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CHAPTER 150 

Anticholinergics
Larissa I. Velez and Sing-Yi Feng

PERSPECTIVE

Anticholinergic agents are divided into three main groups: anti-
muscarinics, affecting the muscarinic acetylcholine (ACh) recep­
tors; neuromuscular blockers, blocking nicotinic ACh receptors; 
and ganglionic blockers, affecting ACh sympathetic and para­
sympathetic nicotinic ganglia (Fig. 150-1). This chapter refers  
only to antimuscarinic agents, and the terms anticholinergic 
and antimuscarinic are used interchangeably. The prototypical 
anticholinergic agents are the naturally occurring belladonna 
alkaloids—atropine (racemic mixture of d- and l-hyoscyamine), 
scopolamine (l-hyoscine), and hyoscyamine—found in many 
plant members of the Solanaceae family. Atropine is the major 
alkaloid of Atropa belladonna, an important pharmaceutical 
source of that drug. Datura stramonium, or Jimson weed, contains 
scopolamine, grows in almost all climates, and is often involved  
in plant-related belladonna poisoning.1,2 Other plants that have 
antimuscarinic agents include henbane (Hyoscyamus niger) and 
mandrake (Mandragora officinarum).

Physicians (and Renaissance-era Italian women) have used  
belladonna alkaloids for hundreds of years as mydriatics (Box 
150-1).3 The belladonna alkaloids and their synthetic congeners 
are used today as pupillary dilators (atropine, homatropine, tropi­
camide, cyclopentolate), as antispasmodics (dicyclomine), to 
decrease gastric secretions (propantheline), to prevent motion 
sickness (scopolamine), and to treat asthma (ipratropium, tiotro­
pium) and bradycardia (atropine). Atropine and glycopyrrolate 
are used to dry airway secretions and to block vagal responses to 
laryngoscopy and endotracheal intubation. The significant central 
nervous system (CNS) effects of scopolamine also facilitate the 
induction of perioperative amnesia.

The anticholinergic antiparkinsonian agents are synthetic ter­
tiary amine congeners of atropine and include benztropine and 
trihexyphenidyl. They are used as second-line antiparkinsonian 
agents and to counteract the extrapyramidal side effects of neuro­
leptics. These agents readily cross the blood-brain barrier and thus 
exhibit central antimuscarinic effects.

Tolterodine and oxybutynin are anticholinergic agents used for 
the management of urinary incontinence and bladder spasms. 
They have special selectivity for the muscarinic receptors of the 
urinary bladder. These agents do not penetrate the blood-brain 
barrier and thus do not cause significant CNS effects.

Many other drugs with anticholinergic activity cause side effects 
in addition to their main pharmacologic action. Some examples 
are the tricyclic antidepressants, drugs that are structurally related 
to the tricyclics (such as carbamazepine and cyclobenzaprine),  
the phenothiazines, and the antihistamines (H1 blockers). In 
patients with significant toxicity from any of these drugs, these 

antimuscarinic side effects provide valuable diagnostic clues (Box 
150-2; see also Box 150-1).

Accidental and intentional poisoning by anticholinergic drugs 
occurs commonly with over-the-counter antihistamines such as 
diphenhydramine and cyclizine. Poisoning from drugs with only 
anticholinergic effects rarely results in death when adequate sup­
portive care is provided. However, the impaired sweating with an 
anticholinergic overdose may result in fatal hyperthermia in the 
agitated or seizing patient.4,5 Patients taking therapeutic doses of 
anticholinergics are at increased risk of death from heatstroke 
when they are exercising or exposed to heat. Finally, deaths from 
trauma or drowning caused by perceptual distortion are also 
attributed to anticholinergics.6

Poisonings with belladonna alkaloids are common. Deliberate 
ingestions of seeds or teas brewed from the leaves of the ubiqui­
tous Jimson weed for their hallucinogenic effects occur in many 
cultures,1 and it remains popular as a recreational stimulant 
among teenagers.7 Commercially available herbal teas contami­
nated with atropine and smoking of herbal cigarettes cause inad­
vertent poisoning.8,9 A cluster of poisonings occurred in Oslo 
when the difficult-to-detect drug scopolamine was disguised as 
Rohypnol tablets and given to known illicit drug users.10 The taint­
ing of heroin with anticholinergics leading to a complex toxi­
drome has also been reported in drug users in several eastern states 
of the United States.4,5 Although the reason for this tainting was 
never explained, it may have been an attempt to reproduce an old 
combination of scopolamine and morphine used in obstetric 
anesthesia called the twilight sleep.11

PRINCIPLES OF DISEASE

Atropine and atropine-like drugs inhibit muscarinic ACh recep­
tors both centrally and peripherally at the end-organ sites of the 
parasympathetic nervous system (see Fig. 150-1). Although the 
term anticholinergic is commonly used, the most precise term to 
describe the pharmacologic action of these drugs is antimusca-
rinic. These drugs do not block the effects of ACh on nicotinic 
receptors in the ganglia or at the neuromuscular junction, with 
the exception of the synthetic quaternary amines. Muscarinic 
receptors affect smooth muscle function in the eye, intestinal tract, 
and bladder and also regulate sweat, salivary, and mucosal gland 
activity. Cardiac cholinergic receptors associated with vagal nerve 
fibers affect heart rate and conduction through the atrioventricu­
lar node. Muscarinic receptors in the CNS appear to be involved 
in new information storage, general perceptive and cognitive func­
tions, and motor coordination.12-14

Generalized inhibition of muscarinic receptors by atropine 
results in tachycardia, pupillary dilation, loss of accommodation, 
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depression follows the initial CNS stimulation. In adults, CNS 
depression can predominate without an initial CNS stimulation. 
Antimuscarinic effects occur in a predictable order with salivation, 
bronchial secretions, and sweating suppressed first, followed by 
mydriasis and tachycardia. The organs least sensitive to antimus­
carinic drugs are the bladder and the gastrointestinal tract. Patients 
with anticholinergic toxicity often do not exhibit all the signs and 
symptoms described in the toxidrome. Instead, many patients 
present with just a few symptoms; tachycardia (68% of patients) 
and decreased secretions (75% of patients) are the most common.18

Poisoning by anticholinergics has been reported after ingestion, 
smoking, and topical absorption.19 Systemic absorption is common 
after use of eye drops.19,20 Anticholinergics are generally rapidly 
absorbed and widely distributed throughout the body. However, 
with plant and seed ingestions or after an overdose, the onset  
of symptoms can be delayed. Prolonged anticholinergic toxicity  
is also reported, which may indicate slowed gastrointestinal 

inability to sweat, drying of mucosal surfaces, gastrointestinal 
paralysis, and urinary retention. In the CNS, muscarinic inhibi­
tion causes stimulation, seizures, coma, choreoathetosis, memory 
impairment, and perceptual and cognitive dysfunction.12-17 The 
mnemonic “hot as a hare, red as a beet, blind as a bat, dry as  
a bone, mad as a hatter” describes the more florid manifestations 
of the antimuscarinic syndrome. With increasing doses, CNS 

Figure 150-1.  The sites of nicotinic and muscarinic acetylcholine receptors. Ach, acetylcholine; N, nicotinic; NE, norepinephrine; 
NT, neurotransmitter. 1Causing tachycardia, hypertension, diaphoresis, mydriasis. 2Causing diaphoresis. 3Causing bradycardia, diarrhea, 
diaphoresis, urination, miosis, bronchospasm, bronchorrhea, lacrimation, salivation. 4Causing fasciculations. 

Autonomic

Adrenal medulla

ACh N receptor

Adrenal
medulla

Epinephrine
(via blood)

Preganglionic
neuron

Postganglionic
neurons

Ganglia

Effector NT

Target organ

Adrenergic
receptor

Adrenergic
receptor

ACh N receptors

NE Ach

Cardiac and
smooth muscle,

gland cells,
nerve terminals1

Sweat glands2

Ach

Muscarinic
receptor

Muscarinic
receptor

Cardiac and
smooth muscle,

gland cells,
nerve terminals3

Nicotinic
receptor

Skeletal muscle4

α   β

ACh N receptors

Ach

No ganglia

Sympathetic Parasympathetic

Somatic

BOX 150-2

Tricyclic Antidepressants or Related Drugs
Cyclobenzaprine (Flexeril)
Carbamazepine (Tegretol)
Amitriptyline
Imipramine
Doxepin
Amoxapine
Desipramine
Nortriptyline
Glutethimide (Doriden)

Phenothiazines
Chlorpromazine (Thorazine)
Prochlorperazine (Compazine)
Mesoridazine (Serentil)
Thioridazine (Mellaril)

Drugs Exhibiting Anticholinergic Effects as Part 
of Toxic ManifestationsBOX 150-1

Belladonna Alkaloids and Representative 
Synthetic Congeners
Atropine
Scopolamine
Homatropine
Cyclopentolate
Tropicamide
Propantheline (Pro-Banthine)
Ipratropium (Atrovent)

Antiparkinsonians
Benztropine (Cogentin)
Trihexyphenidyl (Artane)
Procyclidine (Kemadrin)
Biperiden (Akineton)
Ethopropazine (Parsidol)

Prototypical H1 Receptor Blockers
Diphenhydramine (Benadryl)
Chlorpheniramine (Chlor-Trimeton)
Brompheniramine (Dimetane)
Cyclizine (Marezine)
Meclizine (Antivert)
Hydroxyzine (Atarax, Vistaril)
Dimenhydrinate (Dramamine)

Phenothiazine
Promethazine (Phenergan)

Drugs Exhibiting Primarily  
Anticholinergic Toxicity
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a cardiotoxic agent, such as a tricyclic antidepressant, carbamaze­
pine, or a phenothiazine, for which the antimuscarinic side effects 
are of less importance. Rarely, diphenhydramine ingestions have 
been associated with sodium channel blockade, causing prolonged 
QRS on the electrocardiogram and possibly leading to ventricular 
arrhythmias.25,26 Peaked T waves from hyperkalemia due to rhab­
domyolysis can occur.36

DIAGNOSTIC STRATEGIES

Mildly symptomatic patients with well-established histories and 
consistent symptoms do not need routine laboratory testing. In 
the seriously poisoned patient, serum electrolyte values, renal 
function, and creatine kinase and glucose concentrations may be 
abnormal. Arterial blood gas measurements document disorders 
of oxygenation and ventilation and detect metabolic acidosis but 
usually are not needed. Blood glucose and oxygen saturation mea­
surements are important in the initial assessment of any patient 
with altered mental status.37-39 An electrocardiogram should be 
performed early because certain anticholinergic medications, such 
as tricyclic antidepressants and diphenhydramine, can block 
sodium channels to cause QRS widening.40

Urine toxicologic screening is rarely useful in the acute setting, 
although it may retrospectively confirm a diagnosis in a seriously 
ill patient. Patients with significant infectious or neurosurgical 
problems often have evidence of an incidental toxin, so a positive 
toxicology screen should not distract the physician from ruling 
out a more serious diagnosis. Serum acetaminophen levels should 
be obtained, especially because many over-the-counter antihista­
mine products contain acetaminophen and cause anticholinergic 
symptoms.

Computed tomography of the brain and a lumbar puncture are 
not necessary unless the patient deteriorates or fails to improve or 
if the history or examination suggests an alternative diagnosis, 
such as subarachnoid hemorrhage, meningitis, or encephalitis.

MANAGEMENT

In the emergency department, many patients with anticholinergic 
poisoning have no clear history of exposure. The patient is often 
unable to provide a history because of the delirium. The diagnosis 
is often suggested solely on the basis of the findings on physical 
examination fitting the antimuscarinic/anticholinergic toxidrome 
(Box 150-3). The general treatment of these poisoned patients 
proceeds with consideration of the broader differential diagnosis 
of the acutely agitated, febrile, or comatose patient and meticulous 
supportive care.30

Agitation

The need for titrated sedation with a benzodiazepine, cooling, 
and hydration takes precedence over specific toxicologic concerns 
in critically ill patients. Physical restraint alone is detrimental  
and is used only briefly to permit rapid pharmacologic interven­
tion.41 Agitation is best controlled by titration of intravenous 
benzodiazepines. Intramuscular lorazepam or midazolam should 
be used only when an intravenous route is not available and 
attempts to establish that route may result in needle sticks or 
other injuries. Haloperidol and droperidol may facilitate intra­
venous placement but theoretically lower the seizure threshold 
and have additional anticholinergic effects.42,43 Pharmacologic 
restraint prevents self-injury, worsening of the hyperthermia, and 
development of myoglobinuric renal failure from muscle injury 
as well as permits a more thorough physical examination and 
diagnostic procedures. Paralysis and intubation should be under­
taken if other clinical imperatives (e.g., refractory shock, coinges­
tants) require it.

absorption of the ingested drug or residual drug in the gastroin­
testinal tract.21,22

CLINICAL PRESENTATION

The diagnosis of acute anticholinergic poisoning is suggested  
by the characteristic anticholinergic toxidrome. Mydriasis, dry 
mucous membranes, absence of axillary sweat, flushed skin, fever, 
tachycardia, decreased or absent bowel sounds, and urinary reten­
tion suggest muscarinic blockade.18,23 The patient is often alert but 
may be nonsensical, agitated, or incoherent. Violent agitation is 
rare. Visual hallucinations are common. Central motor effects may 
be manifested as myoclonus or choreoathetoid movements. Chil­
dren are more sensitive than adults to the CNS stimulant effects 
and more likely to have seizures, typically preceded by signs of 
CNS irritability or depression. Massive ingestions in both adults 
and children are associated with coma and cardiovascular col­
lapse,22,24 but wide-complex tachycardia due to sodium channel 
blockade is rare.25,26

The agitated patient may have an elevated temperature due to 
increased motor activity and impaired heat exchange. In such 
cases, death from hyperthermia supersedes the morbidity of the 
anticholinergic drug itself.27 The hyperthermic patient may have 
hepatic necrosis, rhabdomyolysis with myoglobinuric renal failure, 
cerebral edema, and disseminated intravascular coagulation.

Patients with chronic anticholinergic poisoning are more dif­
ficult to diagnose. They have organic mental symptoms that may 
be incorrectly attributed to dementia or underlying psychiatric 
illness.16,28,29 Significant peripheral anticholinergic signs are typi­
cally absent. Two likely settings for chronic anticholinergic toxicity 
are (1) the elderly patient taking anticholinergic drugs for parkin­
sonism or other chronic diseases and (2) the psychiatric patient 
receiving neuroleptic therapy and prescribed another anticholin­
ergic drug.12,16 Resolution of behavioral or cognitive symptoms 
after withdrawal of the offending drug confirms the diagnosis.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of the comatose, psychotic, delirious,  
or febrile patient is extensive, and serious alternative diagnoses 
should be considered and excluded.30,31 Diagnoses to consider 
include toxicity and withdrawal from a variety of drugs, metabolic 
disorders, CNS infections, and other neurologic diseases.31

The physical examination findings can help refine this broad 
differential diagnosis. Patients with excessive sympathetic stimula­
tion from cocaine or amphetamines exhibit hyperthermia, tachy­
cardia, and dilated pupils but classically have diaphoresis compared 
with the “dry” anticholinergic effects; diaphoresis can be absent  
in severely dehydrated patients. Marked nystagmus, diaphoresis, 
small pupils, and extreme agitation suggest phencyclidine poison­
ing. Lithium or monoamine oxidase inhibitor toxicity usually has 
tremors and significant hyper-reflexia or clonus, which are not 
characteristic of anticholinergic poisoning.32 Patients with sero­
tonin syndrome often present with agitation but often have dia­
phoresis, rigidity, and a tremor that is more prominent in the 
lower extremities.33,34 Neuroleptic malignant syndrome and malig­
nant hyperthermia can also be similar, but these patients display 
rigidity and hyperthermia as prominent physical examination 
features.34,35

The nontoxicologic differential diagnosis of acute agitated 
delirium includes metabolic, endocrine, infectious, neurologic, 
and neurosurgical emergencies. Nuchal rigidity or focality on neu­
rologic examination, physical signs of systemic infection, hepatic 
failure, thyroid disease, hypoglycemia, hypoxia, uremia, or calcium 
abnormalities suggest a nontoxic diagnosis.

Except for sinus tachycardia, electrocardiographic abnormali­
ties from a pure anticholinergic overdose are unusual and suggest 
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diphenhydramine and phenothiazines; however, there is no evi­
dence that it improves outcome, and it should not be used to 
decontaminate patients poisoned with a relatively benign drug.45

Physostigmine as an Antidote

Physostigmine is a naturally occurring acetylcholinesterase inhibi­
tor, like neostigmine, pyridostigmine, and edrophonium. These 
agents block the degradation of ACh, which then accumulates in 
the synaptic space and overcomes the effects of ACh receptor 
blockade. Physostigmine, as a tertiary amine, is the only agent that 
can cross the blood-brain barrier and overcome both central and 
peripheral muscarinic blockade.

The role of physostigmine in the management of anticholiner­
gic overdoses has been controversial.46 In the absence of anticho­
linergic blockade, physostigmine itself can precipitate cholinergic 
excess, causing seizures, muscle weakness, bradycardia, broncho­
constriction, lacrimation, salivation, bronchorrhea, vomiting,  
and diarrhea. Even in documented cases of anticholinergic toxic­
ity, seizures have been reported after the rapid administration of 
physostigmine.47 Asystole has occurred after physostigmine for 
tricyclic antidepressant overdose,48 so a conduction delay (QRS > 
0.10 second) or suggestion of tricyclic antidepressant ingestion  
is generally considered a contraindication to physostigmine 
administration.49,50

Physostigmine reverses delirium in 87% and agitation in 96% 
of patients with anticholinergic overdose.51 Whereas benzodiaze­
pines controlled agitation in 24% of patients, they do not reverse 
delirium.51 Physostigmine is primarily used for patients with anti­
cholinergic signs and symptoms with suspected anticholinergic 
overdose who have a normal QRS on the electrocardiogram.23,52 
The reversal of coma or severe agitation and normalization of 
mental status obviate the need for further diagnostic evaluation.

To minimize toxicity, physostigmine should be infused during 
5 minutes in an initial dose of 1 to 2 mg for adults and 0.02 mg/
kg (max. 0.5 mg) for children. This dose can be repeated in 10 to 
15 minutes until a clinical response is obtained because the onset 
of action is within minutes. Atropine should be available at the 
bedside to reverse cholinergic side effects, and the physostigmine 
infusion should be immediately stopped if signs of cholinergic 
excess develop. If atropine needs to be used, it should be admin­
istered at half the dose of physostigmine. Because physostigmine 
has a relatively short duration of action of 1 hour, repeated doses 
may be required if clinical relapse occurs.

Physostigmine has been used to treat anticholinergic delirium 
with a host of pharmaceuticals for which the anticholinergic  
effect is a side effect and not the main pharmacologic action of 
that drug and with other ingestions, such as benzodiazepines, 
γ-hydroxybutyrate (GHB), and narcotics. Currently, its use for 
nonanticholinergic presentations is not recommended and  
potentially dangerous.53,54 Relative contraindications include 
reversible airway disease, peripheral vascular disease, bladder or 
intestinal obstruction, intraventricular conduction delays, and 
atrioventricular blocks. There is little information on its use 
during pregnancy.

DISPOSITION

Most patients with anticholinergic overdoses recover rapidly  
with sedation, temperature control, hydration, and observation. 
Patients with hyperthermia, agitation, coma, or seizures should be 
admitted to an intensive care unit.

Patients who are alert or have symptoms and vital signs that 
normalize during observation in the emergency department  
do not require hospital admission. The onset of symptoms after 
most anticholinergic ingestions is rapid, and 4 hours of observa­
tion is adequate to exclude significant toxicity in an asymptomatic 

BOX 150-3

Toxic
Steroids
Lithium
Salicylates
Anticholinergics
Sympathomimetics (cocaine, amphetamines)
Phencyclidine
Mushrooms containing muscimol/ibotenic acid (Amanita spp.)
Monoamine oxidase inhibitors
Solvents
Carbon monoxide
Sedative-hypnotic withdrawal

Metabolic
Sodium disorders
Hypoglycemia
Hypercarbia
Hypoxia, severe anemia
Calcium disorders
Uremia
Thyrotoxicosis
Hepatic encephalopathy
Hypertensive encephalopathy
Shock
Sepsis

Infectious or Inflammatory
Meningoencephalitis
Meningitis
Vasculitis

Neurologic or Neurosurgical
Cerebrovascular accident
Subarachnoid hemorrhage
Subdural or epidural hematoma
Frontal contusion
Postictal state
Temporal lobe seizures

Differential Diagnosis of Delirium

Hyperthermia

Deaths of agitated patients can be associated with unrecognized 
hyperthermia. The patient’s core temperature should be measured 
with a flexible rectal probe. Aggressive temperature reduction with 
ice water or evaporative cooling with mist and fans should be the 
first priority in the severely hyperthermic patient. Antipyretic 
agents and simple cooling blankets are ineffective. Intravenous 
benzodiazepines should be used to prevent shivering, which can 
hinder adequate cooling. Dantrolene, a drug that decreases rigidity 
caused by abnormal calcium fluxes in muscle tissue in malignant 
hyperthermia, has no role in treatment of hyperthermic patients 
who do not have muscle rigidity.44

Seizures

Seizures should be treated as usual with intravenous benzodiaze­
pines. In the absence of intravenous access, intramuscular loraz­
epam or midazolam or rectal diazepam can be used, especially in 
children. Phenytoin is not effective for most toxin-induced sei­
zures. The second-line agents for the management of toxin-
induced seizures should be barbiturates. Status epilepticus is rare 
in anticholinergic poisoning and should strongly suggest an alter­
native diagnosis.

Drug Removal

Routine decontamination of the patient with anticholinergic  
poisoning is not necessary.45 Activated charcoal does adsorb 
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The references for this chapter can be found online by 
accessing the accompanying Expert Consult website.

patient. Patients who have ingested D. stramonium seeds should 
be observed for 8 hours because of delayed absorption.55 Predis­
charge measures can include psychiatric assessment; exclusion of 
other toxins, including documentation of a nontoxic acetamino­
phen level; and assessment of a child’s home situation.

■	 Anticholinergic effects from medications and plants are 
extremely common.

■	 Lack of sweating is common with an anticholinergic and rare 
in a sympathomimetic toxidrome.

■	 Hyperthermia and agitation should be treated with cooling 
and benzodiazepines.

■	 Physostigmine has intrinsic toxicity and is not necessary in 
most cases of anticholinergic poisoning.

■	 Physostigmine is contraindicated in cases of tricyclic 
antidepressant toxicity or with sodium channel blockade 
effects (as evidenced by a wide QRS).

KEY CONCEPTS
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