave-now-lost-at-least-2-of-our-own-from-Lope. Updated March 2014.
Accessed June 12, 2016.
32. Drugs Forum. Loperamide: the secret opioid. 2012. Available at:
https://drugs-forum.com/forum/showthread.php?t¼185004.
Accessed June 12, 2016.
33. Erowid. Absolutely awesome! Loperamide 2008. Available at: https://
www.erowid.org/experiences/exp.php?ID¼66159. Accessed June 12,
2016.
34. Bhardwaj RK, Glaeser H, Becquemont L, et al. Piperine a major
constituent of black pepper, inhibits human P-glycoprotein and
CYP3A4. J Pharmacol Exp Ther. 2002;302:645-650.
35. Drugs Forum. Loperamide report. 2012. Available at: https://drugsforum.com/forum/showthread.php?t¼175644. Accessed June 13,
2016.
36. Katz K, Cannon R, Cook M, et al. Loperamide-induced torsades de
pointes: a case series. J Med Toxicol. 2017;13:3-46.
37. Swank KA, Wu E, Kortepeter C, et al. Adverse event detection using the
FDA post-marketing drug safety surveillance system: cardiotoxicity
associated with loperamide abuse and misuse. J Am Pharm Assoc.
2017;57:563-567.
38. Rasla S, St Amand A, Garas MK, et al. Unexpected serious cardiac
arrhythmias in the setting of loperamide abuse. R I Med J.
2017;100:33-36.
39. Bhatti Z, Norsworthy J, Szombathy T. Loperamide metabolite-induced
cardiomyopathy and QTc prolongation. Clin Toxicol. 2017; http://dx.
doi.org/10.1080/15563650.2017.

Annals of Emergency Medicine 7

Wu & Juurlink

Loperamide Toxicity
40. Kozak PM, Harris AE, McPherson JA, Roden DM. Torsades de pointes
with high-dose loperamide. J Electrocardiol. 2017; http://dx.doi.org/
10.1016/j.jelectrocard.2017.01.011.
41. O’Connell CW, Schricker AA, Schneir AB, et al. High-dose loperamide
abuse-associated ventricular arrhythmias. Heart Rhythm Case Rep.
2016;2:232-236.
42. Lasoff DR, Schneir A. Ventricular dysrhythmias from loperamide
misuse. J Emerg Med. 2016;50:508-509.
43. Upadhyay A, Bodar V, Malekzadegan M, et al. Loperamide induced life
threatening ventricular arrhythmia. Case Rep Cardiol. 2016; http://dx.
doi.org/10.1155/2016/5040176.
44. Vaughn P, Solik MM, Bagga S, et al. Electrocardiographic
abnormalities, malignant ventricular arrhythmias and cardiomyopathy
associated with loperamide abuse. J Cardiovasc Electrophysiol.
2016;27:1230-1233.
45. Eggleston W, Clark KH, Marraffa JM. Loperamide abuse associated
with cardiac dysrhythmia and death. Ann Emerg Med. 2017;69:83-86.
46. Wightman RS, Hoffman RS, Howland MA, et al. Not your regular high: cardiac
dysrhythmias caused by loperamide. Clin Toxicol. 2016;54:454-458.
47. Mukarram O, Hindi Y, Catalasan G, et al. Loperamide induced torsades
de pointes: a case report and review of the literature. Case Rep Med.
http://dx.doi.org/10.1155/2016/4061980.
48. Enakpene EO, Riaz IB, Shirazi FM, et al. The long QT teaser:
loperamide abuse. Am J Med. 2015;128:1083-1086.
49. Spinner HL, Lonardo NW, Mulamalla R, et al. Ventricular tachycardia
associated with high-dose chronic loperamide use. Pharmacotherapy.
2015;35:234-238.
50. Marzec LN, Katz DF, Peterson PN, et al. Torsade de pointes associated
with high-dose loperamide ingestion. J Innov Cardiac Rhythm Manage.
2015;6:1897-1899.

8 Annals of Emergency Medicine

51. Marraffa JM, Holland MG, Sullivan RW, et al. Cardiac conduction
disturbance after loperamide abuse. Clin Toxicol. 2014;52:952-957.
52. Bishop-Freeman SC, Feaster MS, Beal J, et al. Loperamide-related
deaths in North Carolina. J Anal Toxicol. 2016;40:677-686.
53. Dierksen J, Gonsoulin M, Walterscheid JP. Poor man’s methadone: a
case report of loperamide toxicity. Am J Forensic Med Pathol.
2015;36:268-270.
54. Johansen SS, Jensen JL. Liquid chromatography–tandem mass
spectrometry determination of loperamide and its main metabolite
desmethylloperamide in biological specimens and application to
forensic cases. J Chromatogr B Analyt Technol Biomed Life Sci.
2004;811:31-36.
55. Juurlink DN. Activated charcoal for acute overdose: a reappraisal. Br J
Clin Pharmacol. 2016;81:482-487.
56. Friedli G, Haenggeli CA. Loperamide overdose managed by naloxone.
Lancet. 1980;1:1413.
57. Minton NA, Smith PG. Loperamide toxicity in a child after a single dose.
Br Med J (Clin Res Ed). 1987;294:1383.
58. American College of Medical Toxicology. ACMT position statement:
interim guidance for the use of lipid resuscitation therapy. J Med
Toxicol. 2011;7:81-82.
59. Levine M, Hoffman RS, Lavergne V, et al. Systematic review of the
effect of intravenous lipid emulsion therapy for non-local anesthetics
toxicity. Clin Toxicol. 2016;54:194-221.
60. Johnson NJ, Gaieski DF, Allen SR, et al. A review of emergency
cardiopulmonary bypass for severe poisoning by cardiotoxic drugs.
J Med Toxicol. 2013;9:54-60.
61. Liebschutz JM, Crooks D, Herman D, et al. Burpenorphine treatment
for hospitalized, opioid-dependent patients: a randomized clinical trial.
JAMA Intern Med. 2014;174:1369-1376.

Volume

-,

no.

-

:

-

2017

