
RELEVANT HISTORY

Pesticides are the leading cause of fatality from acute
poisoning worldwide.1,2 In 1990, the World Health Orga-
nization (WHO) estimated that 3 million severe pesti-
cide poisonings occur annually and are associated with
up to 200,000 deaths.3 To better characterize and track
the epidemiology of these exposures, the WHO estab-
lished the International Programme on Chemical Safety

Poison Information Database Management (IPCS
INTOX) Pesticide Project in 2002.4 In the United States
alone, the Environmental Protection Agency (EPA) esti-
mates 10,000 to 20,000 physician-documented pesticide
exposures annually among 3,380,000 agricultural
workers. The EPA has instituted the Sentinel Event
Notification System for Occupational Risk (SENSOR)
Pesticides Program to monitor the incidence of these
exposures.5

Pesticides are a diverse group of chemicals designed
to kill and control various insects, animals, fungi, or
plants. Insecticides, or chemicals designed to kill insects,
are within the class of pesticides. Organophosphorus
compounds, organophosphates (OPs), and carbamates,
or other cholinesterase inhibitors, are the most
commonly used insecticides worldwide and account for
more human poisonings and death annually than any
other pesticide class.6 In 2004, there were 10,994 OP and
carbamate exposures reported to U.S. poison centers; 
70 (0.6%) resulted in major toxicity and 3 (0.3%) in
death.7 As potent eukaryotic toxins, OPs have been used
broadly, serving as both military-based nerve agents and
agricultural pesticides. Nerve agents have been in mili-
tary arsenals since World War II. One of these agents,
sarin, achieved international notoriety after its release 
by terrorists in Matsumoto and Tokyo in 19958 (see
Chapter 105A).

OP and carbamate insecticides are a mixed group 
of chemicals. OPs are derived from phosphoric acid–
containing compounds.9 The OPs achieved great
popularity after World War II because of their
effectiveness and lack of environmental persistence. For
the most part, they have an unstable chemical structure
and disintegrate into harmless by-products within days
under the influence of sunlight, oxygen, and reactive soil
chemicals.10 Except for the highly fat-soluble agents, OPs
are less persistent in body tissues and the environment
than dichlorodiphenyltrichloroethane (DDT) and other
organochlorines. Because of their lack of persistence,
OPs have replaced DDT as the insecticide agent of

At a Glance…

■ Organophosphate and carbamate compounds produce toxic
effects largely from inhibition of acetylcholinesterase.

■ Manifestations of poisoning are variable but commonly include
muscarinic signs (e.g., salivation, diaphoresis, abdominal
cramps, vomiting, diarrhea, bronchorrhea, bradycardia, miosis,
coma, seizures, apnea) and nicotinic signs (e.g., fasciculations,
flaccid paralysis, tachycardia).

■ The most common cause of death is respiratory failure
associated with refractory hypotension.

■ Treatment for poisoning from these agents includes health care
provider self-protection and patient airway protection;
administration of atropine, oximes, and benzodiazepines; and
decontamination.

■ Atropine is frequently underdosed in serious poisonings and
should be titrated to clearing of pulmonary secretions and
adequate oxygenation.

■ Atropine should be administered rapidly and in escalating
doses.

■ Benzodiazepines may be cerebroprotective and should be used
liberally in all severely ill patients.

■ Oxime therapy should be used in all patients requiring atropine.
■ Oxime therapy is recommended for all carbamate poisonings

with the exception of carbaryl.
■ Clinical findings suggestive of severe organophosphate

poisoning warrant immediate treatment presumptively, before
the results of lab testing are available.
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choice. Carbamates are commonly used both as
insecticides and medicinals for the treatment of human
disease. Pyridostigmine and neostigmine are both used
to treat myasthenia gravis, neostigmine has been
effective for adynamic ileus, and physostigmine is most
often used to treat the anticholinergic syndrome.
Donepezil and memantine, central nervous system
(CNS) reversible inhibitors of acetylcholinesterase, are
used to treat the relative acetylcholine deficiency existing
in Alzheimer’s disease.

The first OP, tetraethyl pyrophosphate (TEPP), was
synthesized in 1854, but the class was not actively used
commercially until World War II when the Germans used
TEPP as a substitute for the scarce botanic insecticide
nicotine. The human toxicity of OPs was exploited by the
Germans at the end of World War II with the devel-
opment of the nerve agents tabun, sarin, and soman
(GA, GB, and GD). The allies developed VX after the war
(see Chapter 105A).

OP poisoning can occur in various settings. Oc-
cupational exposures occur during application in farm
workers and pest control workers and during their
manufacture, storage, and transport. Children are
accidentally exposed to these agents through domestic
use or inappropriate home storage. Intentional or un-
intentional misuse and suicide gestures and attempts
account for the remainder of civilian cases. The toxicity

of OPs varies greatly. The most highly toxic group is used
primarily for agricultural and military purposes. Those
with lower toxicity are available for use by households
and commercially around populated areas. Table 76-1
lists some of the better-known commercial OPs, their
uses, and their relative human toxicity. Table 76-2 lists
some common commercial carbamates (in decreasing
order of toxicity).

STRUCTURE

OPs are a heterogeneous group of compounds but 
share some common chemical properties. OPs contain 
a central phosphorus atom with a double bond to either
oxygen (P=O) or sulfur (P=S), two organic side chains
(R1 and R2), and an additional side chain that becomes
the leaving group (X). The leaving group is specific to
the individual OP and may be a cyanide, thiocyanate,
halide, phosphate, phenoxy, thiophenoxy, or carboxylate
group (Fig. 76-1). The R1 and R2 groups are aryl or alkyl
groups and, in most of the common pesticides, are either
two methyl or two ethyl ester groups that form the
dimethyl (dimethoxy) or diethyl (diethoxy) OPs.
Carbamates are similar but have nitrogen bound to
oxygen or sulfur instead of a phosphoric acid residue
(Fig. 76-2).
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TABLE 76-1 Examples of Organophosphate Insecticides

ESTIMATED FATAL
COMMON NAME PRODUCT EXAMPLE CHEMICAL NAME ORAL DOSE (g/70 kg)

Agricultural Insecticides (high toxicity)

Tetraethyl pyrophosphate Miller Kilmite 40 Tetraethyl pyrophosphate 0.05

Phorate Thimet (American Cyanamid) 0,0,-Diethyl (S-ethylmercaptomethyl)
dithiophosphate

Parathion Niagara Phoskil Dust 0,0,-Diethyl-0-p-nitrophenyl 0.1
phosphorothioate

Phosdrin Mevinphos (Shell) Dimethyl-0-(1-methyl-2-carbomethoxy- 0.15
vinyl) phosphate

Disulfoton Disyston Diethyl-S-2-ethyl-2-mercaptoethyl 0.2
phosphorodithioate

Animal Insecticides (intermediate toxicity)

Coumaphos Co-Ral Animal Insecticide Diethyl-0-(3-chloro-4-methyl-7-coumarinyl)
phosphorothioate

Chlorpyrifos (Dursban) Rid-A-Bug (Kenco) 0,0-Diethyl-0-(3,5,6-trichloro-2-pyridyl)
phosphorothioate

Trichlorfon Trichlorfon Pour On (Hess & Clark) Dimethyl trichlorohydroxyethyl
phosphonate

Ronnel Korlan Livestock Spray (Dow) 0,0-dimethyl-0-(2,4,5-trichlorophenyl)
phosphorothioate

Household Use or Golf Course/Community Spray (low toxicity)

Diazinon Security Fire Ant Killer (Woolfolk) Diethyl-0-(2-isopropyl-4-methyl-6- 25.0
pyrimidyl) phosphorothioate

Malathion Ortho Malathion 50 Insect Spray Dimethyl-S-(1,2-bis-carboethoxy) 60.0
ethyl phosphorodithioate

Vapona (dichlorvos, DDVP) Shell No-Pest Strip 0,0-Dimethyl-0-2,2-dichlorovinyl
phosphate

Acephate Chevron Orthene 0,S-Dimethylacetylphosphoramidothioate
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adults may vary from a few milligrams for the highly toxic
agents (e.g., TEPP) to 50 g for the low-toxicity agents
(e.g., malathion). Nerve agents are even more potent,
with as little as 1 mg of sarin or soman being lethal to
adult humans after inhalation of its vapors.13 For nerve
agents and other highly volatile or aerosolized OPs,
toxicity is designated by a concentration time (Ct)
variable that is a better measure of exposure by
inhalation. For nerve agents, the lethal Ct50 ranges from
10 to 400 mg/min/m3 (see Chapter 105A).14

Most OPs are effectively absorbed by all routes—
dermal, respiratory, gastrointestinal, and conjunctival.
The rapidity of onset and severity of effects may vary 
after exposure by different routes. The most common
route of exposure is dermal, as occurs from most oc-
cupational and accidental poisonings. Most suicide
attempts result from ingestion. Inhalation exposure 
may occur when agricultural pesticides (malathion and
parathion) are dispersed as aerosols of solids in a 
liquid carrier or as a dust. Liquids may be mixed in 
a hydrocarbon vehicle for easy dispersal. The latter may
facilitate absorption and add to the toxic effects (e.g.,
pulmonary toxicity). Aerosols can be absorbed through
the skin, mucous membranes, and lungs, whereas liquids
can be absorbed through the skin or ingested. Breaks 
in the skin may enhance absorption, and hot, humid
environments or persistent skin contact can enhance
toxicity. Gaseous, aerosolized, or dust forms of OPs have
a rapid onset of action because they are taken im-
mediately into the pulmonary circulation, leading to
shortness of breath, bronchorrhea, bronchoconstriction,
and rapid development of systemic signs and symptoms.
Liquid and aerosolized forms can be absorbed through
the skin; absorption depends on agent volatility, ambient
temperature, and lipophilicity. These agents may show
immediate local effects (local fasciculations and dia-
phoresis) or have delayed systemic effects. Ingested
agents tend to have a rapid onset of action. Many OPs 
are highly lipophilic, which enhances their dermal ab-
sorption. High lipophilicity may also lead to agent
sequestration in body fat stores and result in delayed 
and erratic toxicity that could occur for several days 
to weeks after initial exposure.

After absorption, OPs are commonly metabolized 
by hepatic oxidation, hydrolysis, and conjugation with
glutathione. Some agents may undergo glucuronidation
and demethylation. Oxidation occurs through the cyto-
chrome P-450 system and often leads to bioactivation, or
production of a more reactive oxon metabolite. Serum
enzymes such as paraoxonase 1 (PON1) contribute to
endogenous hydrolysis of several OPs, lipids, and 
other prodrugs.15 Most OPs are rapidly degraded and
eliminated in the urine; some may be detectable more
than 48 hours after exposure.16 OPs that are metabolized
to para-nitrophenol, however, can be detected by
measuring this metabolite in the urine. There is 
a rough correlation between the excretion of para-
nitrophenol and the occurrence of illness.17 Because the
effect of cholinesterase inhibition is cumulative, toxicity
may be evident after complete elimination of the OP,
particularly with the fat-soluble agents.

PHARMACOKINETICS

Organophosphorus agents are a diverse group of 
agents with widely variable human toxicity. The toxicity 
is largely determined by the individual agent, formula-
tion, dose, route of exposure, duration of contact, and
health status of exposed individuals. Estimates of relative
human toxicity are typically based on the acute oral LD50
measured in rats. The WHO updated its toxicity ratings
in 2002 and classified agents as extremely hazardous (Ia)
(liquid state: LD50 < 20 mg/kg); highly hazardous (Ib)
(20–200 mg/kg); moderately hazardous (II) (200–2000
mg/kg); and slightly hazardous (III) (>2000 mg/kg).11

Extremely and highly hazardous agents are designated as
“Poison or Toxic” on commercial labels. The WHO
classification is different from that promulgated by the
EPA, which classifies OP compounds as high toxicity (rat
LD50 < 50 mg/kg), intermediate or moderate toxicity
(LD50, 50–1000 mg/kg) and low toxicity (LD50 > 1000
mg/kg)12 (see Table 76-1). Thus, lethal doses for human

TABLE 76-2 Carbamate Insecticides

COMMERCIAL NAME CHEMICAL

Temik Aldicarb
Matacil Aminocarb
Vydate Oxamyl
Isolan Isolan
Furadan Carbofuran
Lannate Methomyl
Zectran Mexacarbate
Mesurol Methiocarb
Dimetilan Dimetilan
Baygon Propoxur
Sevin Carbaryl

From Coye MJ, Barnett PJ, Midtling JE, et al: Clinical confirmation of
organophosphate poisoning by serial cholinesterase analyses. Arch
Intern Med 1987;147:438.
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Although OP and carbamate insecticides are rapidly
absorbed through dermal, respiratory, gastrointestinal
(GI), and conjunctival routes, all OPs must be in the
oxon formation (P=O) to inhibit acetylcholinesterase.
Those agents that do not initially have the phosphorus
bound to oxygen, such as the phosphorothioate (P=S),
are metabolized by the hepatic cytochrome P-450 system
into the activated oxon.9 Parathion and malathion are
examples of oxon activation; they must first be converted
to paraoxon and malaoxon, respectively (by substitution
of an oxygen for sulfur), to be physiologically active.
Because of this activation step, the rapidity of symptom
onset after OP exposure is partially dependent on the
OP’s initial state. Rate of activation and rate of enzyme
inhibition may be equally important for toxicity. For
example, in Sri Lanka, patients with dimethoate
ingestions presented extremely ill but had acetylcho-
linesterase levels about one third to one fourth of nor-
mal, whereas patients similarly ill from chlorpyrifos and
fenthion had almost no detectable cholinesterase levels.
Most deaths from dimethoate occurred 24 to 36 hours
after ingestion, at a time when their enzyme activity was
continuing to decrease. All agents shared similar solvents,
and the difference may reflect the low fat solubility of
dimethoate, leading to a higher blood concentration.18

OPs that are already in the oxon form may cause
symptoms earlier than those that need metabolic
activation. However, some agents, such as parathion, are
rapidly activated and can produce symptoms in less than
30 minutes.19 Most OPs are readily lipid soluble, but
certain agents (i.e., azinophos-ethyl, bromophos-ethyl,
chlorpyrifos, coumaphos, diazinon, parathion, phosalone,
sulfotep, and fenthion and chlorfenthion) are highly
lipid soluble and tend to accumulate in adipose tissue.15

Initial exposure may not lead to acute signs and symp-
toms of toxicity. After agent bioaccumulation and a time
delay, the signs and symptoms of toxicity become evident.9

Carbamates have rapid onset but are less fat soluble.
They may significantly inhibit acetylcholinesterase but
undergo spontaneous hydrolysis with resumption of
enzyme activity, usually within 24 hours. This is not an
absolute, as some carbamates, such as carbosulfan, may
have prolonged systemic effects.20

PHARMACOLOGY AND
PATHOPHYSIOLOGY

OPs and carbamates produce toxicity by binding to 
and inhibiting the action of acetylcholinesterase at its
serine active site. Acetylcholine accumulates at nerve 
terminals, initially stimulating, then paralyzing, cholin-
ergic neurotransmission at both central and peripheral
nicotinic and muscarinic receptors. Under normal
physiologic conditions, acetylcholinesterase hydrolyzes
acetylcholine into two primary inert fragments, acetic
acid and choline, decreasing postsynaptic effect and
neurotransmission and generating choline for reuptake
and resynthesis. When acetylcholinesterase is inhibited,
acetylcholine cannot be broken down and accumulates
at the nerve or myoneural terminal, leading initially to

postsynaptic excitation followed by inactivation of the
synapse or myoneural junction.21 Inactivation occurs
from depolarizing blockade at postsynaptic receptors.

True acetylcholinesterase (E.C. 3.1.1.7) is important
for physiologic neurotransmission and is found primarily
in nervous tissue but is also expressed on the surface of
red blood cells (erythrocyte or red blood cell cholines-
terase). Pseudocholinesterase or butyrylcholinesterase 
is found in serum and the liver and is important in 
the metabolism of xenobiotics. Erythrocyte acetylcho-
linesterase activity closely mimics neuronal acetyl-
cholinesterase and is a more accurate measure of its
physiologic activity.22-24 Because butyrylcholinesterase
(EC 3.1.1.8) measurements are technically simpler to
perform, this is the more readily available assay in
hospitals and in the field.25

Acetylcholinesterase is a convoluted protein structure
with a pit containing a serine binding site and a catalytic
site. Initially, the electrophilic OP oxon forms a reversible
Michaelis-Menten complex, binding to the serine
enzymatic active site followed by rapid phosphorylation
of the serine residue. Once this happens, the leaving
group (X) on the OP is released. As this reaction occurs,
the OP becomes covalently bound to the enzyme, sitting
in the pit and changing the conformation of the enzyme,
preventing the active site from binding acetylcholine,
and subsequently inhibiting catalytic activity.26 The
organophosphorylated enzyme can then undergo two
different reactions. The enzyme can become “aged” or
irreversibly bound and inactivated by cleavage of one 
of the R groups. This dealkylation process leads to a
monosubstituted phosphoric acid residue that remains
firmly attached to the enzyme. The rate of aging depends
on the specific OP agent. Alternatively, reactivation of
the enzyme can occur when the bond between the serine
and organophosphorus moiety hydrolyzes. Enzyme
reactivation occurs spontaneously at an extremely slow
rate for diethyl-containing organophosphates or may be
markedly accelerated with the addition of a nucleophilic
oxime. The rate of reactivation and irreversible inacti-
vation by aging is highly dependent on the attached 
R groups. Smaller side groups allow for more rapid
reactivation and aging, whereas the presence of
branched side chains provides steric hindrance and
greater bond stability, thereby delaying reactivation and
aging.27 For instance, dimethyl OPs have significantly
faster rates of spontaneous reactivation and aging (half-
lives of about 0.7 hours and about 3.7 hours, respec-
tively) than diethyl OPs (half-lives of 31 hours and 33
hours, respectively). Although dimethyl phosphorylated
OPs age more rapidly than diethyl OPs, they are
relatively resistant to oxime therapy, particularly pra-
lidoxime. Although there is more time to reactivate
diethyl OPs, they require significantly more oxime to
achieve this reactivation.9,28 Regardless of these differen-
ces, however, once the enzyme has “aged,” it is no longer
susceptible to reactivation by endogenous hydrolysis or
oxime therapy.9,29

Carbamates bind to the same binding site of acetyl-
cholinesterase by carbamylation (C-O bond). The
carbamate–acetylcholinesterase covalent bond is not as
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agents that require bioactivation or prolonged elimina-
tion (e.g., fenthion) may lead to recurrent or delayed
clinical toxicity. This is because the newly regenerated
enzyme becomes reinhibited as the OP leaches out of the
fat tissue or is bioactivated over a longer period of time.

The signs and symptoms of OP intoxication result
from the overabundance of acetylcholine. This leads to
initial excitation followed by paralyzed neurotransmission
at cholinergic synapses.26 Cholinergic neurotransmission
occurs throughout the CNS, at the parasympathetic
nerve endings, at a few sympathetic nerve endings 
such as the sweat glands (muscarinic effects), and in 
the somatic nerves (e.g., neuromuscular junction) and
ganglionic synapses of autonomic ganglia (nicotinic
effects). The signs and symptoms of OP poisoning are an
expression of acetylcholine excess at numerous different
nerve terminals (Table 76-3) and can manifest predomi-
nantly as muscarinic or nicotinic effects, or as a combi-
nation of both. The effects of OPs on acetylcholinesterase
affect m-receptors differently than n-receptors and may
account for some of the clinical variation. The OP effect
on cholinesterase affecting m-receptors appears to be
long-lasting, whereas n-receptors rapidly desensitize.
Acetylcholine overstimulation at the neuromuscular
junction leads to depolarization inactivation of myocytes;
repolarization and, thus, recontraction are inhibited.
This leads to muscle paralysis. In addition, the
cholinergic nervous system has significant interplay with
other neurotransmitters (i.e., γ-aminobutyric acid
[GABA]) and results in additional toxic effects. CNS
effects result largely from m-receptor stimulation but
also occur from activation of n-receptors and N-methyl-d-

strong as that produced by OPs (P-O or P-S bond). Because
of this, spontaneous hydrolysis or decarbamylation occurs
more readily, usually reactivating acetylcholinesterase
within 24 hours. Some carbamates may take longer to
spontaneously hydrolyze. For example, in Sri Lanka,
carbofuran-poisoned patients required ventilatory support
for up to 48 to 72 hours.17 Carbamylated acetylcholin-
esterase does not undergo irreversible binding or “aging”
and can be reactivated using oximes.24,30,31

Acetylcholinesterase inhibition is not an equilibrium-
dependent reaction and is most sensitive to the con-
centration of OP present at the enzyme interface. After 
a person is exposed to an OP, the formation of oxon
peaks and then declines in the serum. However, even
with a declining OP and oxon serum concentration, 
acetylcholinesterase inhibition continues to increase
because this reaction proceeds by covalent binding.
Physiologically, the exposed individual can continue to
function normally until a minimum amount of func-
tioning acetylcholinesterase is left unbound. Once this
threshold has been reached, even removal of circulating
OP will not enhance enzyme function. Enzyme catalysis
then becomes entirely dependent on the restoration of 
a critical mass of uninhibited acetylcholinesterase. How-
ever, if the phosphorylated acetylcholinesterase can un-
dergo a rapid endogenous reactivation such as with some
dimethoxy OPs, then removal of the offending agent
may contribute to recovery, but this is not true for
dimethoate. The ability of a nucleophilic oxime to re-
activate the enzyme depends then on the structure of 
the OP bound to acetylcholinesterase, the time that the
reactivator is present at the site, and the concentration of
the reactivator.9,28

The actual process of reactivating the phosphorylated
acetylcholinesterase with a nucleophilic oxime involves
formation of an intermediate step. At some point, a tran-
sient complex forms consisting of the phosphorylated
enzyme and oxime. Because formation of this complex
undergoes saturation kinetics, further increases in oxime
concentration does not enhance reactivation. After the
oxime has pulled off the OP from the enzyme, the phos-
phorylated oxime complex becomes a strong inhibitor of
acetylcholinesterase. In addition, oximes themselves can
inhibit acetylcholinesterase. The net effect is that even
during treatment of an OP-inhibited enzyme with an
oxime, there may be a transient, but undocumented,
increase in inhibited acetylcholinesterase and worsening
of symptoms.9 This has not been shown to occur with
pralidoxime because the phosphorylated oxime formed
is very unstable, transiently present, and likely without
clinical effect. More likely, there is no net difference. If
the oxime removes the organophosphate from acetyl-
cholinesterase and forms an active phosphorylated
oxime, it can still only react with one acetylcholinesterase
molecule so the stoichiometry remains unchanged
(personal communication, Peter Eyer, 2006). Obidoxime
produces a much more stable phosphorylated oxime and
could have clinical consequences. This, however, has not
yet been documented in vivo in humans.32

Despite oxime treatment, poisoning with highly fat-
soluble agents (e.g., fenthion) or large exposures to
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TABLE 76-3 Clinical Effects of Organophosphate
Poisoning (Acetylcholine Excess)

ANATOMIC SITE
OF ACTION SIGNS AND SYMPTOMS

Muscarinic Effects

Sweat glands Sweating
Pupils Constricted pupils
Lacrimal glands Lacrimation
Salivary glands Excessive salivation
Bronchial tree Wheezing
Gastrointestinal Cramps, vomiting, diarrhea,

tenesmus
Cardiovascular Bradycardia, decrease in blood

pressure
Ciliary body Blurred vision
Bladder Urinary incontinence

Nicotinic Effects

Striated muscle Fasciculations, cramps, weakness,
twitching, paralysis, respiratory
embarrassment, cyanosis, arrest

Sympathetic Tachycardia, elevated blood
ganglia pressure

Central Nervous Anxiety, restlessness, ataxia,
System Effects convulsions, insomnia, coma, absent

reflexes, Cheyne-Stokes respirations,
respiratory and circulatory depression



aspartate (NMDA) glutamate receptors and inhibition of
central GABA neurotransmission.19,33,34

After the OP–acetylcholinesterase complex has
undergone complete aging, enzyme resynthesis is the
only means to restore acetylcholinesterase function. This
may take weeks to months and necessitate prolonged
pulmonary support for patients until sufficient enzyme
resynthesis has occurred.9

TOXICOLOGY

Clinical Presentation
The onset and severity of clinical effects is variable and
depends on the identity of the agent, its formulation,
and the dose, duration, and route of exposure. Initial
symptoms may range from mild to immediately life
threatening. The most rapid onset of symptoms occurs
with inhalation, and the slowest with dermal exposure.
The onset of clinical effects may take up to 24 hours 
after skin exposure to highly lipophilic agents that
require bioactivation. In contrast, systemic effects and
respiratory arrest can occur within minutes of inhalation
of an aerosol or vapor of nerve agents. After OP inges-
tion, clinical effects usually occur within 30 to 90 mi-
nutes. Although OP toxicity generally occurs within 4 
to 12 hours, full-blown toxicity may not manifest for 
24 hours.35

Stimulation of the muscarinic parasympathetic system
will cause miosis, bradycardia, hypotension, broncho-
constriction, hyperactivity of GI smooth muscle, and
oversecretion of the exocrine glands (salivary, lacrimal,
bronchial, and pancreatic). Stimulation of the autonomic
ganglia (nicotinic effects) produces sympathomimetic
effects that include tachycardia, hypertension, and
mydriasis. Nicotinic effects at the neuromuscular
junction lead to muscle weakness, fasciculations, and
muscle paralysis. This is also known as type I paralysis.18

(see Table 76-3). GI symptoms are the most common
manifestations early after ingestion of OPs. Aerosol 
exposure typically presents with respiratory and ocular
complaints, whereas dermal exposure may cause
localized fasciculations and sweating. The wide and
mixed spectrum of clinical effects that occur with signi-
ficant exposures may lead to misdiagnosis. In one study,
16 of 20 transfer patients were incorrectly diagnosed as
having other conditions.36 The presence of excessive
salivation, lacrimation, fasciculations, noncardiogenic
rales or rhonchi, and muscle weakness during the initial
phase of poisoning is suggestive of OP poisoning. Miosis,
a typical muscarinic sign, is not always present because
mydriasis may result from concomitant and over-
riding nicotinic stimulation. Senanayake and colleagues
developed a nonvalidated scoring system for organ-
ophosphorus intoxications called the Peradeniya Organo-
phosphorus Poisoning Scale (POP Scale).37 This system
ranks the severity of poisonings using five clinical signs
(miosis, bradycardia, heart rate, level of conscious-
ness, and respiratory rate). Each sign is graded on 
a scale from 0 to 2, with an additional point given for those

that seize. Based on results from the initial study, severe
intoxications (score of 8 to 11) have a higher mortality
rate, greater need for ventilatory support, and higher
dose of atropine in the first 24 hours.

CNS effects generally include anxiety, restlessness,
agitation, slurred speech, ataxia, confusion, lethargy,
stupor, coma, seizures, and centrally mediated res-
piratory depression.38 In addition, chorea, psychosis,
depression, and choreoathetosis have been described.39

Muscle weakness and paralysis develop in severe ex-
posures. The most common cause of death is primary
respiratory failure with subsequent cardiac arrest.40 Early
respiratory failure is largely mediated by CNS respiratory
center depression from increased, uncoordinated CNS
muscarinic neuronal activity.19,26 In animal studies, such
early respiratory depression can be prevented by anti-
cholinergic agents that cross the blood-brain barrier.26

Peripheral nicotinic and muscarinic effects contribute to
respiratory failure and include excessive oral and
tracheobronchial secretions, laryngospasm, broncho-
constriction, and paralysis of the diaphragm and inter-
costal muscles. There may be additional noncholinergic-
mediated effects.34

Other findings associated with acute OP intoxication
include hyperamylasemia with or without clinical pan-
creatitis.41 Electrocardiogram abnormalities have been
reported and include conduction disturbances (e.g.,
atrioventricular block, ST-segment elevation, QTc
prolongation) and arrhythmias (e.g., supraventricular
and ventricular dysrhythmias, including torsades de
pointes).42,43

Diagnosis
The diagnosis of acute OP poisoning is made clinically
and based on history and suggestive physical findings.
The diagnosis should be considered whenever a patient
presents with the cholinergic toxidrome or muscarinic
signs and symptoms such as miosis, increased airway
secretions, lacrimation, bradycardia, and GI complaints.
The added presence of nicotinic findings such as mus-
cle fasciculations and weakness further suggests the
diagnosis of OP poisoning. A history of exposure is
helpful but not often available. The simultaneous pres-
ence of muscarinic and nicotinic findings on physical
exam are characteristic of organophosphorus poisoning
and often warrant empiric treatment with atropine and
oxime therapy. Clinical findings suggestive of severe OP
poisoning (i.e., mental status changes, coma, seizures,
bronchorrhea, bronchoconstriction, fasciculations, auto-
nomic instability, and paralysis) warrant immediate
treatment presumptively. When multiple victims become
comatose or seize within minutes of an inhalational
exposure, a terrorist incident with nerve agents should
be suspected and empiric antidotal treatment given pro-
vided that supportive physical findings are present14 (see
Chapter 105A). When the diagnosis of OP poisoning 
is not evident or when toxicity is mild or chronic, a
depressed serum or red blood cell cholinesterase level
may be obtained to assist diagnosis. Cholinesterase 
levels, however, are rarely available in a timely manner.
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neuro-muscular paralysis that lasted 192 minutes.49

There are no data on the effect of prolonged chemical
paralysis with a nondepolarizing agent in the OP-
poisoned patient.50 Thus, the use of rocuronium or
other rapidly acting nondepolarizing agents is preferable
for RSI in these patients. Concomitant with atropinization,
patients should be resuscitated with intravenous (IV)
fluids. OP pesticides result in significant GI fluid losses
and probably cause nitric oxide–induced vasodilation.51

Rapid IV administration of 2 L or more of an isotonic
solution may be necessary to return the patient to
euvolemia. Vasopressors are indicated when hypotension
is unresponsive to atropine and fluids. A direct-acting 
α-adrenergic agent (e.g., phenylephrine) is preferred
because poisoned patients have a reduced systemic
vascular resistance and relatively normal inotropic
state.38,43,52-54 Dopamine and norepinephrine may
increase the heart rate, which could prove beneficial or
detrimental, depending on the initial pulse. These pressor
recommendations, however, are based on pharmacologic
principles and not animal or clinical data.

Seizure activity should be rapidly controlled with an
IV GABAergic agent such as diazepam, midazolam, or
lorazepam. Aggressive use of benzodiazepines may
improve survival and prevent cardiac and CNS injury in
OP-poisoned patients with seizures.34,55-62 Many dosing
regimens have been suggested. Initial dosing recommen-
dations include the use at least 10 mg IV diazepam or 
5 to 10 mg intramuscular (IM) midazolam in adults
(pediatric dosing, diazepam 0.1–0.2 mg/kg IV or
midazolam, 0.1–0.3 mg/kg IM) and then titrate upward
as needed. There is some evidence to suggest that OP-
induced seizures involve NMDA-glutamate receptors in
addition to GABA, suggesting that propofol may be a
useful adjunct for continued seizure activity. Both central
GABA and NMDA-glutamate receptor pathways are likely
involved with seizure production and delayed CNS
neuropathology associated with significant poisoning
with these agents (personal communication, M. Eddleston
and A. Dawson, 2004).58-61,63,64

After initial stabilization, patient decontamination
becomes a priority. Patients with liquid contamination of
skin and clothing may have ongoing percutaneous
absorption of a pesticide. In addition, they may pose a
skin contact risk to health care personnel. Interestingly,
there have been almost no reports of clinically significant
healthcare worker secondary contamination coming
from the South Asian and Indian continents, where 
OP intoxicaation is extremetly common.65,66 Thus, as
soon as possible, the patient should be disrobed com-
pletely and the skin thoroughly washed with alkaline
soap and water. This should not delay initial life-saving
treatment and administration of antidotes. The removal
of clothing eliminates 85% to 90% of a contamination
hazard.67 Although hypochlorite solutions deactivate
OPs in vitro, their use on human tissues is discouraged
and may lead to corneal burns and other toxicity.68 A
standard hypochlorite solution (5%) can be used to
decontaminate equipment.69-72 Alternatively, the U.S.
Military has adopted dry agents for field decontami-
nation.68 In civilian use, agents such as soil, flour, or

Thus, if OP poisoning is suspected, therapy should be
initiated before confirmation by laboratory values.

Laboratory confirmation of poisoning is demon-
strated by depressed erythrocyte or butyrylcholinesterase
activity. Because non–hemoglobin normalized acetyl-
cholinesterase levels are extremely variable between
individuals, a mild intoxication may not be confirmed
until serial levels document a steady increase in enzyme
activity over time.22,23 Erythrocyte acetylcholinesterase
that is standardized to hemoglobin does not exhibit the
same interindividual variability. As erythrocyte acetyl-
cholinesterase is expressed on the erythrocyte membrane,
in the absence of reactivation, restitution of normal,
preintoxication enzyme activity levels are dependent on
formation of new erythrocytes, a process that takes about
90 to 120 days and mimics neurologic function.23,24 How-
ever, erythrocyte acetylcholinesterase regenerates more
slowly than neuromuscular junction acetylcholinesterase.
Butyrylcholinesterase is an acute-phase reactant and may
normalize in 14 to 30 days. There is a genetic variant in
about 3% of the population, causing baseline depression
of butyrylcholinesterase activity level. Other conditions
that may depress butyrylcholinesterase include parenchy-
mal liver disease, secondary hepatic insufficiency from
congestive heart failure, metastatic carcinoma, reduced
levels of serum albumin, pregnancy, and several
medications.44,45

The remainder of diagnostic studies are nonspecific
and include elevated leukocyte count and hyper-
glycemia.46 Occasionally, elevated levels of urinary 
p-nitrophenol may be found in cases of OP intoxication
in which para-nitrophenol is the leaving group (e.g.,
parathion).19,47

Management
Treatment of OP poisoning consists of aggressive
supportive care and antidotal therapy.

Initial management of the OP- or carbamate-poisoned
patient requires immediate attention to the airway.
Cyanosis or other evidence of hypoxia, rales, excessive
oral secretions, or bronchorrhea should be treated with
oxygen and rapid atropinization. Although most texts
state that the patient should be oxygenated before atro-
pine administration, it may be impossible to oxygenate
until secretions are controlled. In a large cohort of OP-
poisoned patients, Eddleston successfully administered
early atropine without evidence of enhanced cardio-
vascular toxicity.48 Atropine should be dosed until the
secretions have dried and evidence of pulmonary fluid
has diminished. During rapid atropinization, respiratory
paralysis or excessive secretions should be managed by
controlling the airway with intubation, ventilation, and
continuous suctioning. When rapid sequence intubation
(RSI) is necessary to control the airway of an OP- or
carbamate-poisoned patient, the use of a depolarizing
paralytic (e.g., succinylcholine), although not contrain-
dicated, is discouraged. In such cases, succinylcholine may
result in prolonged paralysis because it is metabolized
through butyrylcholinesterase.49 In one patient poisoned
with chlorpyrifos, the use of succinylcholine resulted in

CHAPTER 76 Organophosphates and Carbamates 1177



talcum powder may be applied to the skin and then
mechanically removed.71

One of the first priorities in OP and nerve agent
treatment is health care provider self-protection and
decontamination. Medical personnel participating in 
the decontamination process should have adequate
personal protective equipment (PPE) and training.
Ideally, the patient should have undergone initial decon-
tamination at the scene by appropriate personnel
trained in Hazardous Materials in Level A or Level B
protection. At the Health Care Facility, medical staff
should be dressed at the minimum in Level C PPE,
including impermeable gowns and shoe covers; butyl,
neoprene, or nitrile gloves; and facial splash protec-
tion70,73 (see Chapter 103). Standard latex gloves are
readily permeable to and do not protect from
transdermal absorption of OP agents. Solutions or dry
agents used for decontamination are considered
hazardous materials, and arrangements for their disposal
should be prearranged. Further discussion on appro-
priate PPE and training should be directed to the local
Poison Control Center, Metropolitan Medical Response
System, HazMat team, Hospital Disaster Plan, or State
Department of Health.72

The utility of GI decontamination after ingestion of
an organophosphorus ester pesticide is controversial.
Because these agents are highly emetogenic, most
patients have vomited before presentation. If a patient
presents early (less than 30–60 minutes) after ingestion,
empiric nasogastric aspiration of an ingested solution
seems appropriate. There are, however, no published
randomized controlled trials (RCTs) that have evaluated
the efficacy of this modality. Some OP agents are known
to bind activated charcoal. Thus, the administration of
oral activated charcoal is usually recommended after 
oral OP pesticide exposure. As for gastric lavage and
aspiration, the efficacy of activated charcoal for OP 
poisoning by ingestion has been not been adequately
studied. Because many of the OP agents are dissolved 
in hydrocarbon solvents that can result in significant
pneumonitis when aspirated, the potential benefits 
of gastric decontamination must be balanced against 
the risk for enhanced morbidity from aspiration for 
each patient treated.50 Currently, there is an ongoing
large RCT in Sri Lanka investigating these issues.73,74

Gastrointestinal decontamination is rarely necessary
after nerve agent exposure because these patients have
been poisoned by inhalation or dermal contact (see
Chapter 105A).

ANTIDOTAL THERAPY
The accepted mainstays of antidotal therapy in OP poi-
soning are adequate use of atropine to treat muscarinic
symptoms and an oxime to regenerate the acetylcho-
linesterase.9,28 Atropine, a competitive antagonist at mus-
carinic cholinergic receptors, inhibits the postsynaptic
binding of acetylcholine. As a tertiary amine structure,
atropine crosses the blood-brain barrier and works at
both peripheral and central muscarinic sites. It has no
effect at nicotinic cholinergic receptors. Although there
have been no RCTs to demonstrate the efficacy of

atropine for OP and carbamates poisoning, there are
innumerable case reports that substantiate its efficacy
and usefulness for this poisoning.50 Atropine is indicated
for muscarinic symptoms, primarily bronchorrhea and,
sometimes, bradydysrhythmias and hypotension. The
dosing of atropine is variable, and the dosing regimen
used by Eddleston and colleagues is recommended.
From their experience with OP poisonings in Sri Lanka,
Eddleston and colleagues have shown that the
administration of rapid, escalating doses of atropine
(“rapid atropinization”) followed by an atropine infusion
is successful in controlling the airway and other
muscarinic symptoms.48,50 With this approach, patients
with evidence of muscarinic excess are initially given 1 to
2 mg IV atropine, and doses are then doubled every 
5 minutes as needed. This dosing regimen will rapidly
yield a cumulative dose of 25 mg by 20 minutes and
75 mg by 25 minutes.48 Patients with severe toxicity may
require 75 to 100 mg atropine. The adequacy of atropine
dosing is determined clinically by clearing secretions
from the pulmonary tract as assessed by resolution of
crepitus and rales, a heart rate greater than 80
beats/minute, dry skin, and a reasonable blood pressure
(mean arterial pressure > 60 mm Hg or evidence of end-
organ perfusion). Pupil dilation can be delayed up to 
30 minutes and is not a useful sign initially, but the
eventual aim is to have nonpinpoint pupils. However, in
the Sri Lankan experience, patients with severe OP
poisoning had mid to large but mildly reactive pupils
after an adequate atropine dose had been administered
(personal communication, M. Eddleston and A. Dawson,
2004).48,50 After the patient has been stabilized, an
atropine drip is established to maintain the patient at 
the appropriate level of atropinization, usually around
20% of the total loading dose per hour, and is titrated as
needed. More than 5 mg/hr of atropine is rarely
needed.75 Glycopyrrolate has been suggested as an
alternative to atropine. However, because it does not
cross the blood-brain barrier, it should be reserved 
for patients with a purely peripheral muscarinic
syndrome.33,76-79 The use of inhaled atropine or
ipratropium bromide has been recommended when
pulmonary symptoms predominate to minimize systemic
side effects produced by intravenous atropine admin-
istration.33,34

Although “rapid atropinization” is life saving, this
method of atropine administration may occasionally
overshoot and produce an anticholinergic delirium. In
this situation, the atropine infusion should be halted and
the patient closely observed until signs of cholinergic
excess begin to reappear. At this point, the atropine can
be restarted.48 When this occurs, the patient may need
sedation until the delirium recedes. Benzodiazepines
appear to be the safest option in this situation.

Nerve agent intoxication does not appear to require
similar atropine dosing (see Chapter 105A). Experience
from the Matsumoto and Tokyo sarin incidents and
declassified case reports suggest that 2 to 20 mg atropine
appears to be adequate.13,14,71,80,81 In the Tokyo sarin
attacks, only 19% of poisoned patients required more
than 2 mg of atropine.7 Topical ocular homatropine or

1178 PESTICIDES



and it is believed that as the acetylcholine accumulates 
at the receptor, acetylcholinesterase competes with the
OP for the binding site.27

Most oxime controversy relates to appropriate dosing.
Most U.S. textbooks suggest a pralidoxime dose of 1 to 
2 g IV or IM followed by 1 g every 6 to 12 hours. This
dose has not been subjected to rigorous scrutiny and 
may lead to low serum oxime concentrations. A serum
concentration of 4 mg/L has been suggested as the
minimum oxime “therapeutic level” for OP poisoning;
this value was derived from animal data.98,99 A sub-
sequent pharmacokinetic study by Medicis used a
pralidoxime infusion in human volunteers to maintain
this serum concentration.100 Further study has suggested
that 1 g pralidoxime every 6 to 8 hours or the infusion
rate from the Medicis study are inadequate to treat
significantly poisoned patients and that larger oxime
doses are necessary.32,98,101-103 There are a number of rea-
sons for this, which include poor affinity of oximes for
the phosphorylated enzyme complex, overwhelming in-
hibition by a large OP exposure, reinhibition of the
enzyme by sustained or high levels of OP, OP persistence
in a deep compartment such as seen with extremely fat-
soluble agents (duration of treatment), and aging of the
enzyme.9,28 The WHO has recommended an initial dose
of 30 mg/kg pralidoxime IV followed by an IV infusion of
8 mg/kg/hr. Alternatively, if a continuous infusion is not
possible, 30 mg/kg pralidoxime should be administered
IM or IV every 4 hours. Obidoxime is dosed at 4 mg/kg
initially then 0.5 mg/kg/hr or 4 mg/kg initially then 2
mg/kg every 4 hours. Both agents may be administered
IV or IM.104 Based on computer kinetic modeling, Eyer
and associates have determined that an ideal plasma
concentration of 50 to 100 μmol/L for pralidoxime and
10 μmol/L for obidoxime should produce an acceptable
half-life of reactivation of about 10 minutes.19 These can
be achieved with a pralidoxime dosing of 1 g IV followed
by 0.5 g/hr or an obidoxime dosing of 250 mg initially
followed by 750 mg over 24 hours.27 Regardless, the ideal
oxime dose has not yet been established and will
probably depend on the OP agent, time since exposure,
body load, pharmacogenetics, and other variables. The
South Asian Clinical Toxicology Research Collaboration
initiated a study in 2004 that compares the WHO
pralidoxime regimen versus placebo in the treatment 
of OP poisoning in Sri Lanka (personal communication,
M. Eddleston and A. Dawson, 2004). These data should
help to clarify the optimal pralidoxime dosing strategy.

It is important to be aware of the treatment distinction
between diethyl and dimethyl phosphoryl OPs.
Dimethyl-poisoned patients have a shorter window of
opportunity for oxime treatment and necessitate higher
doses. This discrepancy may be partially responsible for
the variable results reported in the literature. Treatment
of nerve agent poisoning follows similar precepts but
uses a different dosing strategy. Because the G nerve
agents age extremely rapidly, treatment must be started
immediately (see Chapter 105A).

Adverse reactions from oxime therapy include hyper-
tension, transient increases in neuromuscular block, and
projectile vomiting after bolus administration of pral-

atropine preparations may be effective for focal ocular
cholinergic toxicity (e.g., eye pain, dim vision) produced
by aerosol nerve agent exposures.71

Oximes are used early after OP poisoning to
regenerate active acetylcholinesterase. The use of oximes
has become somewhat controversial after several Asian
studies failed to demonstrate their efficacy for OP poi-
soning.82-84,85 The conclusions of these studies, however,
have been questioned because of flawed trial design and
other reasons.28,29 In Western countries, use of oxime
therapy is fairly well accepted, and there are multiple
animal studies and human case reports supporting 
its efficacy.24,28,30,86-92 Pralidoxime (2-PAM chloride,
Protopam) and obidoxime (Toxogonin) are the most
commonly used agents, although P2S (pralidoxime
mesylate), pralidoxime methiodide, TMB-4, HI-6 and
HLö-7 (experimental use only) are used in other parts of
the world. The H-series oximes (e.g., HI-6 and HLö-7)
have greater efficacy against certain nerve agents (e.g.,
soman) and may be preferable for such poisoning. Multiple
textbooks and the package insert for Protopam suggest
that oxime therapy should be reserved for nicotinic signs
and symptoms. There is no scientific basis for this because
oximes will regenerate acetylcholinesterase at both
muscarinic and nicotinic receptors. Many patients who
were treated with only atropine may have had adequate
endogenous hydrolysis of the phosphorylated acetyl-
cholinesterase. Use of oxime therapy in carbamate
poisoning is another area of uncertainty. On average,
carbamylated acetylcholinesterase will spontaneously
hydrolyze within 24 hours. Patients poisoned with
carbamates, however, may become severely ill and require
ventilatory support for greater than 24 hours, similar to
an OP poisoning. There is good evidence to suggest that
oximes are effective for treating these carbamate-
poisoned patients and shortening intensive care unit
time.24,31,87,93-97 The exception to this may be carbaryl
(Sevin), for which there is animal evidence to suggest that
oxime use may worsen the cholinesterase block. There
are no human data that demonstrate enhanced toxicity
from oxime use in carbaryl-poisoned patients.93,94,97

Currently, oxime therapy is recommended for all carba-
mate poisonings with the exception of carbaryl.

The apparent ineffectiveness of oximes for OP
poisoning has several possible explanations. First,
reactivation of acetylcholinesterase may be slowed and
ineffective because of steric effects of certain OP com-
pounds at the active site. Second, the rate of acetyl-
cholinesterase inhibition may be greater than its rate of
reactivation because of insufficient oxime dosing relative
to the degree of OP exposure. Third, formation of
phosphoryloximes during the reactivation process may
paradoxically inhibit acetylcholinesterase to a greater
extent and longer duration than would be present
without oxime therapy. This is more significant 
with obidoxime than pralidoxime. Finally, oxime therapy
may not be provided for a long enough time in instances
in which OP metabolic activation or tissue redistribution
occurs. Similarly, oxime therapy may not be initiated 
for patients who present late because of the belief that 
all the cholinesterases will have aged. Aging is a process,
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idoxime (personal communication, M. Eddleston and 
A. Dawson, 2004).29,100,104 There are no good data on the
effects of pralidoxime in the first trimester of
pregnancy.106,107 Pralidoxime is categorized by the U.S.
Food and Drug Administration as a pregnancy category
C medication. Thus, it should only be used with initial
careful consideration of the relative risks and benefits to
the mother and child.108,109

INTERMEDIATE SYNDROME
In 1987, Senanayake described a syndrome of proximal
muscle weakness, weak neck flexors, and respiratory
failure, which he designated as the intermediate syn-
drome (IMS) or type II paralysis.110,111 The IMS has onset
within 24 to 72 hours after the acute cholinergic crisis
and can last several days to weeks.112-116 Many authors
have debated the existence of IMS versus continued
neuromuscular junction (NMJ) acetylcholinesterase
depression in the face of inadequate oxime therapy.117-119

The syndrome has been characterized by absent muscarinic
symptoms but continued severe acetylcholinesterase
inhibition as measured by cholinesterase activity, and
there is no therapy other than supportive care.112,120-122

Electromyograms—Nerve Conduction Velocity Studies
done during IMS have shown decrement pattern in
neuromuscular transmission with repetitive stimulation
at low rates consistent with presynaptic and postsynaptic
impairment at the NMJ and desensitization.123,124 At this
time, there is no consensus on etiology; the pralidoxime
study in Sri Lanka may provide some insight on this
problem. Treatment of IMS is primarily supportive.
Some recommend the administration of additional
oxime, but few data support this recommendation.

DELAYED POLYNEUROPATHY
(ORGANOPHOSPHATE-INDUCED DELAYED
NEUROPATHY OR POLYNEUROPATHY)
Several classes of OPs (phosphates, phosphoramidates,
and phosphonates) inhibit both acetylcholinesterase 
and neuropathy target esterase (NTE).125,126 NTE is
found on the Schwann cells lining the axons and, when
aged, causes loss of the myelin sheath with a “dying back”
axonopathy that is unresponsive to atropine and
pralidoxime.125,127-129 This leads to a symmetric demye-
linating process with the patient complaining about
cramping pain, paresthesias, and distal limb weakness.
Patients notice the onset of weakness and paresthesias
about 3 to 6 weeks after initial illness, with subsequent
progression over weeks to months.130,131 A lymphocyte
NTE assay has been developed to assist diagnosis;
depression of lymphocyte NTE correlates with develop-
ment of organophosphate-induced delayed neuropathy
(OPIDN).132-138 There is no known treatment for
OPIDN. Resolution may occur over 6 months to a 
year for those with mild symptoms, whereas those with
severe OPIDN usually have persistent deficits.125,130-136

CHRONIC NEUROPSYCHIATRIC SEQUELAE
A number of other neurologic sequelae that have been
associated with OP intoxication. Acutely, patients may

develop severe encephalopathy.139 Long-term effects
have included short-term memory loss, fatigue, con-
fusion, depression, psychosis, parkinsonism, and other
extrapyramidal findings.139-144 Some of these findings
may resolve over time.

NEW TREATMENT DEVELOPMENTS
One of the difficulties in treating OP-poisoned patients
is determining when to stop oxime therapy. Eyer and
associates have started to assay whole blood for the 
ability of oximes to reactivate red blood cell cholin-
esterase before and during treatment. Ongoing acetyl-
cholinesterase inhibition, recrudescent poisoning, and
response to therapy could be recognized and diag-
nosed from a decrease in the ability to reactivate red
blood cell cholinesterase in patient whole blood.19 The
increasing importance of pharmacogenomics is also
being investigated. Depending on the paraxon con-
centration, studies in liver microsomal studies have
shown that paraoxon has variable effects on the
cytochrome P-450 enzymes (e.g., CYP1A2, 2B6, and
3A4). During parathion desulfuration, an electrophilic
sulfur is released, which inactivates the cytochromes,
leading to significant effects on other metabolic
processes and detoxification of xenobiotics.19

Research on the use of hydrolases to treat OP toxicity
has led to the potential for use of bacterial phospho-
triesterases to cleave OPs.145-147 The discovery of poly-
morphism in the PON1 genetic coding suggests that
there is a variable sensitivity to toxicity of OPs.14,148 This
may help to explain why some people exhibit a higher
degree of toxicity when exposed to the same agents.

Other promising novel therapies for OP pesticide
poisoning are being researched. There has been at 
least 10 years of work on the Hagedorn agents HI-6 and
HLö-7. These two agents and others continue to show
promise as the preferred oximes for nerve agent toxicity
(see Chapter 105A).28,86,89,90,149-152 Alkalinization with
sodium bicarbonate has increased survival in animal
models and may be useful in humans.153,154 A recent
Cochrane review of alkalinization for the treatment of
OP intoxication suggested that it may be useful clinically,
but there is insufficient evidence for routine use.152 A
promising new line of investigation is the use of OP
hydrolases to break down OPs before they can covalently
bind to acetylcholinesterase. Data from in vitro and
animal models have demonstrated that the combined
use of bacterial OP hydrolases and oxime therapy has
been successful in preventing reinhibition of acetyl-
cholinesterase.155-157 Finally, human butyrylcholinesterase
has been used to increase survival in soman-poisoned
rats.158,159

ACKNOWLEDGMENTS

Special thanks to Drs. Darren Roberts, Peter Eyer, and Michael
Eddleston for their editing contributions to this chapter.

REFERENCES
1. Eddleston M, Phillips MR: Self-poisoning with pesticides. BMJ

2004;328:42–44.

1180 PESTICIDES



Washington, DC, U.S. Environmental Protection Agency 735-R98-
003, 1999, p 7, http://www.epa.gov/pesticides/safety/healthcare,
http://npic.orst.edu/rmpp.htm.

26. Aldridge WN, Reiner E: Enzyme Inhibitors as Substrates. London,
North Holland, 1972, pp 8–52.

27. Eyer P: The role of oximes in the management of organophos-
phorus pesticide poisoning. Toxicol Rev 2004;22:143–163.

28. Jacobsen D, Meredith TJ, Haines J: Poisoning with organophos-
phorus compounds. Emerg Med (Fremantle) 2001;13:260.

29. Eddleston M, Szinicz L, Eyer P, Buckley N: Oximes in acute
organophosphorus pesticide poisoning: a systematic review of
clinical trials. Q J Med 2002;95:275–283.

30. Lifshitz M, Shahak E, Sofer S: Carbamate and organophosphate
poisoning in young children. Pediatr Emerg Care 1999;15(2):
102–103.

31. Dawson RM, Poretski M: Carbamylated acetylcholinesterase:
acceleration of decarbamylation by bispyridinium oximes.
Biochem Pharmacol 1985;34(24):4337–4340.

32. Worek F, Backer M, Thiermann H, et al: Reappraisal of
indications and limitations of oxime therapy in organophosphate
poisoning. Hum Exp Toxicol 1997;16(8):466–472.

33. Bird SB, Gaspari RJ, Dickson EW: Early death due to severe
organophosphate poisoning is a centrally mediated process. Acad
Emerg Med 2003;10(4):295–298.

34. Dickson EW, Bird SB, Gaspari RJ, et al: Diazepam inhibits
organophosphate-induced central respiratory depression. Acad
Emerg Med 2003;10(12):1303–1306.

35. Haddad LM: Organophosphate poisoning [editorial]. J Toxicol
Clin Toxicol 1992;30:331–332.

36. Zwiener RJ, Ginsburg CM: Organophosphate and carbamate
poisoning in infants and children. Pediatrics 1988;81:121.

37. Senanayake N, de Silva HJ, Karalliedde L: A scale to assess severity
in organophosphorus intoxication: POP scale. Hum Exp Toxicol
1993;12:297–299.

38. Asari Y, Kamijyo Y, Soma K: Changes in the hemodynamic state of
patients with acute lethal organophosphate poisoning. Vet Hum
Toxicol 2004;46(1):5–9.

39. Joubert J, Joubert PH, van der Spuy M, van Graan E: Acute
organophosphate poisoning presenting with choreoasthetosis.
Clin Toxicol 1984;22:187–191.

40. Karalliedde L, Henry JB: Effects of organophosphates on skeletal
muscle. Hum Exp Toxicol 1993;12:289–296.

41. Moore PG, James OF: Acute pancreatitis induced by acute
organophosphate poisoning. Postgrad Med J 1981;57:660–662.

42. Kiss Z, Fazekas T: Organophosphates and torsades de pointes
ventricular tachycardia. J R Soc Med 1983;76(11):984–985.

43. Saadeh AM: Metabolic complications of organophosphate and
carbamate poisoning. Trop Doct 2001;31(3):149–152.

44. Henry JB: Clinical Diagnosis and Management by Laboratory
Methods. Philadelphia, WB Saunders, 1996.

45. Yager J, McLean H, Hudes M, Spear RC: Components of
variability in blood cholinesterase assay results. J Occup Med
1976;18(4):242–244.

46. Meller D, Fraser I, Kryger M: Hyperglycemia in anticholinesterase
poisoning. Can Med Assoc J 1981;124(6):745–748.

47. Barr DB, Turner WE, DiPietro E, et al: Measurement of p-
nitrophenol in the urine of residents whose homes were
contaminated with methyl parathion. Environ Health Perspect
2002;110(Suppl 6):1085–1091.

48. Eddleston M, Buckley N, Checketts H, et al: Speed of initial
atropinisation in significant organophosphorus pesticide poi-
soning—a comparison of recommended regimens. J Toxicol Clin
Toxicol 2004;42:865–875.

49. Selden BS, Curry SC: Prolonged succinylcholine-induced paralysis
in organophosphate insecticide poisoning. Ann Emerg Med
1987;16(2):215–217.

50. Eddleston M, Singh S, Buckley N: Acute organophosphorus
poisoning. Clin Evid (BMJ) 2003;9:1542–1553.

51. Chang AY, Chan JY, Kao FJ, et al: Engagement of inducible nitric
oxide synthase at the rostral ventrolateral medulla during
mevinphos intoxication in the rat. J Biomed Sci 2001;8(6):
475–483.

52. Buckley NA, Dawson AH, Whyte IM: Organophosphate
poisoning: peripheral vascular resistance—a measure of adequate
atropinization. J Toxicol Clin Toxicol 1994;32(1):61–68.

2. Gunnell D, Eddleston M: Suicide by intentional ingestion of
pesticides: a continuing tragedy in developing countries. Int J
Epidemiol 2003;32:902–909.

3. Jeyaratnam J: Acute pesticide poisoning: a major global health
problem. World Health Stat Q 1990;43:139–144.

4. International Programme of Chemical Safety (IPCS INTOX):
Pesticide Project: Collection of Human Case Data Exposures to
Pesticides, 2002, http://www.intox.org/firstpage.htm.

5. CDC National Institute for Occupational Safety and Health:
NIOSH Safety and Health Topic: Pesticide Illness and Injury
Surveillance, http://www.cdc.gov/niosh/topics/pesticides/2004.

6. Watson WA, Litovitz TL, Rodgers CG Jr, et al: 2002 annual report
of the American Association of Poison Control Centers Toxic
Exposure Surveillance System. Am J Emerg Med 2003;21(5):
353–421.

7. Watson WA, Litovitz TL, Rodgers GC, et al: 2004 annual report of
the American Association of Poison Control Centers Toxic
Exposure Surveillance System. Am J Emerg Med 2005;23:589–666.

8. Okumura T, Takasu N, Ishimatsu S et al: Report on 640 victims of
the Tokyo subway sarin attack. Ann Emerg Med 1996;28(2):129–135.

9. Johnson MK, Jacobsen D, Meredith TJ, et al: Evaluation of
antidotes for poisoning by organophosphorus pesticides. Emerg
Med 2000;12:22–37.

10. Buttler T, Martinkovic W, Nesheim N: Factors influencing the
movement of pesticides to ground water. In Pesticide Information
Office (ed): University of Florida Cooperative Extension Service
(EDIS), 1998,  http://edas.ifas.ufl.edu/pdffiles/PI/P100200.pdf.

11. World Health Organization: The WHO recommended classifi-
cation of pesticides by hazard. In International Programme on
Chemical Safety (eds): Inter-organization Programme for the
Sound Management of Chemicals, 2004, http:www.who.int/
ipcs/publications/pesticides_hazards_rev_3.pdf.

12. Morgan DP: Recognition and management of pesticide
poisonings, 4th ed, Vol. EPA-540/9-88-001. Washington, DC, U.S.
Environmental Protection Agency, 1989.

13. Zajtchuk R, Bellamy RF (eds): Textbook of Military Medicine:
Medical Aspects of Chemical and Biological Warfare. Part I.
Washington, DC, Office of the Surgeon General, U.S. Dept of the
Army, 1997, pp 129–179.

14. Sidell FR: Nerve agents. In Zajtchuck R, Bellamy RF (eds):
Textbook of Military Medicine. Part 1. Warfare, Weaponry and 
the Casualty: Medical Aspects of Chemical and Biological
Warfare. Washington, DC, Office of the Surgeon General, U.S.
Army, 1997.

15. Costa LG, Cole TB, Furlong CE: Polymorphisms of paraoxonase
(PON1) and their significance in clinical toxicology of
organophosphates. J Toxicol Clin Toxicol 2003;41(1):37–45.

16. Temple WA, Smith NA: Organophosphorus pesticides (PIM
G001). In IPCS INTOX Databank, http://www.intox.org/
databank/documents/chemical/organopho/PIMG001.htm.

17. Hayes WJ Jr: Pesticides Studied in Man. Baltimore, Williams &
Wilkins, 1982.

18. Eddleston M, Dawson A, Karalliedde L, et al: Early management
after self-poisoning with an organophosphate or carbamate
pesticide. A treatment protocol for junior doctors. Crit Care
2004;8:R391–R397.

19. Eyer F, Meichsner V, Kiderlen D, et al: Human parathion
poisoning: a toxicokinetic analysis. Toxicol Rev 2003;22:143–163.

20. Paul N, Mannathukkoran TJ: Intermediate syndrome following
carbamate poisoning. Clin Toxicol 2005;43:867–868.

21. Namba T, Nolte CT, Jackrel J, Grob D: Poisoning due to
organophosphate insecticides. Acute and chronic manifestations.
Am J Med 1971;50(4):475–492.

22. Coye MJ, Barnett PG, Midtling JE, et al: Clinical confirmation of
organophosphate poisoning of agricultural workers. Am J Ind
Med 1986;10(4):399–409.

23. Coye MJ, Barnett PG, Midtling JE, et al: Clinical confirmation of
organophosphate poisoning by serial cholinesterase analyses.
Arch Intern Med 1987;147(3):438–442.

24. Lifshitz M, Rotenberg M, Sofer S, et al: Carbamate poisoning and
oxime treatment in children: a clinical and laboratory study.
Pediatrics 1994;93(4):652–655.

25. Reigart JR, Roberts JR: Organophosphate insecticides. In
Recognition and Management of Pesticide Poisoning, 5th ed.

CHAPTER 76 Organophosphates and Carbamates 1181



53. Yen DH, Yen JC, Len WB, et al: Spectral changes in systemic
arterial pressure signals during acute mevinphos intoxication in
the rat. Shock 2001;15(1):35–41.

54. Yeo V, Young K, Tsuen CH: Anticholinesterase-induced hypo-
tension treated with pulmonary artery catheterization-guided
vasopressors. Vet Hum Toxicol 2002;44(2):99–100.

55. Martin LJ, Doebler JA, Shih TM, Anthony A: Protective effect of
diazepam pretreatment on soman-induced brain lesion forma-
tion. Brain Res 1985;325(1–2):287–289.

56. McDonough JH Jr, Dochterman LW, Smith CD, Shih TM:
Protection against nerve agent-induced neuropathology, but not
cardiac pathology, is associated with the anticonvulsant action of
drug treatment. Neurotoxicology 1995;16(1):123–132.

57. McDonough JH Jr, Jaax NK, Crowley RA, et al: Atropine and/or
diazepam therapy protects against soman-induced neural and
cardiac pathology. Fundam Appl Toxicol 1989;13(2):256–276.

58. McDonough JH Jr, McMonagle J, Copeland T, et al: Comparative
evaluation of benzodiazepines for control of soman-induced
seizures. Arch Toxicol 1999;73(8–9):473–478.

59. McDonough JH Jr, Zoeffel LD, McMonagle J, et al: Anticonvulsant
treatment of nerve agent seizures: anticholinergics versus
diazepam in soman-intoxicated guinea pigs. Epilepsy Res
2000;38(1):1–14.

60. Shih T, McDonough JH Jr, Koplovitz I: Anticonvulsants for soman-
induced seizure activity. J Biomed Sci 1999;6(2):86–96.

61. Shih TM, Duniho SM, McDonough JH: Control of nerve 
agent-induced seizures is critical for neuroprotection and survival
small star, filled. Toxicol Appl Pharmacol 2003;188(2):69–80.

62. Shih TM, Koviak TA, Capacio BR: Anticonvulsants for poisoning
by the organophosphorus compound soman: pharmacological
mechanisms. Neurosci Biobehav Rev 1991;15(3):349–362.

63. Johnson PS, Michaelis EK: Characterization of organophosphate
interactions at N-methyl-D-aspartate receptors in brain synaptic
membranes. Mol Pharmacol 1992;41(4):750–756.

64. Rump S, Kowalczyk M: Management of convulsions in nerve agent
acute poisoning: a Polish perspective. J Med Chem Def
2003–2004;1.

65. Little M, Murray L: Consensus statement: Risk of nosocomial
organoposphate poisoning in the emergency departments.
Emergency Medicine Australasia 2004;16:456–458.

66. Roberts D, Senarathna L: Secondary contamination in
organophoshate poisoning. Q J Med 2004;97:1–2.

67. Kales SN, Christiani DC: Acute chemical emergencies. N Engl 
J Med 2004;350(8):800–808.

68. U.S. Army Medical Research Institute for Chemical Defense (ed):
Medical Management of Chemical Casualties Handbook, 3rd 
ed. USAMRICD MCMR-UV-ZM, Aberdeen Proving Ground, MD,
2000, http://www.gmha.org/bioterrorism/usamricd/yellow_
book_2000.pdf.

69. Stewart C, Sullivan JB Jr: Military munitions and antipersonnel
agents. In JB Sullivan Jr, GR Krieger (eds): Hazardous Materials
Toxicology: Clinical Principles of Environmental Health.
Baltimore, Williams & Wilkins, 1992, p 986.

70. Macintyre AG, Christopher GW, Eitzen E Jr, et al: Weapons of
mass destruction events with contaminated casualties: effective
planning for health care facilities. JAMA 2000;283(2):242–249.

71. Sidell FR, Borak J: Chemical warfare agents. II. Nerve agents. Ann
Emerg Med 1992;21(7):865–871.

72. Wetter DC, Daniell WE, Treser CD: Hospital preparedness for
victims of chemical or biological terrorism. Am J Public Health
2001;91(5):710–716.

73. Agency for Toxic Substances Disease Registry: Appendix C: levels
of protection. In Managing Hazardous Materials Incidents, Vol. II:
Hospital Emergency Departments, 2001, www.atsdr.cdc.gov/
mhmi-v2-c.pdf.

74. University of Oxford: Acute organophosphate pesticide poisoning
in Sri Lanka: management, complications, and pharmacogenetics,
2004.

75. Eddleston M, et al: Emergency management of acute severe self-
poisoning with an unknown pesticide. 1. A protocol. South Asian
Clinical Toxicology Research Collaborative, 2004, p 1. Personal
communication.

76. Choi PT, Quinonez LG, Cook DJ, et al: The use of glycopyrrolate
in a case of intermediate syndrome following acute organophos-
phate poisoning. Can J Anaesth 1998;45(4):337–340.

77. Bardin PG, Van Eeden SF: Organophosphate poisoning: grading
the severity and comparing treatment between atropine and
glycopyrrolate. Crit Care Med 1990;18(9):956–960.

78. Kanto J, Klotz U: Pharmacokinetic implications for the clinical use
of atropine, scopolamine and glycopyrrolate. Acta Anaesthesiol
Scand 1988;32(2):69–78.

79. Lau WM: Protection by tacrine and some adjuncts against the
depressant effects of soman in guinea-pig atrium. Gen Pharmacol
1993;24(6):1513–1519.

80. U.S. Army Medical Research Institute of Chemical Defense: Nerve
agents. In Medical Management of Chemical Casualties Handbook.
Aberdeen, MD, Aberdeen Proving Grounds—Edgewood Area,
1999.

81. Dunn MA: Progress in medical defense against nerve agents.
JAMA, 1989;262:649.

82. Cherian AM, et al: Effectiveness of pralidoxime in the treatment
of organophosphorus poisoning: a randomised, double-blind,
placebo-controlled clinical trial. In International Clinical
Epidemiology Network (ed): Monograph series on Critical
International Health Issues, 1997, http//www.inclentrust.org/
images/stories/mono 7_organophosphorus_poisoning[1].pdf.

83. Cherian AM, et al: Effectiveness of P2AM (PAM-pralidoxime) in
the treatment of organophosphorus poisoning. A randomised,
double-blind, placebo controlled trial. J Assoc Physicians India
1997;45:22–24.

84. Sungur M: Intensive care management of organophosphate
insecticide poisoning. Crit Care 2001;5(4):211–215.

85. de Silva HJ, Wijewickrema R, Senanayake N: Does pralidoxime
affect outcome of management in acute organophosphorus
poisoning? Lancet 1992;339(8802):1136–1138.

86. Jovic R, Boskovic B: Antidotal action of pyridinium oximes in
poisoning by O,O-diethyl-S-(2-(N-methyl-N-phenylamino)ethyl)
thiophosphonate methylsulfomethylate (GT-45) and its two new
analogs. Toxicol Appl Pharmacol 1970;16(1):194–200.

87. Kurtz PH: Pralidoxime in the treatment of carbamate
intoxication. Am J Emerg Med 1990;8(1):68–70.

88. Petroianu G, Ruefer R: Poisoning with organophosphorus
compounds. Emerg Med (Fremantle) 2001;13(2):258–260.

89. Shih TM: Comparison of several oximes on reactivation of soman-
inhibited blood, brain and tissue cholinesterase activity in rats.
Arch Toxicol 1993;67(9):637–646.

90. Simeon V, Wilhelm K, Granov A, et al: 1,3-Bispyridinium-
dimethylether mono- and dioximes: synthesis, reactivating
potency and therapeutic effect in experimental poisoning by
organophosphorus compounds. Arch Toxicol 1979;41(4):301–306.

91. Vale JA: Toxicokinetic and toxicodynamic aspects of organophos-
phorus (OP) insecticide poisoning. Toxicol Lett 1998;102–103:
649–652.

92. Shih TM, McDonough JH Jr: Organophosphorus nerve agents-
induced seizures and efficacy of atropine sulfate as anticonvulsant
treatment. Pharmacol Biochem Behav 1999;64(1):147–153.

93. Harris LW, Talbot BG, Lennox WJ, Anderson DR: The
relationship between oxime-induced reactivation of carbamylated
acetylcholinesterase and antidotal efficacy against carbamate
intoxication. Toxicol Appl Pharmacol 1989;98(1):128–133.

94. Dawson RM: Rate constants of carbamylation and decarbamy-
lation of acetylcholinesterase for physostigmine and carbaryl in
the presence of an oxime. Neurochem Int 1994;24(2):173–182.

95. Lotti M: Treatment of acute organophosphate poisoning. Med 
J Aust 1991;154(1):51–55.

96. Sterri SH, Rognerud B, Fiskum SE, Lyngaas S: Effect of toxogonin
and P2S on the toxicity of carbamates and organophosphorus
compounds. Acta Pharmacol Toxicol (Copenh) 1979;45(1):9–15.

97. Lieske CN, Clark JH, Maxwell DM, et al: Studies of the
amplification of carbaryl toxicity by various oximes. Toxicol Lett
1992;62(2–3):127–137.

98. Schexnayder S, James LP, Kearns GL, Farrar HC, et al: The
pharmacokinetics of continuous infusion pralidoxime in children
with organophosphate poisoning. J Toxicol Clin Toxicol
1998;36(6):549–555.

99. Sundwall A: Minimum concentrations of N-methylpyridinium-2-
aldoxime methane sulphonate (P2S) which reverse neuro-
muscular block. Biochem Pharmacol 1961;8:413–417.

100. Medicis JJ, Stork CM, Howland MA, et al: Pharmacokinetics
following a loading plus a continuous infusion of pralidoxime

1182 PESTICIDES



poisoned by different organophosphates. Neurotoxicology 1994;
15(2):331–340.

125. Jokanovic M, Stukalov PV, Kosanovic M: Organophosphate
induced delayed polyneuropathy. Curr Drug Target CNS Neurol
Disord 2002;1(6):593–602.

126. Lotti M, Moretto A, Bertolazzi M, et al: Organophosphate
polyneuropathy and neuropathy target esterase: studies with
methamidophos and its resolved optical isomers. Arch Toxicol
1995;69(5):330–336.

127. Johnson MK: Organophosphorus esters causing delayed
neurotoxic effects: mechanism of action and structure activity
studies. Arch Toxicol 1975;34(4):259–288.

128. Johnson MK, Glynn P: Neuropathy target esterase (NTE) and
organophosphorus-induced delayed polyneuropathy (OPIDP):
recent advances. Toxicol Lett 1995;82–83:459–863.

129. Weiner ML, Jortner BS: Organophosphate-induced delayed
neurotoxicity of triarylphosphates. Neurotoxicology 1999;20(4):
653–673.

130. Gutmann L, Bodensteiner JB: Organophosphate-induced 
delayed polyneuropathy. J Pediatr 1993;123(5):837.

131. Lotti M: The pathogenesis of organophosphate polyneuropathy.
Crit Rev Toxicol 1991;21(6):465–487.

132. Lotti M, Becker CE, Aminoff MJ: Organophosphate polyneuropathy:
pathogenesis and prevention. Neurology 1984;34(5):658–662.

133. Singh S, Sharma N: Neurological syndromes following
organophosphate poisoning. Neurol India 2000;48(4):308–313.

134. Abou-Donia MB: Toxicokinetics and metabolism of delayed 
neurotoxic organophosphorus esters. Neurotoxicology 1983;4(1):
113–129.

135. Metcalf RL: Historical perspective of organophosphorus ester-
induced delayed neurotoxicity. Neurotoxicology 1982;3(4):269–284.

136. Wadia RS, Chitra S, Amin RB, et al: Electrophysiological studies 
in acute organophosphate poisoning. J Neurol Neurosurg
Psychiatry 1987;50(11):1442–1448.

137. Bertoncin D, Russolo A, Caroldi S, Loth M: Neuropathy target
esterase in human lymphocytes. Arch Environ Health
1985;40(3):139–144.

138. Lotti M, Moretto A, Zoppellari R, et al: Inhibition of lymphocytic
neuropathy target esterase predicts the development of
organophosphate-induced delayed polyneuropathy. Arch Toxicol
1986;59(3):176–179.

139. Shahar E, Andraws J: Extra-pyramidal parkinsonism complicating
organophosphate insecticide poisoning. Eur J Paediatr Neurol
2001;5(6):261–264.

140. Senanayake N, Sanmuganathan PS: Extrapyramidal manifes-
tations complicating organophosphorus insecticide poisoning.
Hum Exp Toxicol 1995;14:600–604.

141. Rosenstock L, Daniell W, Burnhart S, et al: Chronic neuro-
psychological sequelae of occupational exposure to organophos-
phate insecticides. Am J Ind Med 1990;18(3):321–325.

142. Rosenstock L, Keifer M, Daniell WE, et al: Chronic central
nervous system effects of acute organophosphate pesticide
intoxication. The Pesticide Health Effects Study Group. Lancet
1991;338(8761):223–227.

143. Steenland K, Jenkins B, Ames RG, et al: Chronic neurological
sequelae to organophosphate pesticide poisoning. Am J Public
Health 1994;84(5):731–736.

144. Wadia RS: The neurology of organophosphorus insecticide
poisoning newer findings a view point. J Assoc Physicians 
India 1990;38(2):129–131.

145. Raushel FM: Bacterial detoxification of organophosphate nerve
agents. Curr Opin Microbiol 2002;5:288–295.

146. Raushel FM, Holden HM: Phosphotriesterase: an enzyme in
search of its natural substrate. Adv Enzymol Relat Areas Mol 
Biol 2000;74:51–93.

147. Tuovinen K, Kaliste-Korhonen E, Raushel FM, Hanninen O:
Phosphotriesterase—a promising candidate for use in detoxification
of organophosphates. Fundam Appl Toxicol 1994;23:578–584.

148. Berwick P: 2,4-Dichlorophenoxyacetic acid poisoning in man.
Some interesting clinical and laboratory findings. JAMA
1970;214(6):1114–1117.

149. de Jong LP, Verhagen MA, Langenberg JP, et al: The
bispyridinium-dioxime HLo-7. A potent reactivator for
acetylcholinesterase inhibited by the stereoisomers of tabun 
and soman. Biochem Pharmacol 1989;38(4):633–640.

compared with the traditional short infusion regimen in human
volunteers. J Toxicol Clin Toxicol 1996;34(3):289–295.

101. Thiermann H, Szinicz L, Eyer F, et al: Modern strategies in
therapy of organophosphate poisoning. Toxicol Lett 1999;
107(1–3):233–239.

102. Thiermann H, Mast U, Klimmek R, et al: Cholinesterase status,
pharmacokinetics and laboratory findings during obidoxime
therapy in organophosphate poisoned patients. Hum Exp Toxicol
1997;16(8):473–480.

103. Willems JL, De Bisschop HC, Verstraete AG, et al: Cholinesterase
reactivation in organophosphorus poisoned patients depends on
the plasma concentrations of the oxime pralidoxime methylsulphate
and of the organophosphate. Arch Toxicol 1993;67(2):79–84.

104. Feldmann RJ, Szajewski J: Cholinergic syndrome. In International
Programme on Chemical Safety Poison Information Database
Management Databank, 1998.

105. Thompson DF, Thompson GD, Greenwood RB, Trammell HL:
Therapeutic dosing of pralidoxime chloride. Drug Intell Clin
Pharm 1987;21(7–8):590–593.

106. Bailey B: Are there teratogenic risks associated with antidotes used
in the acute management of poisoned pregnant women? Birth
Defects Res Part A Clin Mol Teratol 2003;67(2):133–140.

107. Bailey B: Organophosphate poisoning in pregnancy. Ann Emerg
Med 1997;29(2):299.

108. Rotenberg JS, Newmark J: Nerve agent attacks on children:
diagnosis and management. Pediatrics 2003;112(3 Pt 1):648–658.

109. U.S. Food and Drug Administration: FDA approves pediatric
doses of AtroPen. Available at http://www.fda.gov.

110. Massachusetts Department of Public Health Office of Emergency
Medical Services: Nerve agent exposure protocol. In Emergency
Medical Services Pre-Hospital Treatment Protocols, 5th ed,
version 5.1, January 1, 2004, http://www.cmemsc.org/protocols-
state/wmd-protocols-intro.pdf.

111. Senanayake N, Karalliedde L: Neurotoxic effects of organophos-
phorus insecticides. An intermediate syndrome. N Engl J Med
1987;316(13):761–763.

112. De Bleecker J, Van Den Neucker K, Willems J: The intermediate
syndrome in organophosphate poisoning: presentation of a case
and review of the literature. J Toxicol Clin Toxicol 1992;
30(3):321–329; discussion, 331–332.

113. Karademir M, Erturk F, Kocak R: Two cases of organophosphate
poisoning with development of intermediate syndrome. Hum Exp
Toxicol 1990;9(3):187–189.

114. Khan S, Hemalatha R, Jeyasselan L, et al: Neuroparalysis and
oxime efficacy in organophosphate poisoning: a study of
butyrylcholinesterase. Hum Exp Toxicol 2001;20(4):169–174.

115. Routier RJ, Lipman J, Brown K: Difficulty in weaning from
respiratory support in a patient with the intermediate syndrome
of organophosphate poisoning. Crit Care Med 1989;17(10):
1075–1076.

116. Samal KK, Sahu CS: Organophosphorus poisoning and
intermediate neurotoxic syndrome. J Assoc Physicians India
1990;38(2):181–182.

117. Curry SC: Organophosphate-associated “intermediate syndrome”:
for real? AACT Clin Toxicol Update 1994;7:1–2.

118. De Bleecker JL: The intermediate syndrome in organophosphate
poisoning: an overview of experimental and clinical observations.
J Toxicol Clin Toxicol 1995;33(6):683–686.

119. Sudakin DL, Mullins ME, Horowitz BZ, et al: Intermediate syn-
drome after malathion ingestion despite continuous infusion of
pralidoxime. J Toxicol Clin Toxicol 2000;38(1):47–50.

120. Aygun D, Doganay Z, Altintop L, et al: Serum acetylcholinesterase
and prognosis of acute organophosphate poisoning. J Toxicol
Clin Toxicol 2002;40(7):903–910.

121. De Bleecker J, Willems J, Van Den Neucker K, et al: Prolonged
toxicity with intermediate syndrome after combined parathion 
and methyl parathion poisoning. J Toxicol Clin Toxicol
1992;30(3):333–345; discussion, 347–349.

122. De Bleecker JL: Intermediate syndrome: prolonged cholinesterase
inhibition. J Toxicol Clin Toxicol 1993;31(1):197–199.

123. De Wilde V, Vogelaers D, Colardyn F, et al: Postsynaptic
neuromuscular dysfunction in organophosphate induced
intermediate syndrome. Klin Wochenschr 1991;69(4):177–183.

124. De Bleecker J, Van den Abeele K, De Reuck J: Electromyog-
raphy in relation to end-plate acetylcholinesterase in rats

CHAPTER 76 Organophosphates and Carbamates 1183



150. de Jong LP, Wolring GZ: Stereospecific reactivation by some
Hagedorn-oximes of acetylcholinesterases from various species
including man, inhibited by soman. Biochem Pharmacol
1984;33(7):1119–1125.

151. Hagedorn I, Gundel WH, Schoene K: Reactivation of
phosphorylated acetylcholine esterase with oximes: contribution
to the study of the reaction course. Arzneimittelforschung
1969;19(4):603–606.

152. Kuhnen-Clausen D, Hagedorn I, Gross G, et al: Interactions of
bisquaternary pyridine salts (H-oximes) with cholinergic
receptors. Arch Toxicol 1983;54(3):171–179.

153. Balai-Mood M, Ayati MH, Ali-Akbarian H: Effect of high doses of
sodium bicarbonate in acute organophosphorus pesticide
poisoning. Clin Toxicol 2005;43(6):571–574.

154. Roberts M, Buckley NA: Alkalinisation for organophosphorus
pesticide poisoning: A review. Cochrane Database Syst Rev
2005:CD004897.

155. Ashani Y, Leader H, Rothschild N, Dosoretz C: Combined effect
of organophosphorus hydrolase and oxime on the reactivation

rate of diethylphosphoryl-acetylcholinesterase conjugates.
Biochem Pharmacol 1998;55(2):159–168.

156. Ashani Y, Rothschild N, Segall Y, et al: Prophylaxis against
organophosphate poisoning by an enzyme hydrolysing organo-
phosphorus compounds in mice. Life Sci 1991;49(5):367–374.

157. Raveh L, Segall Y, Leader H, et al: Protection against tabun
toxicity in mice by prophylaxis with an enzyme hydrolyzing
organophosphate esters. Biochem Pharmacol 1992;44(2):397–400.

158. Raveh L, Grunwald J, Marcus D, et al: Human butyryl-
cholinesterase as a general prophylactic antidote for nerve agent
toxicity. In vitro and in vivo quantitative characterization.
Biochem Pharmacol 1993;45(12):2465–2474.

159. Guven M, Sungur M, Eser B, et al: The effects of fresh frozen
plasma on cholinesterase levels and outcomes in patients with
organophosphate poisoning. J Toxicol Clin Toxicol 2004;42(5):
617–623.

1184 PESTICIDES


