
British Journal of Clinical
Pharmacology

DOI:10.1111/bcp.12839
516
Pharmacological management
of anticholinergic delirium -
theory, evidence and practice
Andrew H. Dawson1,2 & Nicholas A. Buckley1,3

1NSW Poisons Information Center, Westmead Childrens Hospital, Sydney, 2Central Clinical School,

Royal Prince Alfred Hospital, University of Sydney, Sydney, 3School of Pharmacology, Sydney Medical

School, University of Sydney, D06 - Blackburn Building, Sydney, NSW 2006, Australia
© 2/ 516–524 / 81:3 / Br J Clin Pharmacol
Correspondence
Professor Andrew Dawson, Drug Health,
King George V Building, Royal Prince
Alfred Hospital, Camperdown NSW 2050
Australia.
Tel.: +61 (2) 9515 6419
Fax: +61 (2) 9515 5779
E-mail: andrew.dawson@sydney.edu.au
----------------------------------------------------

Keywords
antidotes, delirium, physostigmine
----------------------------------------------------

Received
20 October 2015

Accepted
16 November 2015

Accepted Article
Published Online
21 November 2015
The spectrum of anticholinergic delirium is a common complication following drug overdose. Patients with severe toxicity can have significant distress
and behavioural problems that often require pharmacological management. Cholinesterase inhibitors, such as physostigmine, are effective but
widespread use has been limited by concerns about safety, optimal dosing and variable supply. Case series support efficacy in reversal of anticholinergic
delirium. However doses vary widely and higher doses commonly lead to cholinergic toxicity. Seizures are reported in up to 2.5% of patients and
occasional cardiotoxic effects are also recorded.
This article reviews the serendipitous path whereby physostigmine evolved into the preferred anticholinesterase antidote largely without any research to
indicate the optimal dosing strategy. Adverse events observed in case series should be considered in the context of pharmacokinetic/pharmacodynamic
studies of physostigmine which suggest a much longer latency before the maximal increase in brain acetylcholine than had been previously assumed. This
would favour protocols that use lower doses and longer re-dosing intervals. We propose based on the evidence reviewed that the use of cholinesterase
inhibitors should be considered in anticholinergic delirium that has not responded to non-pharmacological delirium management. The optimal
risk/benefit would be with a titrated dose of 0.5 to 1 mg physostigmine (0.01–0.02 mg kg�1 in children) with a minimum delay of 10–15 min before
re-dosing. Slower onset and longer acting agents such as rivastigmine would also be logical but more research is needed to guide the appropriate dose
in this setting.
Anticholinergic toxins

The use of anticholinergics has a long history that predates
medical science. This includes ritual, recreational and
therapeutic use of plants containing atropine, hyoscyamine
and scopolamine [1]. Atropa belladonna’s name reflected its
use by Italian renaissance women as a beauty aid to cause
their eyes to dilate and sparkle and their cheeks to gain
colour.

Common anticholinergic agents should be more accu-
rately referred to as an antimuscarinics, as these agents
do not generally block nicotinic receptors. They are
typically responsible for 15–20% of acute poisoning
admissions [2–6], up to 40% of poisoning admission to
intensive care units [7, 8] and 16% of poison centre calls [9].
‘Anticholinergic’ agents are diverse and can be considered
broadly as being within three categories (Table 1).

All may lead to the development of an anticholinergic
toxidrome that may have both peripheral and central
nervous system components. Cholinergic deficiency is
recognized as a likely contributing feature to all causes of
delirium [10]. Consequently, antimuscarinic agents are
used to create animal models of dementia and delirium.
This in turn has fostered extensive research into the
pharmacokinetics and pharmacodynamics of physostigmine
and other therapeutic oral and transdermal cholinesterase
inhibitors [11–13].
Anticholinergic toxidrome: clinical
features and diagnosis

Mechanisms
The classical anticholinergic clinical syndrome is a mani-
festation of competitive antagonism of acetylcholine at
peripheral and central muscarinic receptors. There are at least
five muscarinic subtypes, with distinct but overlapping tissue
distributions [14]. M1 receptors are located primarily in the
central nervous system and are involved in perception, atten-
tion and cognitive functioning. Delirium is only associated
015 The British Pharmacological Society



Table 2
Scale used for grading the severity of CNS stimulation [21]

Severity score Clinical findings

0 Relaxed, cooperative

1 Anxious, irritable, tremulous

2 Intermittently or mildly disoriented, confused, and hallucinating,

moderate agitation and motor hyperactivity

3 Incomprehensible speech,marked agitation andmotor hyperactivity

(requiring restraints)

4 Seizures, deep coma (unresponsive to voice or pain)

Table 1
Mechanisms contributing to anticholinergic delirium. Adapted from [10]

Mechanism Examples

Predominant muscarinic
antagonists

Atropine, scopolamine, hyoscine,

benztropine Includes many plants

Muscarinic antagonists
with other mixed effects

Antihistamines, tricyclic antidepressants,

antipsychotics

Decrease ACh release Carbamazepine, opiates, cannabinoids,

ethanol, clonidine

Decrease ACh synthesis Thiamine deficiency

Anticholinergic delirium
with the antagonism of post-synaptic M1 receptors and
to date other receptor subtypes have not been impli-
cated [15]. Peripheral muscarinic receptors are part of
the autonomic nervous system and innervated by
postganglionic cholinergic nerves. M2 receptors are
located in the brain and heart, M3 receptors are in
salivary glands and M4 receptors are in the brain and
lungs [14].

There is considerable heterogeneity in the clinical
expression of the ‘anticholinergic toxidrome’. The main
individual patient factor/modifier is reduced baseline
cholinergic function associated with increasing age or
central nervous system (CNS) disease. The peripheral
syndrome includes dry mouth, difficulty in swallowing,
blurred vision and photophobia (due to dilated pupils
that only weakly constrict with light). Some other drug
actions (i.e. from drugs with multiple actions or from
co-ingested agents) lead to reduced pupil size but pupil-
lary reactions will generally still be sluggish. The skin,
including axilla and groin, may be dry. Bowel sounds may
be absent and patients may even present with a paralytic
ileus (pseudo-obstruction). Reduced gastrointestinal motil-
ity may lead to prolonged absorption, delayed peaks and
prolonged effects [16, 17]. Urinary retention is common
and will exacerbate the delirium. Sinus tachycardia is
common. Blood pressure may be either low secondary to
peripheral vasodilation or elevated due to agitation. Fever
correlates with severity of delirium. It is unclear if this is
due to fever exacerbating delirium or simply that it is amea-
sure of anticholinergic effects. Mechanisms for fever include
decreased heat loss (due to absent sweating), increased
heat production (due to agitation and activity) and CNS
dopamine mediated temperature dysregulation [18, 19].

The central anticholinergic syndrome is most commonly
manifested as agitation that may progress to a hyperactive
(agitated) delirium, often with pressured, incoherent
speech, and visual and/or auditory hallucinations. Patients
may have visual perceptual abnormalities and be seen to
be picking at objects on their bed sheets. This may be
precipitated by asking the patient to pick up small pieces
of white tissue. They will either be unable to distinguish
the tissue or continue to pick at non-existent tissue.
Hypoactive and mixed delirium syndromes also occur
although it is usual for most patients to have a period of
hyperactive delirium. The diagnosis of hypoactive delirium
is not always obvious and may only be picked up consis-
tently in patient populations by systematic use of screening
tools such as the Confusion Assessment Method [20].
Even in the presence of an agent strongly associated with
anticholinergic delirium the diagnosis of other underlying
causes of delirium needs to be considered. The likelihood
of a different diagnosis or multifactorial delirium increases
with age and comorbidity.

The clinical diagnosis of anticholinergic deliriummay be
supported by the presence of peripheral anti-muscarinic
effects but it is common for delirium to persist when many
or all of the peripheral effects have resolved [21, 22]. A
relatively common scenario is anticholinergic delirium that
is only noted following extubation, often with minimal or
no peripheral anticholinergic signs. This phenomenon
might be attributed to development of greater tolerance
at peripheral receptors, higher M1 affinity and longer per-
sistence at CNS receptors [23], and relatively greater CNS
susceptibility due to age or disease related CNS cholinergic
dysfunction. Significant pharmacodynamic variation at
receptors is supported by healthy volunteer studies that
show a poor correlation between concentration and
peripheral antimuscarinic effects [24].

The anticholinergic syndrome may be accompanied by
sedation, coma, seizures and/or cardiovascular toxicity not
mediated by muscarinic antagonism but secondary to
other drug effects on other receptors or ion channels. In
particular the assessment for evidence of cardiotoxicity
such as QT or QRS prolongation is important both for
general management and for risk assessment for the use
of cholinesterase inhibitors.

Only one study has attempted to quantify severity of
the central syndrome. A scale was adapted from one used
for amphetamine toxicity using published descriptors of
anticholinergic toxicity (Table 2) [21]. Other studies have
used delirium as a categorical outcome [25] or, even more
vaguely, simply reported physician assessed improvement
without describing the prior state [26].
Cholinesterase inhibitors
The ideal antidote for the anticholinergic syndrome would
be a selectiveM1 receptor agonist. Some are in development
Br J Clin Pharmacol / 81:3 / 517
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but none is in clinical use [27]. However, there is also a strong
mechanistic rationale for the use of titrated doses of CNS
active cholinesterase inhibitor. Physostigmine is the proto-
typical therapeutic cholinesterase inhibitor and the most
commonly reported in therapeutic use for anticholinergic
delirium.

Physostigmine was introduced following observations
of the trial by ordeal conducted by the Efik people in
West Africa. The suspect swallowed the physostigmine-
containing Calabar bean (Physostigma venenosum) resulting
in a cholinergic crisis. They were declared innocent if they
survived [28]. The plant was imported to Europe and physo-
stigmine was isolated in 1864. It was subsequently noted to
antagonize the effects of atropine and curare. The earliest
use of physostigmine to reverse anticholinergic delirium
was in 1864 by Kleinwachter who treated prisoners who
had mistakenly consumed atropine [29].

Acetylcholinesterase (AChE) inhibitors such as physo-
stigmine reduce the breakdown of synaptic acetylcho-
line. Increased concentrations of synaptic acetylcholine
compete for binding with the muscarinic antagonist
but also stimulate unblocked nicotinic receptors. Further,
some cholinesterase inhibitors such as physostigimine
are direct nicotinic receptor agonists at the same
concentrations that produce cholinesterase inhibition
but independent of AChE inhibition [30–33]. Stimulation
of hippocampal nicotinic receptors is both directly
proconvulsant and also facilitates the generalization of
seizures from other toxins [34–36].

Inhibition of erythrocyte cholinesterase is strongly
correlated with brain AChE inhibition in humans and
mice [37] and thus is often used to quantify anticholines-
terase activity. There is a linear relationship between
physostigmine dose and cholinesterase inhibition until
a ceiling effect of maximum inhibition is reached [38].
This ceiling effect has been demonstrated for brain
AChE, erythrocyte AChE and plasma AChE [31]. The rate
(as opposed to extent) of cholinesterase inhibition has
been suggested to correlate with adverse effects [13].

After intravenous administration physostigmine has
a very rapid distribution and plasma elimination
(distribution half-life of 2.3 min and elimination half-life
of 22 min) [39]. This is shorter than the half-life of most
causative anticholinergic agents. However, there is sub-
stantial evidence that both the onset and offset of effects
are much slower than might be expected from these
kinetic parameters (i.e. hysteresis).

Positron emission tomography studies of [11C]-labelled
physostigmine in primate brains show regional variation
in physostigmine distribution with peak CNS radioactivity
achieved 2 to 3 min after injection [40]. Increased cortical
acetylcholine is inversely related to cholinesterase inhi-
bition [41]. However, following attainment of peak AChE
inhibition there was a delay of 25 min in achieving peak
whole brain acetylcholine concentrations in a rat model
[42, 43]. Similarly effects persist beyond the time frame
518 / 81:3 / Br J Clin Pharmacol
expected for a 22 min half-life. Fifty percent inhibition of
acetylcholine esterase recovered to baseline only after
100 min [44, 45].

Current practice: variations in management
General principles of non-pharmacological delirium
management including frequent orientation and expla-
nation to the patient, involvement of friends/family and
nursing in a low stimulus environment, all still apply in
this situation and may be effective in less severe cases.
Benzodiazepines may have an adjunctive role in patients
whose predominant symptom is mild to moderate agita-
tion without hallucinations or thought disorder (severity
score 1, Table 2). However escalating doses of benzodiaz-
epines as primary treatment for severe delirium is associ-
ated with increased need for intubation [21] and disinhibited
delirium [46]. In patients with severe agitated delirium in
the general emergency medicine setting the most appro-
priate non-specific symptomatic treatment is droperidol,
which has lower M1 antagonism and seizure risk than
other neuroleptics and been shown not to cause QT
prolongation at doses of 10 to 20 mg [47]. In the context
of anticholinergic delirium this would correlate with a clin-
ical severity score of 2 or 3 (Table 2), a severity when many
clinicians would consider the use of physostigmine.

Internationally there is considerable variation in phy-
sostigmine’s registration and supply status and therefore
local clinical experience. In the US, there is a consensus
that physostigmine is an essential antidote but not in
the UK [48]. Elsewhere, there is not even much support
for routine availability in emergency departments [XREF
editorial on antidotes]. This contributes to a diverse set
of viewpoints on the role of physostigmine in anticholin-
ergic delirium and its efficacy and safety. It is our view
that this might partly reflect some misconceptions about
the selectivity and time course of pharmacological ef-
fects, unintended consequences of variations in dosing
strategies and poor documentation of efficacy data in
this heterogenous syndrome.

There is a significant variation in clinical practice. In
one multicentre series of units with attending clinical
toxicologists, 815 consecutive patients with anticholiner-
gic toxidromes were analyzed. Within this cohort of
patients 47% received no pharmacological treatment,
29% received benzodiazepines alone, 9% received both
physostigmine and benzodiazepines, 12% were given
physostigmine alone and 2.7% were given antipsychotics
[49]. However, just 4/29 centres were responsible for 63%
of cases where physostigmine was used. In another se-
ries 32% of all poisoned patients received physostigmine
for either diagnostic or therapeutic uses [26]. This
exceeded the numbers ingesting recognized anticho-
linergic agents. It is thus clear that vastly differing local
practices or guidelines for physostigmine use exist.
The variation greatly exceeds the modest diversity that
might reflect differing patient acuity or causal agents
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(which could in turn influence treatment decisions), or
access to physostigmine [50].

A note on evidence for patient selection
Underpinning evidence in relation to efficacy, optimal
dosage regimens and the risk of adverse reactions is a
need to have defined patients who are likely to have a
favourable risk/benefit. There is very substantial variation
in described or implied treatment thresholds, contraindi-
cations and dosing protocols in published case reports
and case series [22]. The most explicit indications are
suggested by Burns’ severity score 2 and 3 (Table 2) [21].
Some case series have such broad or ill-defined indica-
tions for physostigmine, that it appears likely that physo-
stigmine has been used as an analeptic in comatose
patients [26, 51]. Such series are hard to use to assess
efficacy or optimal doses in the treatment of delirium,
but all case series provide evidence relevant for assessment
of safety.

Evidence for efficacy
Anyone who has used physostigmine will have observed
that there can be dramatic, complete and rapid initial
and repeated responses in the mental state of some pa-
tients with anticholinergic delirium. In retrospective or
prospective case series of patients who have taken drugs
with known anticholinergic activity (Table 3) positive
clinical responses to physostigmine range from 83 to
100%. In pure anticholinergic delirium, physostigmine
appears superior to benzodiazepines, controlling agita-
tion and reversing delirium in 96% and 87%, respectively.
Benzodiazepines alone controlled agitation in only 24%
of patients and had no effect on delirium. Patients who
received physostigmine compared with benzodiazepines
had a lower rate of complications (primarily need for
intubation), faster resolution of delirium and a shorter
length of stay [21]. Variable methods have been used to
record response including retrospective scoring systems
[21, 25], descriptive physician assessment [26, 51] and
prospective grading of delirium [52]. The time course of
response is also poorly described in many studies, a
consideration of which is critical to when further doses
should be tried.

In complete responders the rate of delirium recur-
rence requiring repeated doses of physostigmine ranges
from 31 to 90% [21, 25, 53]. The frequency and timing of
relapse appears to be due to the shorter half-life and
duration of action of physostigmine compared with
many anticholinergic agents. Longer acting agents might
thus be regarded as preferable. There is limited evidence
for such agents, although generally the expected
response is also reported with such agents. For example,
in a tightly controlled prospective crossover study in
army volunteers it was demonstrated that the intravenous
(but not oral) administration of the potent cholinesterase
inhibitor VX reversed the anticholinergic toxidrome [54].
Other longer acting cholinesterase inhibitors such as
galantamine, donepezil and tacrine have shown efficacy
in the treatment of anticholinergic delirium [55–59]. A
prospective dose escalation study of 15 to 60 mgs intra-
venous tacrine in 11 patients with anticholinergic delirium
suggested a dose related response [57] with maximal
doses lower than those used in dementia [60, 61]. This
is as expected but highlights the need for dose-
ranging studies before sensible treatment guidelines
can be made which incorporate these other cholines-
terase inhibitors.

Physostigmine dosing regimens
When physostigmine was suggested to be potentially
life-saving, reported doses were large and fairly rapid;
for example ‘2 mg over 3 to 5 min’ [62] and ‘1–4 mg
slowly intravenously’ [63]. There are at least four different
approaches to physostigmine dosing described in larger
series (Table 3). Some persist to this day with the rapid
bolus method (e.g. ‘2 mg over 4 min’ [26]), while some
suggest titration of dosing with 5 min between doses,
either to a similar maximum dose [25] or with no maxi-
mum dose [21]. Interestingly, the rate of titration
substantially determines the reported final effective
dose. Physostigmine at 1 to 2 mg over 3 to 5 min with
additional titrated doses of 0.5 to 1 mg every 5 min until
delirium resolved or cholinergic signs appeared, resulted
in a 2.2 mg mean dose before response. [21]. A titration
regimen with roughly 50% of these doses at the same
intervals had a mean 1.3 mg dose before response [25].
The similar time to response but much lower mean dose
with lower dose titration suggests that 5 min may be
insufficient time to determine if the previous dose is
effective before re-dosing. Median doses of 0.8 and
1.2 mg of physostigmine were effective in reversal of
post-operative anticholinergic delirium in two case
series [51, 52]. The dose of physostigmine was titrated
to be twice the dose of the pre-operative scopolamine
or atropine medication.

Evidence on safety and adverse effects
Excessive cholinesterase inhibition (for example by phy-
sostigmine) would lead to cholinergic toxicity including
peripheral muscarinic effects (hypersecretion, broncho-
spasm, bradycardia, nausea, vomiting), peripheral nicotinic
effects (e.g. neuromuscular weakness) and CNS effects
(coma and seizures). The major safety concern arises be-
cause many drugs causing anticholinergic delirium also
cause seizures or cardiovascular toxicity. In the 1970s phy-
sostigmine was suggested to be potentially life-saving in
tricyclic antidepressant (TCA) toxicity [64, 65]. This sugges-
tion overrated the anticholinergic contribution to the tricy-
clic toxidrome and also likely contributed to excessive
doses. Subsequently, deaths and other serious adverse ef-
fects associatedwith the use of physostigminewithin hours
following tricyclic antidepressant ingestion prompted a
Br J Clin Pharmacol / 81:3 / 519



Table 3
Summary of clinical case series using physostigmine

Study Physostigmine pprotocol
Response
dose (mg)

Response
rate %

Cholinergic
events % (95% CI)

Seizures %
(95% CI)

Cardiac adverse
events % (95% CI)

[26]¶ n = 329 2 mg over 4 min, repeat doses 1–2 h

as needed. Wide range of agents

including non-muscarinic antagonists

Not reported >90 § 6.4 (4.2, 9.6) 0.61 (0.17, 2.19)* 0.3 (0.5, 1.7)

[26] ** n = 868 Not reported >90 § Not reported 0.8 [0.39, 1.66]* 0.12 (0.2, 0.65)

[25] ** n = 39 0.5 mg every 6–7 min titrated against

response in patients with a clinical

diagnosis of anticholinergic delirium

Mean 1.3

Median 1

100 (19/19])§ 0 (0, 9) 2.56 (0.45, 13.18) 0 (0, 9)

[21] ** n = 45 1–2 mg over 3 to 5 min, with repeated

doses of 0.5–1 mg every 5 min until delirium

resolved or cholinergic signs occurred.

Restricted to patients known to have

taken muscarinic antagonists

Mean 2.2

(IQR 0.5–6)

92 11.1 (4.8, 23.5) 0 (0, 7.9) 0 (0, 7.9)

[51] ** n = 183 Titrated dose of physostigmine to double

the known dose of atropine or scopolamine.

Postoperative patients† (27 with delirium

and 156 prolonged drowsiness)

Median 1.2 100 (27/27) 50 increased

salivation ‡

0 (0, 12.5) 0 (0, 12.5)

[52]¶ n = 31 Titrated dose of physostigmine to double the

known dose of atropine or scopolamine.

Post-operative patients (30 with delirium

and one prolonged drowsiness)

Median 0.8

(IQR 0.6–1)

84 (25/30) 0 (0, 11.4) 0 (0, 11.4) 0 (0, 11.4)

*Protocol includes pretreatment with benzodiazepines. †Received barbiturate with anaesthetic. ‡No other cholinergic signs reported it is not clear if this is reporting a return to
normal salivation, no treatment was required. §Response in those drugs with known muscarinic antagonism. ¶Prospective study. **Retrospective.
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major reappraisal of indications and contra-indications by
many clinicians [62]. A causal interpretation that events
are adverse effects of physostigmine is tempered by the
major contribution of the TCA overdose [66]. However, it
is plausible that excessive cholinergic effects could cause
seizures, bradycardia or tachycardia, or increase the rate
of TCA absorption.

Some cases series exclude higher risk groups, in
particular patients with QRS prolongation indicating pos-
sible sodium channel blocking drug ingestion [21, 25].
Others have used physostigmine regardless of ECG
findings [26] and reported no serious cardiac events.
In this series, no toxicity was seen in 315 patients with
TCA poisoning (rate 0%, 95% CI 0, 1.2%) [26]. No car-
diac toxicity was seen in 111 patients whose baseline
QRS was greater than 100 ms. Just one patient devel-
oped premature ventricular ectopic beats following
physostigmine and this was in diphenhydramine over-
dose [26].

Seizures (generally self-limited) are reported in many
series (Table 3), with an overall rate of around 1%. This
is likely influenced by patient selection and dosing proto-
cols. The largest series reports a seizure rate of 0.6% in
patients with a wide range of ingestions. However pa-
tients who had taken known proconvulsant drugs were
pretreated with lorazepam [26]. Physostigmine use was
associated with higher rates of seizures (OR 8.7, 95% CI
1.4, 53.9) in a series of 43 cases of maprotiline poisoning
suggesting a causal relationship [67].

Treatment protocols with a target dose of 2 mg ad-
ministered within 5–10 min commonly report signs of
520 / 81:3 / Br J Clin Pharmacol
cholinergic excess, for example 6.4% 95% CI 4.2, 9.6 [26]
and 11.1% [21] (Table 3). As physostigmine can cause
bronchospasm a history of asthma is a relative contrain-
dication but exacerbations of asthma have not been re-
ported in these case series. Overall authors considered
cholinergic symptoms to be mild, and these adverse
effects are more an indication of probable excessive
doses rather than an established safety concern. Much
lower rates of cholinergic adverse effects in those stud-
ies with regimens resulting in lower doses [25, 51, 52]
further suggest that faster administration protocols
are commonly overshooting the required dose, perhaps
due to failure to account for pharmacokinetic delay in
response.

Is a better strategy evident?
Substantial clinical experience supports the efficacy of
anticholinesterases, such as physostigmine, in treating
anticholinergic delirium that has not responded to non-
pharmacological delirium management. Further, anti-
dotal efficacy is supported by a plausible biological
mechanism and numerous controlled animal and human
volunteer studies. The safety concerns are real but may
have been over-stated, particularly in regard to cardio-
vascular toxicity. They may also be largely avoidable by
better patient selection and more conservative dosing
strategies. Other therapeutic cholinesterase inhibitors
with different administration routes and kinetics might
prove better alternative treatment options with reduced
need for repeat dosing. However, these postulated
improvements in treatment need better evidence to



Table 4
Pharmacokinetic characteristics of marketed anticholinesterases with CNS activity

Name Route Bioavailability tmax t1/2 Metabolism/Elimination

Physostigmine i.v., oral 3–22% 3 min 22 min Cholinesterase-mediated hydrolysis

Tacrine Oral 17–33% 1–2 h 1.3–2.0 h CYP1A2, CYP2D6

Donepezil Oral 100% 3–5 h 70–80 h CYP2D6, CYP3A4

Rivastigmine Dermal, oral 40% 0.5–2 h 2 h Cholinesterase-mediated hydrolysis

Galantamine Oral 85–100% 0.5–1 h 5–7 h CYP2D6, CYP3A4

Anticholinergic delirium
support them if they are to then become widely adopted.
In particular it is a problem that a clear description of
indications, responses, adverse effects and dosing strategies
is lacking even for many of the most widely used physo-
stigmine dosing regimens.

Despite that caveat, we believe rapid intravenous
dosage protocols that administer 1–2 mg and give
further doses every 5 min are a suboptimal legacy of
the original recommendations. These are not consistent
with the known timeframe for maximal pharmacody-
namic response. While maximal brain concentrations
are rapidly achieved, this ignores the much longer lag
to increase brain acetylcholine. Such protocols would
be expected to lead frequently to excessive doses
and toxicity. As the dose leading to response is fre-
quently reported to be less than 2 mg there is also
little justification for 2 mg being a starting dose. Slower
dosing may also reduce adverse effects due to unop-
posed nicotinic stimulation, by allowing time for desen-
sitization. Early nicotinic effects may contribute to
seizures. In anticholinesterase poisoning, seizures are
much more common with agents that rapidly achieve
high CNS AChE inhibition (such as nerve agents) and
quite rare in agents that take hours to reach peak
effects [68–70].

Most clinical studies exclude patients who are known
to be at high risk of cardiotoxicity and cardiac toxicity
was uncommon and not life-threatening in these series.
However, we have no evidence to suggest that excluding
such patients is unnecessary and would recommend that
ECG screening and monitoring for a short period is
optimal.

Slower onset and longer acting agents are in wide-
spread use and appear to be more logical for many
settings where prolonged delirium is expected (Table 4).
It may make sense to reserve these for those with a clear
diagnosis or where a relapse has occurred following a
response to physostigmine. We believe there are good
grounds for clinical toxicologists to experiment cau-
tiously with such agents but would encourage them to
document and report carefully their favourable and
unfavourable experience. Such documentation requires
the prospective use of clinically meaningful scoring
systems (Table 2) [21] to describe patient severity and
outcomes and treatment associated adverse events.
Conclusions

Physostigmine is an effective and relatively safe agent
to use in anticholinergic delirium. It should be avoided
in those at very high risk of seizures or with evidence
of cardiac toxicity. A titrated dose of 0.5 to 1 mg
(0.01–0.02 mg kg�1 in children) with a minimum delay
of 10–15 min before re-dosing is likely to have similar
response rates but greater safety than most current
dosing strategies. Other sedatives and non-drug strate-
gies are important in many patients, especially those
with non-cholinergic factors possibly contributing to
toxicity or delirium.
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