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1.	To	discuss	the	iden;fica;on	and	
therapeu;c	approach	to	common	
toxidromes:	
–  An;cholinergic	
–  Sympathomime;c	
–  Opioids	
–  Seda;ve	hypno;c	
–  Serotonin		
–  Neurolep;c	malignant	

syndrome	
–  Cholinergic	

2.	To	Discuss	common	An;dotes	
and	their	indica;ons		



The	Dose	Makes	The	Poison	



The	Dose	Makes	The	Poison	
	
	
	
	
	

					



Toxicology Handbook, Lindsay Murray 
Second edition  



What	is	a	Toxidrome	

•  A	toxidrome	is	a	constella;on	of	signs	and		symptoms	that	
help	narrow	the	differen;al	diagnosis	to	certain	toxin	and	
thus	guides	therapy	

•  i.e	A	clinical	picture	that	suggests	exposure	to	certain	class	of	
poisons		



Toxidromes	Vs	urine	drug	screen	
(UDS)	

•  Urine	drug	tes;ng:	tests	for	specific	class	of	xenobio;c,	
commonly	(opioids,	BDZ,	amphetamines,	cannabis,	…)	

•  Significant	rates	of	false	posi;ve	and	false	nega;ve	results	

•  If	truly	posi;ve,	it	indicates	exposure	to	the	substance	at	
some	point	in	;me	and	not	necessary	indicates	toxicity	
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FIGURE 1. Factors that in!uence detection of drugs in urine.

for establishing credibility and con"dence when urine
drug testing results are applied to a forensic scenario,
such as determining the involvement of a drug in a
crime, or when qualifying a person to work in a safety-
sensitive position. This two-step process is not typi-
cally required for clinical applications of drug testing.

Application of the SAMHSA model to medication
adherence monitoring may contribute harm to the
provider and patient, speci"cally by generating un-
expected negative results. A commonly cited paper
representing nearly one million urine samples col-
lected from chronic pain management patients, that
were tested using the traditional two-step model, re-
ported that 38% of the samples did not contain de-
tectable concentrations of the expected prescribed
drug. The authors suggest that 75% of patients were
unlikely to be compliant with the therapeutic plan.5
Other studies suggest that the incidence of inappro-
priate urine drug tests ranges from 9% to 50%.6 One
could argue that the patients with unexpected re-
sults are noncompliant, yet one could also argue that
the tests employed were inappropriate for the appli-
cation. Indeed, the ASIPP evidence assessment for
urine drug testing was “fair” regarding the use of tra-
ditional urine drug testing to identify patients who are
noncompliant.3

Apparent false negatives are particularly common
for semi-synthetic or synthetic opioids and benzo-
diazepines. A study that considered approximately
8000 urine samples collected from chronic pain
management patients failed to identify 69.3% of
hydromorphone-positive urine samples and 53.5%
of alprazolam-positive urine samples when the tra-
ditional approach was applied.7 Yet another study
demonstrated that 66.1% of clonazepam-positive
urine samples were missed when utilizing the tradi-
tional two-step (screen with re!ex to con"rmation)
approach. It is now recognized that such unexpected
immunoassay results are not false, but rather, repre-
sent incongruence between the test and the pre-test
expectations, and should stimulate an investigation
of contributing factors such as those illustrated in
Table 1. Due to the high incidence of false negatives
associated with immunoassays designed to detect
benzodiazepines and opioids, one laboratory group
described how they optimized medication adherence
monitoring for those drug classes by eliminating the
screen component in favor of a targeted testing using
LC-MS/MS.8

The cutoff concentrations used for interpretation
of urine drug testing results are another potential
source of apparent false-negative results. While cutoff
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Urine Drug Testing: Current Recommendations and Best Practices

perior to EIA testing and provides acceptable accuracy 
(31). The choice of whether to use GC/MS or LC/MS-
MS depends on the compound to be analyzed; highly 
volatile, nonpolar compounds lend themselves well to 
analysis by GC/MS, whereas polar compounds may be 
more readily detected by LC/MS-MS (32). An advantage 
of LC/MS-MS is that a smaller volume is needed, thus 

reducing the chance of sample rejection due to inad-
equate sample quantity (“quantity not sufficient”) (33). 
Mass spectroscopy is reported to be “highly sensitive 
and specific” (34).

More advanced UDT interpretation is beyond the 
scope of this manuscript. Most UDT corporations can 
provide literature to assist in interpreting results. Pro-
viders must be familiar with metabolic products from 
parent drugs so that an innocent individual is not un-
fairly accused of aberrant drug-taking behavior if an 
expected metabolite is detected in a sample. Quantita-
tive UDT cannot be used to verify compliance with a 
prescribed dosage of medication due to variability in 
volumes of distribution (muscle density) and interindi-
vidual and intraindividual variability in drug metabo-
lism (30).

CORRECTIVE ACTION

When aberrant behaviors occur or UDT produces 
unexpected results, corrective action must be taken 
and may involve any or all of the following: counseling, 
interval dosing (decreasing the time interval between 
follow-ups), limiting the overall quantity and doses 
of opioid analgesics, conducting psychological and/or 
addictionology evaluations, and/or discontinuing the 
opioid medication (“first do no harm” principle). The 
absolutely critical component to a corrective action is 
providing complete documentation of the plan, as well 
as additional documentation on subsequent office visits 
of progress made with use of this plan, ensuring follow-

Table 5. Enzyme immunoassay cross-reactions (some are laboratory- or test-specific). Adapted from Trescot, et al (15) and Moellar 
(43).   

Drug Class Cross-reactant 

Cannabinoids

dronabinol (Marinol)
efavirenz

ketoprofen 
naproxen

pantopazole
ibuprofen

promethazine
riboflavin
tolmetin

Opioids

diphenhydramine
poppy seeds

chlorpromazine
rifampin

dextromethorphan
quinine

ofloxacin 
papaverine 

Amphetamines

benzphetamine
chlorpromazine

clobenzorex
isometheptene

isoxsuprine
phentermine

phenylpropanolamine
promethazine

ritodrine
thioridazine
trazodone

trimethobenzamide
trimipramine

ephedrine
methylphenidate
pseudoephedrine

desipramine
bupropion

fenfluramine
propranolol

labetalol
mexiletine
selegiline
tyramine

amantadine
ranitidine

phenylephrine
vapor sprays (Vick’s)

Drug Class Cross-reactant 

PCP

doxylamine
ibuprofen

imipramine
ketamine

meperidine
mesoridazine

tramadol
chlorpromazine

thioridazine
dextromethorphan
diphenhydramine

venlafaxine

Benzodiazepines

flunitrazepam 
oxaprozin
sertraline

“some herbal agents”

Ethanol “asthma inhalers”

Owen et al. Pain physician July 2012  
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Toxidrome	#	1	
	
•  25	year-old	male,	Ingested	25	tablets	(50	mg	each)	of	

diphenhydramine,	2	H	ago	

•  He	is	drowsy	and	his	skin	is	dry	

•  BP=	135/85,	HR=	130,	RR=18	

•  He	is	trying	to	catch	something	in	the	air	

	



An.cholinergic	
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Abstract
Aim: Opioid overdose mortality has increased in North America; however, recent regional trends in the proportion of treated overdose-related out-of-

hospital cardiac arrest (OD-OHCA) compared to out-of-hospital cardiac arrest of presumed cardiac etiology (C-OHCA) are largely unknown. Our aim is

to assess trends in the prevalence and outcomes of OD-OHCAs compared to C-OHCAs in Arizona.

Methods: Statewide, observational study utilizing an Utstein-style database with EMS-first care reports linked with hospital records, and vital statistics

data from 2010 to 2015.

Results: There were 21,658 OHCAs during the study period. After excluding non-C-OHCAs, non-OD-OHCAs, and cases missing outcome data,

18,562 cases remained. Of these remaining cases, 17,591 (94.8%) were C-OHCAs and 971 (5.2%) were OD-OHCAs. There was a significant increase

in the proportion of OD-OHCAs from 2010, 4.7% (95% CI: 3.9–5.5) to 2015, 6.6% (95% CI: 5.8–7.5). Mean age for OD-OHCAs was 38 years compared to

66 years for C-OHCAs, (p < 0.0001). Initial shockable rhythm was present in 7.1% of OD-OHCAs vs. 22.6% of C-OHCAs (p < 0.0001). Overall survival

to discharge in the OD-OHCA group was 18.6% vs. 11.9% in C-OHCA (p < 0.0001). After risk adjustment, we found an aOR of 2.1 (95% CI: 1.8-2.6) for

survival in OD-OHCA compared to C-OHCA.

Conclusion: There has been a significant increase in the proportion of OD-OHCAs in Arizona between 2010–2015. OD-OHCA patients were younger,

were less likely to present with a shockable rhythm, and more likely to survive than patients with C-OHCA. These data should be considered in

prevention and treatment efforts.

Keywords: Overdose, OHCA, Out-of-hospital cardiac arrest, Cardiac arrest, OD-OHCA, Naloxone, Resuscitation, CPR, Compression-only CPR,

Arizona, Epidemiology, Opioid, Overdose-related, BLS, ACLS

Introduction

Drug overdose is a growing epidemic and public health problem.1

The increasing use of prescription drugs coupled with the availability

of illicit heroin and fentanyl have made drug-related overdoses the
leading cause of injury-related deaths in the US.2 In 2016 there were
an estimated 64,000 fatal drug overdoses and an additional 30 non-
fatal overdoses for each fatal overdose.2,3 While there are multiple
drugs (e.g., cocaine, methamphetamines, alcohol, benzodiazepines,
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An.cholinergic	Toxidrome	



An.cholinergic	
Toxidrome	

Management:	
	
1)  ABCDE	

2)  Suppor.ve	care:	fluid,	cooling	if	needed,….	

3)  Physos;gmine:	in	moderate	to	severe	toxicity,	if	No	TCA	
overdose,	no	wide	QRS,	no	seizure,	no	bradycardia	

4)  If	physos;gmine	is	contraindicated,	then	just	use	
suppor;ve	care	and		benzodiazepines	for	agita;on	or	
seizure	
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Sympathomime.c	toxidrome	

•  Meds:	
–  Decongestants	
(Pseudoephedrine)	

–  	Ritalin,	Adderall	
–  Cocaine,	amphetamines	

•  Treatment:	
–  Benzodiazepines	
–  Suppor;ve	care	(cooling,	
IVF…)	

Excessive	Sympathe;c	nervous	
system	s;mula;on		
•  Tachycardia	
•  Hypertension	
•  Mydriasis	
•  Tachypnea	
•  Swea;ng	(as	opposed	to	dry	

skin	in	an;cholinergic	
syndrome!)	

•  Hyperthermia	
•  Seizures	
•  Stroke	
•  MI	





Opioid	toxidrome	

•  Excessive	s;mula;on	of	mu	receptors	in	the	CNS	from	opioid	
agonists.	

•  Meds:	
– Morphine	
–  Fentanyl	
–  Hydromorphone	
–  Codeine	
–  Oxycodone	

•  Recrea;onal	drugs:	
–  Heroin	



Opioid	Toxidrome	





Seda.ve-hypno.c	Toxidrome	
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•  Usually	from	excessive	s;mula;on/poten;a;on	of	
GABA	receptors	in	the	CNS.	

•  Can	happen	with	H1	blockade	in	the	CNS	
•  Meds:	

–  Benzodiazepines	(GABA	agonism)	
–  An;psycho;cs	(H1	blockade)	
–  ETOH	(GABA	agonism)	

•  Treatment:	
–  Suppor;ve	
–  Flumazenil??	

Seda.ve-hypno.c	Toxidrome	



related to the use of flumazenil, whereof one case of ventricu-
lar tachycardia within 20 min. progressed to asystole and
death [15,35–37].
Holdcroft [38] investigated reported AEs related to anaes-

thetics and neuromuscular blocking drugs. They reported 14
cardiovascular AEs related to the use of flumazenil, and of
these, two were cardiac arrest and one was ventricular fibrilla-
tion; all three patients died [38]. This emphasizes the potential
morbidity and mortality related to cardiac AEs due to the use
of flumazenil.
None of the randomised patients included in this meta-

analyses died. During the open phase of the study, six patients
died, all reported in the study by The Flumazenil Study Group
[20]. All six deaths occurred 5 hr to 5 days after flumazenil
had been administered [20]. One of the patients experienced
seizures and cardiac arrest and died 5 hr after the administra-
tion of flumazenil. The patient was intoxicated with amoxa-
pine and nortriptyline, and the investigator reported the
convulsions to be possibly related to flumazenil and cause of
death to be due to ingestion of a lethal dose of TCAs [20].
Seizure is a well-known and potential lethal AE to flumaze-

nil. Seizures are not considered to be the result of a direct
toxic effect of flumazenil but due to reversal of the anticon-
vulsant effect of the benzodiazepine in the presence of pro-
convulsive drugs or other predispositions to seizures.
In our meta-analyses, three cases of seizures were reported

[20,28]. Two of these patients had multi-drug intoxication,
both with positive test for pro-convulsive drugs including
TCAs and propoxyphene [20,28]. There is no information on

possible co-ingested drugs for the third patient [20]. Addition-
ally, four patients developed seizures during the open phase of
the trial [20,24,28]. Review of available case reports
documented another 13 cases of seizures related to flumazenil
treatment [14,16,34,36,39–46]. Eleven of these cases had a
multi-drug intoxication, which in eight cases involved TCAs.
Known or suspected intoxication with TCAs or other pro-

convulsive drugs is a contra-indication for the use of flumaze-
nil [47]. In a retrospective study involving 43 patients with
flumazenil-induced seizures, 18 patients (42%) had an ingested
overdose of TCAs and, of these, three patients died [48]. This
study also concludes that patients with a higher risk of devel-
oping seizures after the administration of flumazenil include
patients who have ingested TCAs, patients who have been
treated with benzodiazepines for a seizure disorder or an acute
convulsive episode, patients with concurrent major sedative-
hypnotic drug withdrawal, patients who have recently been
treated with repeated doses of parenteral benzodiazepines and
intoxicated patients with myoclonic jerking or seizure activity
before flumazenil administration [48]. The study found no
relationship between the dose of flumazenil and the develop-
ment of seizures [48].
With the available data, it is not possible to conclude on

any relationship between flumazenil dose and development of
AEs. Likewise, most included studies did not allow extraction
of data on the time relation between the administration of flu-
mazenil and the occurrence of AEs. However, a review of
available case reports indicates that AEs occur within short
time of the last flumazenil dose and all (S)AEs are reported
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Fig. 1. Forrest plot, all adverse events.
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Abstract: Flumazenil is used for the reversal of benzodiazepine overdose. Serious adverse events (SAEs) including seizures and
cardiac arrhythmias have been reported in patients treated with flumazenil, and the clinical advantage of flumazenil treatment has
been questioned. The objective was to assess the risk of (S)AEs associated with the use of flumazenil in patients with impaired
consciousness due to known or suspected benzodiazepine overdose. Studies included in the meta-analyses were identified by
literature search in Medline, Cochrane Library and Embase using combinations of the words flumazenil, benzodiazepines, anti-
anxiety agents, poisoning, toxicity and overdose. Randomised clinical trials (RCTs) in verified or suspected benzodiazepine over-
dose patients comparing treatment with flumazenil versus placebo were included. Pre-defined outcome measures were AEs, SAEs
and mortality. Thirteen trials with a total of 994 randomised (990 evaluable) patients were included. AEs were significantly more
common in the flumazenil group (138/498) compared with the placebo group (47/492) (risk ratio: 2.85; 95% confidence interval:
2.11–3.84; p < 0.00001). SAEs were also significantly more common in the flumazenil group compared with the placebo group
(12/498 versus 2/492; risk ratio: 3.81; 95% CI: 1.28–11.39; p = 0.02). The most common AEs in the flumazenil group were agi-
tation and gastrointestinal symptoms, whereas the most common SAEs were supraventricular arrhythmia and convulsions. No
patients died during the blinded phase of the RCTs. The use of flumazenil in a population admitted at the emergency department
with known or suspected benzodiazepine intoxication is associated with a significantly increased risk of (S)AEs compared with
placebo. Flumazenil should not be used routinely, and the harms and benefits should be considered carefully in every patient.

Drug overdose is a frequently encountered challenge in emer-
gency departments, and often benzodiazepines are involved
either as single- or multi-drug intoxication.
Single-drug intoxication with benzodiazepines frequently

causes unconsciousness; however, mortality is low. Symptoms
might last several days due to the long half-life of some ben-
zodiazepines (up to 70 hr for diazepam). When part of a multi-
drug intoxication with other drugs or ethanol, prognosis is
worse, and there are several reports of deaths due to multi-drug
intoxications where benzodiazepines were involved [1–3].
Flumazenil, a 1,4-imidazobenzodiazepine, blocks the benzo-

diazepine receptors, with only a weak intrinsic action (GABA-A
receptor complex) [4–8]. Flumazenil is used in the treatment of
benzodiazepine overdose, primarily to reverse the sedative
effect of benzodiazepines and prevent respiratory depression
[4–6,9,10].
Initially, flumazenil was considered a safe antidote with no

intrinsic activity and was not only recommended to reverse

coma due to benzodiazepine overdose but also as a diagnostic
tool in comatose patients in the emergency department
[11,12]. Over the years, serious adverse events (SAEs) such
as seizures and cardiac arrhythmias have been reported in
patients treated with flumazenil [10,13], and there are several
case reports of deaths associated with the use of flumazenil
[14–16]. So far, it is unclear whether these incidents are
related to the administration of flumazenil or the rapid resolu-
tion of benzodiazepine effects. The frequency of SAEs associ-
ated with the use of flumazenil is unknown. At the same
time, benzodiazepine overdoses are only rarely considered
life-threatening and might have seizure-protective effect when
co-ingested with, for instance, tricyclic antidepressants, and
treatment with a benzodiazepine antagonist can in these situa-
tions be potentially harmful. Therefore, it is of major impor-
tance to assess the potential risks associated with the use of
flumazenil.

Objective

The objective of this study was to assess the risk of (S)AEs
associated with the use of flumazenil in patients with impaired
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Toxidrome	#	5	

•  20	year	old	female	presented	with	confusion,	diarrhea	and	
agita;on	

•  Vital	signs:	HR	130,	BP:	150/90,	T:	37.9,	RR:	18	

•  Hx:	Pa;ent	on	Fluoxe;ne	(SSRI)	for	depression.	Lately	was	
prescribed	tramadol	for	pain	following	a	dental	procedure	

•  Physical	exam:	Agitated,	exaggerated	bowel	sounds,	has	
tremor,	hyperreflexia	with	clonus	



Serotonin	Toxicity	



Serotonin	toxidrome	

•  Excessive	ac;vity	at	the	serotonin	receptor	(5HT)	in	the	CNS	
and	peripherally		

•  Usually	results	from	a	drug-drug	interac;on	of	two	
serotonergic	agents.	

•  In	this	case	the	two	serotonergic	agents	were:	
–  Fluoxe;ne	(SSRI)	
–  Tramadol		

•  Treatment:	
–  Benzodiazepines	
–  Suppor;ve	care	(cooling,	IVF…)	
–  Cyproheptadine	
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Serotonin syndrome (SS) and neuroleptic malignant syn-
drome (NMS) are each rare psychiatric emergencies 
that can lead to fatal outcomes. Their clinical presenta-

tions can overlap, which can make it difficult to differentiate 
between the 2 syndromes; however, their treatments are dis-
tinct, and it is imperative to know how to identify symptoms 
and accurately diagnose each of them to provide appropriate 
intervention. This article summarizes the 2 syndromes and 
their treatments, with a focus on how clinicians can distinguish 
them, provide prompt intervention, and prevent occurrence.

Serotonin syndrome 
Mechanism. The decarboxylation and hydroxylation of tryp-
tophan forms serotonin, also known as 5-hydroxytryptamine  
(5-HT), which can then be metabolized by monoamine  
oxidase-A (MAO-A) into 5-hydroxyindoleacetic acid (5-HIAA).1 
Medications can disrupt this pathway of serotonin production 
or its metabolism, and result in excessive levels of serotonin, 
which subsequently leads to an overactivation of central and 
peripheral serotonin receptors.1 Increased receptor activation 
leads to further upregulation, and ultimately more serotonin 
transmission. This can be caused by monotherapy or use of 
multiple serotonergic agents, polypharmacy with a combina-
tion of medication classes, drug interactions, or overdose. The 
wide variety of medications often prescribed by different clini-
cians can make identification of excessive serotonergic activity 
difficult, especially because mood stabilizers such as lithium,2 
and non-psychiatric medications such as ciprofloxacin and 

Differentiating serotonin syndrome  
and neuroleptic malignant syndrome

Symptoms can overlap, but 
accurate diagnosis is critical 
because treatments are distinct 

IK
O

N
 I

M
A

G
E

S

Disclosures
The authors report no financial relationships with any companies whose products are mentioned 
in this article, or with manufacturers of competing products.

Andia H. Turner, MD
PGY-3 Psychiatry Resident
Department of Psychiatry 
University of California Irvine 
Irvine, California

Jessica J. Kim, MD
PGY-3 Psychiatry Resident        
Department of Psychiatry 
University of California Irvine
Irvine, California

Robert M. McCarron, DO
Professor and Vice Chair of  
   Education and Integrated Care 
Residency Program Director
Co-Director, Train New Trainers
Primary Care Psychiatry Fellowship 
Department of Psychiatry 
University of California Irvine
Irvine, California
Section Editor, Consultation-Liaison  
   Psychiatry, CURRENT PSYCHIATRY

Charles T. Nguyen, MD
Clinical Professor 
Department of Psychiatry
University of California Irvine 
Irvine, California 
Chief, MHICM Program 
Department of Mental Health 
Veterans Affairs Long Beach 
Long Beach, California

Medications that can cause serotonin syndrome
Action Medications

Increases serotonin formation Tryptophan

Increases release of serotonin Amphetamines and amphetamine derivatives 

Cocaine 

MDMA

Impairs serotonin reuptake Cocaine, MDMA, meperidine, tramadol, pentazocine

SSRIs (citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, 
sertraline)

SNRIs (desvenlafaxine, duloxetine, milnacipran, venlafaxine, 
levomilnacipran) 

Dopamine-norepinephrine reuptake inhibitors (bupropion)

Serotonin modulators (nefazodone, trazodone, vilazodone, 
vortioxetine) 

TCAs (amitriptyline, amoxapine, clomipramine, desipramine, 
doxepin) 

St. John’s wort

5-HT3 antagonists (dolasetron, granisetron, ondansetron, 
palonosetron)

Metoclopramide, valproate, carbamazepine, sibutramine, 
dextromethorphan, cyclobenzaprine

Inhibits serotonin metabolism MAOIs (phenelzine, tranylcypromine, isocarboxazid, moclobemide, 
safinamide, selegiline, rasagiline, linezolid, tedizolid, methylene blue, 
procarbazine)

Direct serotonin agonist Buspirone, triptans, ergot derivatives, fentanyl, LSD

Increases sensitivity of 
postsynaptic receptor

Lithium

LSD: lysergic acid diethylamide; MAOIs: monoamine oxidase inhibitors; MDMA: 3,4-methylenedioxymethamphetamine; SNRIs: 
serotonin-norepinephrine reuptake inhibitors; SSRIs: selective serotonin reuptake inhibitors; TCAs: tricyclic antidepressants

Source: Reference 3 
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Serotonin  
syndrome or NMS?

Clinical Point

NMS can occur after 
a single dose, after 
a dose adjustment, 
or after years of 
treatment with the 
same medication 

The second hypothesis suggests that 
neuroleptics may have a direct toxic effect 
to muscle cells. Neuroleptics influence 
calcium transport across the sarcoplasmic 
reticulum and can lead to increased cal-
cium release, which may contribute to the 
muscle rigidity and hyperthermia seen  
in NMS.9 

The third hypothesis involves hyperac-
tivity of the sympathetic nervous system; it 
is thought that psychologic stressors alter 
frontal lobe function, with neuroleptics dis-
rupting the inhibitory pathways of the sym-
pathetic nervous system. The autonomic 
nervous system innervates multiple organ 
systems, so this excessively dysregulated 
sympathetic nervous system may be respon-
sible for multiple NMS symptoms (hyper-
thermia, muscle rigidity, hypertension, 
diaphoresis, tachycardia, elevated CK.10  

NMS can be caused by neuroleptic agents 
(both first- and second-generation anti-
psychotics) as well as antiemetics (Table 3,1 
page 33). The time between use of these med-
ications and onset of symptoms is highly 
variable. NMS can occur after a single dose, 
after a dose adjustment, or possibly after 
years of treatment with the same medication. 
It is not dose-dependent.11 In certain individ-
uals, NMS may occur at therapeutic doses.

Clinical presentation. Patients with NMS 
typically present with a tetrad of symp-
toms: mental status changes, muscular 
rigidity, hyperthermia, and autonomic 
instability.12 Mental status changes can 
include confusion and agitation, as well 
as catatonic signs and mutism. The mus-
cular rigidity of NMS is characterized by 

“lead pipe rigidity” and may be accom-
panied by tremor, dystonia, or dyskine-
sias. Laboratory findings include elevated 
serum CK (from severe rigidity), often 
>1,000 U/L, although normal levels can be 
observed if rigidity has not yet developed.13  

Treatment. The first step for treatment is 
to discontinue the causative medication.14 
Initiate supportive therapy immediately 
to restrict the progression of symptoms. 
Interventions include cooling blankets, fluid 
resuscitation, and antihypertensives to main-
tain autonomic stability15 or benzodiazepines 
to control agitation. In severe cases, muscu-
lar rigidity may extend to the airways and 
intubation may be required. The severity of 
these symptoms may warrant admission to 
the ICU for close monitoring. Pharmacologic 
treatment with dantrolene (a muscle relaxant 
that blocks calcium efflux from the sarcoplas-
mic reticulum) and bromocriptine (a dopa-
mine agonist) have been utilized.14 In case 
reports, electroconvulsive therapy (ECT) has 
been used to treat NMS15,16; however, pro-
spective research comparing ECT with tra-
ditional treatment has not been conducted. 
It is also worth mentioning that if a clinician 
wishes to restart the neuroleptic medication, 
a 2-week washout period will minimize the 
risk of NMS recurrence.17

Differentiating between  
SS and NMS
Differentiating between these 2 syndromes 
(Table 4,17 page 33) is critical to direct appro-
priate intervention. Table 517 outlines the 
treatment overview for SS and NMS.

Table 5

Treatment for neuroleptic malignant syndrome vs serotonin 
syndrome
Serotonin syndrome Neuroleptic malignant syndrome

Stop serotonergic agent Stop causative agents

Supportive care 
(aim to normalize vital signs)

Supportive care (possible ICU admission)

Sedation with benzodiazepines Medical therapy (dantrolene, bromocriptine, amantadine)

Medical therapy (cyproheptadine) Consider ECT (unclear efficacy)

ECT: electroconvulsive therapy

Source: Reference 17
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Serotonin syndrome (SS) and neuroleptic malignant syn-
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leads to further upregulation, and ultimately more serotonin 
transmission. This can be caused by monotherapy or use of 
multiple serotonergic agents, polypharmacy with a combina-
tion of medication classes, drug interactions, or overdose. The 
wide variety of medications often prescribed by different clini-
cians can make identification of excessive serotonergic activity 
difficult, especially because mood stabilizers such as lithium,2 
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that Sternbach’s diagnostic criteria overem-
phasized an abnormal mental state (leading 
to possible confusion of SS with other AMS 
syndromes), the Hunter serotonin toxicity 
criteria6 (Figure,6 page 32) were developed in 
2003, and were found to be more sensitive 
and specific than Sternbach’s criteria. Both 
tools are often used in clinical practice.  

Treatment. Treatment of SS begins with 
prompt discontinuation of all sero tonergic 
agents. The intensity of treatment depends 
on the severity of the symptoms. Mild 
symptoms can be managed with sup-
portive care,3 and in such cases, the syn-
drome generally resolves within 24 hours.7 
Clinicians may use supportive care to nor-
malize vital signs (oxygenation to maintain 
SpO2 >94%, IV fluids for volume depletion, 
cooling agents, antihypertensives, benzodi-
azepines for sedation or control of agitation, 
etc.). Patients who are more ill may require 
more aggressive treatment, such as the use 
of a serotonergic antagonist (ie, cyprohep-
tadine) and those who are severely hyper-
thermic (temperature >41.1ºC) may require 
neuromuscular sedation, paralysis, and 
possibly endotracheal intubation.3

Management pitfalls include misdiag-
nosis of SS, failure to recognize its rapid 
rate of progression, and adverse effects of 
pharmacologic therapy.3 The most effective 
treatment for SS is prevention. SS can be 
prevented by astute pharmacologic under-
standing, avoidance of polypharmacy, and 
physician education.3 

Neuroleptic malignant syndrome 
Possible mechanisms. Neuromuscular 
malignant syndrome is thought to result 
from dopamine receptor antagonism lead-
ing to a hypodopaminergic state in the 
striatum and hypothalamus.8 The patho-
physiology behind NMS has not fully been 
elucidated; however, several hypotheses 
attempt to explain this life-threatening reac-
tion. The first focuses on dopamine D2 
receptor antagonism, because many of the 
neuroleptic (antipsychotic) medications 
that can precipitate NMS are involved in 
dopamine blockade. In this theory, blocking 
dopamine D2 receptors in the anterior hypo-
thalamus explains the hyperthermia seen in 
NMS, while blockade in the corpus striatum 
is believed to lead to muscle rigidity.9 

Clinical Point

SS treatment ranges 
from supportive 
care to use of a 
serotonergic antagonist, 
neuromuscular 
sedation, and 
intubation

Table 4

Differentiating neuroleptic malignant syndrome and serotonin syndrome
Factor Serotonin syndrome Neuroleptic malignant syndrome

Causative medications Serotonergic agents Dopamine antagonists

Physical exam findings Hyperreflexia, myoclonus, ocular 
clonus

Severe rigidity (lead pipe), hyporeflexia

Laboratory findings More commonly no lab findings More commonly increased creatine 
kinase, leukocytosis, low serum iron

Course of illness Symptoms seen within 24 hours 
of starting/changing therapy and 
resolves within a few days of 
treatment

Slower in onset (1 to 2 weeks after 
starting/changing therapy) and 
resolves within 9 to 14 days of 
treatment

Source: Reference 17

Table 3

Medications that can cause neuroleptic malignant syndrome
Class Medications

Neuroleptic agents Aripiprazole, chlorpromazine, clozapine, fluphenazine, haloperidol, olanzapine, 
paliperidone, perphenazine, quetiapine, risperidone, thioridazine, ziprasidone, 
amisulpride, zotepine 

Antiemetic agents Domperidone, droperidol, metoclopramide, prochlorperazine, promethazine
Source: Reference 1
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later, the unactivated thion will require activation to cause clinical 
manifestations. 

 Thion OPs are activated by cytochrome P450 (CYP) enzymes in 
the liver and intestinal mucosa. The precise CYP enzymes responsible 
appear to vary according to the concentration of the OP. For example, 
chlorpyrifos, diazinon, parathion, and malathion are all activated by 
CYP1A2 and CYP2B6 at low concentrations.  27,    28   However, at the higher 
concentrations more likely after self-poisoning, CYP3A4 becomes 
dominant. The particular enzymes involved in metabolism of the active 
oxon to inactive metabolites are less clear. 

 Studies have investigated possible relationships between human 
serum paraoxonase (PON) activity and susceptibility to acute and 
chronic effects of organic phosphorus poisoning.  37,    168,    170   PON can 
hydrolyze the active (oxon) metabolites of some OPs. Activity differs 
significantly among animal species. Some animal models of organic 
phosphorus poisoning demonstrate protection from toxicity when 
exogenous PON is administered, and greater susceptibility to poison-
ing when enzyme-deficient animals (such as genetically engineered 
knockout mice) are exposed.  168   Some authors have postulated that 
genetic polymorphisms in human PON activity may lead to variations 
in interindividual susceptibility to some OPs.  37    

  CARBAMATES  !
 Carbamates are absorbed across skin and mucous membranes, and by 
inhalation and ingestion. Peak blood cholinesterase inhibition occurs 
within 30 minutes of oral administration in rats.  143   Most carbamates 
undergo hydrolysis, hydroxylation, and conjugation in the liver and 
intestinal wall, with 90% excreted as metabolites in the urine within 
3 to 4 days.  15   

 There is a view that carbamates, unlike OPs, do not easily enter 
the brain. However, carbamates cause central nervous system (CNS) 
depression in humans  152   and are lipophilic,  17   and rat studies show 
inhibition of brain cholinesterases with multiple carbamates.  143   
Furthermore, postmortem studies have shown high concentrations of 
carbamates in cerebrospinal fluid (CSF) and brain.  92,    131,    132   The evidence 
at present therefore suggests that they do not differ from OPs other 
than with regard to aging.   

  PATHOPHYSIOLOGY  !
 Acetylcholine is a neurotransmitter found at both parasympathetic 
and sympathetic ganglia, skeletal neuromuscular junctions (NMJs), 
terminal junctions of all postganglionic parasympathetic nerves, 
 postganglionic sympathetic fibers to most sweat glands, and at some 
nerve endings within the CNS ( Fig. 113–5 ).  200   As the axon terminal 
is depolarized, vesicles containing ACh fuse with the nerve terminal, 
releasing ACh into the synapse or NMJ. ACh then binds postsynaptic 
receptors leading to activation (G proteins for muscarinic recep-
tors and ligand-linked ion channels for the nicotinic receptors). 
Activation alters the flow of K + , Na + , and Ca 2+  ionic currents on nerve 
cells, and alters membrane potential of the postsynaptic membrane, 
resulting in propagation of the action potential. 

 Organic phosphorus insecticides and carbamates are inhibitors of 
carboxylic ester hydrolases within the body, including variably AChE 
(Enzyme Commission [EC] number 3.1.1.7), butyrylcholinesterase 
(plasma or pseudocholinesterase; BuChE; EC number 3.1.1.8), plasma 
and hepatic carboxylesterases (aliesterases), paraoxonases (A-esterases), 
chymotrypsin, and other nonspecific proteases.  31   

 AChE hydrolyzes ACh into two inert fragments: acetic acid and cho-
line. Under normal circumstances, virtually all ACh released by the axon 
is hydrolyzed almost immediately, with choline undergoing reuptake into 
the presynaptic terminal and being used to resynthesize ACh.  200   AChE is 
found in human nervous tissue and skeletal muscle, and on erythrocyte 
(red blood cell [RBC]) cell membranes.  123   Acutely, RBC AChE activity 
correlates well with the function of nervous system AChE.  185   

 BuChE is a hepatic-derived protein that is found in human plasma, 
liver, heart, pancreas, and brain. Although the function of this enzyme 
is not well understood, its activity can be easily measured and has 
important clinical implications in anesthesia (Chaps. 66 and 68). 

 Inhibition of AChE is generally thought to account for all, or the 
majority, of clinical features of both OP and carbamate poisoning. 
However, many other enzymes are also inhibited.  31   The clinical effects 
of these interactions are not yet understood. 

 In addition, people ingest formulated OPs rather than pure active 
ingredient. OPs sold for agricultural use are typically emulsifiable con-
centrates in which an active ingredient such as dimethoate is mixed with 
an organic solvent such as xylene or cyclohexanone and a  surfactant/
emulsifier. Unfortunately, the xenobiotics used for coformulation are 
highly variable, being optimized by each company for each OP. As a 
result, coformulants often differ between the same OP produced by two 
companies, and for two OPs produced by one company. 

 The clinical effect of poisoning with these coformulants, in addition 
to the carbamate or OP, is poorly studied and uncertain. Complications 
of surfactant poisoning have been well described in glyphosate poison-
ing  24   but not with OPs. The acute toxicity of the solvents appears to 
be low—for example, the rat oral LD 50 s for xylene and cyclohexanone 
are 4000-5000 and 1620 mg/kg, respectively. However, early respira-
tory arrest occurred in minipigs poisoned by dimethoate formulated 

FIGURE 113–4.        General structure of carbamate insecticides.  

FIGURE 113–5.        Pathophysiology of cholinergic syndrome as it affects the auto-
nomic and somatic nervous systems.  Goldfrank’s	Toxicologic	emergencies	10th	
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Cholinergic	toxidrome	

•  Excessive	s;mula;on	of	nico;nic	and	muscarinic	
acetylcholine	receptors	

•  Usually	from	blockade	of	acetylcholinesterase	leading	to	
excessive	free	acetyl-	choline	molecules	ac;ng	on	the	
receptors	



Cholinergic	toxidrome	

•  Medica;on:	
–  Alzheimer's	meds	(donepezil)	
– Myasthenia	gravis	meds	(pyridos;gmine)	

•  Chemicals:	
–  Organophosphates	
–  Carbamates	

•  Treatment:	
–  An;dote:	Atropine,	2PAM	
–  Suppor;ve	care	
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is currently controversial, and it is premature to rec-
ommend the administration of activated charcoal 
by EMS personnel.35 The clinical effi cacy of pre-
hospital administration of activated charcoal (AC) 
has not been demonstrated. The majority of patients 
are resistant to ingestion of AC. In a recent study, 
it was shown that 60% of children less than 3 years 
old drank less than one quarter of the recommend-
ed dose of AC.37 The administration of charcoal is 
contraindicated in any person who demonstrates 
compromised airway protective refl exes unless he or 
she is intubated.38 Intubation will reduce the risk of 
aspiration pneumonia but will not totally eliminate 
its occurrence.39 Charcoal is also contraindicated 
in persons who have ingested corrosive substances 
(acids or alkalis). Charcoal not only provides no 
benefi t in a corrosive ingestion, but its administra-
tion could precipitate vomiting, obscure endoscopic 
visualization, or lead to complications if a perfora-
tion develops and charcoal enters the mediastinum, 
peritoneum, or pleural space. Charcoal should be 
avoided in cases of pure aliphatic petroleum distil-
late ingestion. Hydrocarbons are not well adsorbed 
by activated charcoal, and its administration could 
lead to further aspiration risk.

Antidotes
The number of pharmacologic antagonists or antidotes 
that EMS personnel may have access to in prehospital 
management is quite limited. There are few agents that 
will rapidly reverse toxic effects and restore a patient 
to a previously healthy baseline state. Administering 
some pharmacologic antagonists actually may worsen 
patient outcome compared with simply optimizing ba-
sic supportive care. As a result, antidotes should be used 
cautiously and with clearly understood indications and 
contraindications. Table 32.7 gives a list of potential an-
tidotes available to EMS providers.

Atropine
Atropine is the initial drug of choice in symptomatic pa-
tients poisoned with organophosphates or carbamates. 
Atropine acts as a muscarinic receptor antagonist and 
blocks neuroeffector sites on smooth muscle, cardiac 
muscle, secretory gland cells, peripheral ganglia, 
and in the central nervous system (CNS). Atropine 
is therefore useful in alleviating bronchoconstriction 
and bronchorrhea; relieving tenesmus, abdominal 
cramps, nausea, and vomiting; resolving bradydys-
rhythmias; and halting seizure activity. Atropine can 

Antidotes

TABLE 32.7

Agent or Clinical Finding Antidote

Acetaminophen N-acetylcysteine
Benzodiazepines Flumazenil*
Beta-blockers Glucagon*
Cardiac glycosides Digoxin immune Fab
Crotalid envenomation Crotalidae polyvalent immune Fab
Cyanide Hydroxocobalamin*
Ethylene glycol Fomepizole
Iron Deferoxamine
Isoniazid Pyridoxine
Methanol Fomepizole
Methemoglobinemia Methylene blue
Opioids Naloxone*
Organophosphates 1. Atropine*

2. Pralidoxime*
Sulfonylureas 1. Glucose*

2. Octreotide

*Antidotes that may be available to EMS personnel
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ACMT 
Antidote Card 

*This antidote card is for information only and is not meant to
substitute for medical judgment or toxicology consultation.
For patient care issues please contact your local toxicologist
or poison center at 1-800-222-1222� 

GI DECONTAMINATION 

LAVAGE (OROGASTRIC LAVAGE WITH LARGE BORE TUBE) 
Adult:  36-40 Fr 
Child: no less than 22 Fr 
• Consider airway protection
• Rarely indicated
Contraindications: Caustics, large or sharp foreign body,
can’t protect airway, toxin not in stomach 

Activated Charcoal 
Dose: 1 g/kg PO, ideally 10:1 charcoal:drug 
• Consider in recent (1-2 hr) ingestion of toxic substance

that adsorbs to charcoal and lack of contraindications
(caustics, AMS, vomiting, decreased GI motility) 

Multidose Activated Charcoal (MDAC) 
• Consider for ingestions with enterohepatic or 

enteroenteric circulation (phenytoin, phenobarbital,
carbamazepine, dapsone, theophylline, caffeine) 

Whole Bowel Irrigation 
Mechanical bulk cleansing of GI tract with polyethylene 
glycol solution (i.e. GoLytely™) 
• Consider for ingestions with delayed/prolonged

absorption, or body packers 
Adult: 2 liters/hr PO (+/- NGT, antiemetic) 
Child: 25 mL/kg/hr PO
Continue until rectal effluent is clear

N-ACETYLCYSTEINE (NAC, ACETADOTE™)
Indication: Acetaminophen Poisoning 
Oral dosing: 
140 mg/kg load then 70 mg/kg q 4 h x 17 doses 

IV dosing: 
Load:  150 mg/kg x 60 min 

Then:  50 mg/kg x 4 h 
Then: 100 mg/kg x 16 h 

CALCIUM 

Indication: Calcium Channel Blocker or Beta Blocker 
Poisoning 
Adult:  CaCl 10% 10 mL IV (1 gm) over 10-15min 
CaGluconate 10% 30 ml/dose IV (3 gms) over 5-10 min 
Peds: CaCl 10% 0.1-0.2 ml/kg IV (20 mg/kg) over 10-15 min 
CaGluconate 10% 0.2-0.5 ml/kg IV (20-50mg/kg) up to 10 
ml/dose over 5-10 min, not to exceed adult dose 
Infusion: 0.5 mEq/kg/hr IV = 0.2 - 0.4 mL/kg/hr of CaCl2 
(10%), or 0.6 - 1.2 mL/kg/hr of CaGluconate (10%) 

Indication:  Hydrofluoric Acid 
Dermal: 3.5 grams CaGluconate plus 5 oz 
water-soluble lubricant (KY jelly) 
• 1 g CaCl2 = 13.4 mEq elemental Ca
• 1 g CaGluconate = 4.3 mEq elemental Ca

GLUCAGON 
Indication: Calcium Channel Blocker or Beta Blocker 
Poisoning 
Adult: 50 µg/kg (max 10 mg) IV over 1-2 min, repeat q 10-15 
min 1-2 times PRN 

Then:  1-5 mg/h (max 10 mg/h) IV in D5W  Peds: 50
µg/kg IV load then 70 µg/kg/hr 

HIGH DOSE INSULIN EUGLYCEMIA (HIE) 

Indication: Calcium Channel Blocker or Beta Blocker 
Poisoning 
Dextrose: ± 25-50 g (0.5-1 g/kg) IV bolus 

 Then:  0.25-0.5 g/kg/h IV drip 
Insulin: 1 U/kg IV bolus 

Then:  0.5-1.0 U/kg/hour IV drip [mix as 500 U insulin  
in 50 mL NS (10 U/mL)] 

Increase if no effect in 15 minutes 
Titrate to 10 U/kg/hr 

• Check capillary glucose q 30 min initially

DIGOXIN-SPECIFIC FAB (DIGIBIND AND DIGIFAB) 

Indication: Digoxin and Cardiotoxic Steroid 
• Reconstitute with 4 ml sterile H2O
• IV over 30 min (IVP if critical)
Amount ingested known: 
# vials = [amount (mg)] x 0.8 / 0.5 mg 
Level known: 
# vials = [level (ng/ml)] x [weight (kg)] / 100
Unknown ingestion/level (empiric therapy):

Adult: 10 vials (acute); 3-6 vials (chronic) 
Peds: 1-2 vials 

CYANIDE ANTIDOTE KIT [HOPE NITHIODOTE KIT] 

Indication: Cyanide Poisoning 
• Consider in Smoke Inhalation with Hypotension and 

Lactic Acidosis 
Sodium Nitrite (NaNO2) 3% (30 mg/ml)  

Adult: 10 mL (300 mg) IV over 2-4 min  
Peds: ~0.2 ml/kg IV over 2-4 min 

Sodium Thiosulfate 25% (250 mg/ml) 
Adult: 50 mL (12.5 g) IV over 10-30 min 
Peds: 0.5 g/kg (2 mL/kg) IV as adult 

Warning: no nitrite if smoke/fire victim/CO exposure. 

HYDROXOCOBALAMIN (CYANOKIT™) 

Indication: Cyanide Poisoning 
Dose:  70 mg/kg (max 5 g) IV over 30 min 

Repeat prn (max total 15 g) IV over 6-8 h 

METHYLENE BLUE 

Indication: Methemoglobinemia 
IV:  1-2 mg/kg (0.1-0.2 mL/kg) of 1% over 5 min with 30 ml 

flush q 4 h (max 7 mg/kg) 
Neonate: 0.3-1 mg/kg IV 

DEXTROSE (GLUCOSE) 

Indication:  Hypoglycemic agents 
Dose: 0.5 -1.0 gram/kg, adjust based on size 

Adult: D50 (0.5 grams/ml) IV 
Peds: D25 (0.25 grams/ml) IV 
Neonates: D10 (0.1 grams/ml) IV 

Consider administering thiamine if deficient 
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OCTREOTIDE (SANDOSTATIN] 

Indication: Sulfonylurea Poisoning 
Adult:  50 µg SQ every 6 h  
Peds:  1.25 µg/kg (max adult) SQ every 6 h 
Continue therapy x 24h, then FSBG x 24 hours 
 
FOMEPIZOLE (ANTIZOL™) 

Indication: Methanol, Ethylene Glycol 
Load:  15 mg/kg IV in 100 ml NS x 30 min 
Maint: 10 mg/kg IV q12 hours  until level <20 mg/dL 
Hemodialysis: Give load if > 6 h since last dose 
 Maint: q 4 h during HD 
 At end, give scheduled dose if > 3 h 
 Or, ½ dose if 1-3 h since last dose 
 
ETHANOL (ETOH) 

Indication: Methanol, Ethylene Glycol 
IV: 10% ETOH (100 mg/ml) (may use 5%) 

Load: 0.8 g/kg (8 ml/kg) over 1 h 
Maint: 80-130 mg/kg/h (0.8-1.3 ml/kg/h) 
 Chronic: 150 mg/kg/h (1.5 ml/kg/h) 
 HD: 250-350 mg/kg/h (2.5-3.5 ml/kg/h) 

 
2-PAM (PRALIDOXIME CHLORIDE) 

Indication: Organophosphate poisoning 
Adult:  1-2 g (20-40 mg/kg) in 100 ml NS IV over 15-30 min 
 Maint: 8 to 10 mg/kg/h or 500 mg/h IV  
Peds:  20-40 mg/kg (max 2 gm] in 100 ml NS IV x 30-60min 
 Maint: 10-20 mg/kg/h IV 
 
ATROPINE 

Indication: Organophosphate/Carbamate Poisoning 
Adult:  1-2 mg (mild) or 3-5 mg (severe) IV 

Double q 3-5 min until dry 
Maint: 10-20% of load IV qh, titrate prn 

Peds:  20-50 µg/kg (min 0.1 mg/max 0.5 mg) IV 
 
NALOXONE (NARCAN™)  

Indication: Opioid Poisoning 
Adult:  Start at 0.04 -0.4 mg 
IV/IM/SQ/Intranasally/Intratracheal. Repeat dose if initial 
response not adequate, up to 10 mg total.  Titrate to RR ≥ 12 
and sufficient tidal volume. If opioid naive, can start with 0.4 
mg. 
Peds:  0.01 mg/kg IV (IM, SQ, Intraosseous, Intratracheal 
can be used but not preferred) if opioid naïve (0.001 mg/kg if 
opioid dependent) 
Titrate to 0.1 mg/kg IV if no effect 
Neonate: (asphyxia neonatorum) 0.01 mg/kg via umbilical 
vein (IM, SQ) q 2-3 min  
For recurrent resp depression consider infusion: 
2/3 of reversal dose infused hourly 
 
FLUMAZENIL (ROMAZICON™) 

Indication: Benzodiazepine Poisoning  
Initial: 0.2 mg IV @ 0.1 mg/min 
 May repeat with 0.3 mg, then 0.5 mg 
Infusion: 0.1-1.0 mg/h IV (in NS or D5W) 
 
PHYSOSTIGMINE (ANTILIRIUM™) 

Indication: Antimuscarinic Toxicity 
• For reversal of neurobehavioral effects 
• NO ECG evidence of TCA toxicity (+t40 aVR) 
• Atropine at bedside, cardiac monitor, oximetry 
Adult: 1-2 mg IV over > 5 min 
  May repeat in 5 – 10 minutes PRN 
Peds: 20 µg/kg (max 0.5 mg) as above 
 

 

FOLATE (FOLIC ACID) 

Indication: Methanol Poisoning  
 1-2 mg/kg (50-75 mg) q 4 h x 24h 
 Extra dose at completion of hemodialysis 
 
LEUCOVORIN (FOLINIC ACID) 

Indication: Methotrexate Poisoning 
Dose: MTX plasma level or 100 mg/m2 IV over 15-30 min 
(max 160 mg/min) q 3-6 h x several days or until serum MTX 
< 10 nmol/L or < 100 nmol (in cancer) and no bone marrow 
toxicity 
 
SODIUM BICARBONATE (NAHCO3) 
8.4% (1 M) 50 ml ampule = 50 mEq 
7.5% (0.892 M) 50 ml ampule = 44.6 mEq  
 Bolus: 1-2 mEq/kg IVP over 1-2 min 
 Infusion: 2-3 amps in 1 L D5W @ 150-200 mL/h (2x 

maintenance in peds) 

Indication: Tricyclic Antidepressant and other Sodium 
Channel Blocker Poisoning 
• Goal is QRS narrowing 

Indication: SalicylatePoisoning or to alkalinize urine in 
specific toxins 
• Goal is urine pH 8.0 (alkalinization) 
• Must make sure serum K ~ 4.0 

Indication: Chlorine/Hcl Gas Inhalation 
• Consider 4% nebulized solution 
 
VITAMIN B6 (PYRIDOXINE) 

Indication: Ethylene Glycol Poisoning 
Adult:  50 mg IV q6h 

Indication: Isoniazid Poisoning 
 Known amt: 1 g per g of INH (max 5 g) 
 Unknown: 70 mg/kg IV at 0.5 g/min 

• Max 5 g, or until seizure stops 
• Remainder IV over 4-6 h 

 
VITAMIN K1 (PHYTONADIONE) 

Indication: Brodifacoum Poisoning 
Adult:  25-50 mg PO TID-QID x 1-2 d, then per INR 
 
L-CARNITINE 

Indication: Valproic Acid Poisoning 
Note: Optimal dosing for VPA toxicity not well established. 
Suggested dosing is below. 
Loading Dose: 100 mg/kg IV (max 6 g) over 15-30 min 
Then:15 mg/kg (max 3g per dose) IV q 4 h over 10-30 min 
Prophylaxis: 100 mg/kg/d PO ÷ q 6h (maximum 3g/day in 
adults and 2g/day in children)  
 
PROTAMINE SULFATE 

Indication:  Heparin Poisoning 
1 mg (max 50 mg) neutralizes 100 U heparin, or 100 anti-Xa 
U of dalteparin/tinzaparin, or 1 mg of enoxaparin 
 Load: 1% solution IV over > 10 min 
 Then: 0.5 mg/100 anti-Xa U if still bleeding 
 
INTRAVENOUS LIPID EMULSION 

Indication:  Local Anesthetic Toxicity (LAST) 
Loading Dose: 1.5 ml/kg of 20% solution over 1 minute. 
Bolus may be repeated for persistent dysrhythmia  
Infusion: 0.25 ml/kg/min over 30-60 minutes. Infusion rate 
can be increased if blood pressure declines.  
Indication:  Non-LAST with cardiovascular collapse   
Poorly studied. Consider for poisoning by drugs expected to 
be lipid soluble based on Log D, or Log P. See 
http://lipidrescue.org for further information. 
Consider same dosing as above for LAST. 
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