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Abstract
Introduction In contrast to information on the effects of organophosphate, pesticide, or environmental exposures, data on
cholinergic crisis caused by pharmaceutical cholinesterase inhibitors are sparse. The present study aimed to describe the char-
acteristics, demographics, and mortality of patients with cholinergic crisis caused by pharmaceutical cholinesterase inhibitors
using a nationwide inpatient database in Japan.
Methods We identified patients diagnosed with cholinergic crisis as a result of taking cholinesterase inhibitor medications in the
Japanese Diagnosis Procedure Combination inpatient database from July 2010 to March 2016. We examined the patients’
characteristics, treatments, and mortality.
Results A total of 235 patients with cholinergic crisis were identified during the 69-month study period. Forty-eight patients
required mechanical ventilation (20.4%), and 15 patients died (6.4%) in hospital. The median lengths of hospital stay and
intensive care unit stay were 15 days (interquartile range, 6–42) and 4 days (2–8), respectively. Approximately half of all
hospitalized patients required catecholamines, atropine, or mechanical ventilation, while the other half did not require any of
these treatments. Patients who required catecholamines, atropine, or mechanical ventilation were more likely to die and had
longer hospital stays.
Conclusions Cholinergic crisis caused by pharmaceutical cholinesterase inhibitors is a rare but potentially life-threatening con-
dition. Patients who require mechanical ventilation and catecholamines or atropine have a poorer prognosis.

Keywords Cholinergic crisis . Cholinesterase inhibitor . Distigmine bromide . Side effect . Database

Introduction

Acetylcholinesterase terminates synaptic transmission
through hydrolyzation of the neurotransmitter acetylcholine
in brain synapses and neuromuscular junctions [1, 2].
Irreversible inhibition of acetylcholinesterase with organo-
phosphorus compounds [1] leads to overstimulation of cho-
linergic receptors via excessive accumulation of acetylcho-
line, resulting in respiratory failure or even death [3].

Although reversible cholinesterase inhibitors are beneficial
for the treatment of Alzheimer’s disease [4–6], myasthenia
gravis [7], and neurogenic bladder [8, 9], they can still cause
adverse cholinergic reactions. Excessive cholinesterase inhi-
bition can cause cholinergic crisis, defined by symptoms in-
cluding pupils ≤ 2 mm in diameter, fasciculations, heart rate ≤
60 beats per minute, systolic blood pressure ≤ 80 mmHg, de-
creased consciousness (Glasgow Coma Scale < 15), excessive
sweating, or poor air entry due to bronchorrhea and/or bron-
chospasm [10, 11].

Patients receiving pharmaceutical cholinesterase inhibitors
rarely develop cholinergic crisis in clinical practice. However,
relatively higher doses of distigmine bromide were prescribed
for the treatment of neurogenic bladder in Japan compared
with in other countries until 2010, and several case reports
[12–15] and case series [16, 17] of cholinergic crisis associat-
ed with therapeutic doses of cholinesterase inhibitors have
therefore been reported by Japanese doctors. However, to
the best of our knowledge, there has been no large-scale study
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of the distribution of patient characteristics, and variations in
treatments and outcomes among patients with cholinergic cri-
sis caused by cholinesterase inhibitors.

The present study aimed to describe the patient character-
istics, demographics, and mortality of cholinergic crisis
caused by pharmaceutical cholinesterase inhibitors, using data
from a nationwide database in Japan.

Materials and Methods

Data Source

We used information from the Japanese Diagnosis Procedure
Combination inpatient database from July 2010 to March
2016. The database includes discharge abstracts and adminis-
trative claims data from more than 1200 acute-care hospitals
and covers approximately 90% of all tertiary-care emergency
hospitals in Japan. All academic hospitals are obliged to con-
tribute to the database, while participation is voluntary for
community hospitals. The diagnoses and procedure records
in the Japanese Diagnosis Procedure Combination inpatient
database have been validated previously [18]. The specificity
of diagnoses exceeded 96%, and the sensitivity ranged from
50 to 80%. The specificity and sensitivity for procedures both
exceeded 90% [18].

The database includes information on patients’ age, sex,
body weight, body height, diagnoses, comorbidities at admis-
sion, complications after admission, procedures, prescriptions,
intensive care unit (ICU) admission, and discharge status.
Diagnoses, comorbidities, and complications were recorded
according to the International Classification of Diseases,
Tenth Revision (ICD-10) codes, with text data in Japanese.
Barthel Index [19] and Japan Coma Scale (JCS) [20] at ad-
mission were also recorded. Barthel Index is a standardized
scale for evaluating a patient’s self-care abilities. Scores are
associated with performance of activities of daily living fol-
lowing discharge from hospital, with the total score ranging
from 0 (complete dependence) to 100 (complete indepen-
dence) [19]. JCS is used to describe the general level of con-
sciousness, including measures of alert consciousness, dizzi-
ness, somnolence, and coma. JCS scores are well correlated
with the Glasgow Coma Scale scores [20].

Patient Selection

We included patients who were diagnosed with cholinergic
crisis, identified by ICD-10 code T44.0 (poisoning by drugs
primarily affecting the autonomic nervous system, anticho-
linesterase agents) together with the text Bcholinergic
crisis^ in Japanese.

Patient Backgrounds and Treatments

For this study, we analyzed patient age (years), sex, bodymass
index (BMI) (kg/m2), Barthel Index, JCS, comorbidities at
admission, and concomitant diseases. Age was categorized
into 0–19, 20–39, 40–59, 60–69, 70–79, 80–89, or ≥ 90 years;
BMI was categorized into < 18.5, 18.5–22.9, 23–24.9, 25–
29.9, or ≥ 30 [21]; Barthel Index was categorized into 0–50,
55–90, and 95–100 [22]. Comorbidities at admission included
myocardial infarction, congestive heart failure, peripheral vas-
cular disease, cerebrovascular disease, dementia, chronic pul-
monary disease, rheumatologic disease, peptic ulcer disease,
mild liver disease, diabetes without chronic complications,
diabetes with chronic complications, hemiplegia or paraple-
gia, renal disease, any malignancy including leukemia and
lymphoma, metastatic solid tumor, myasthenia gravis, neuro-
genic bladder, and benign prostatic hypertrophy. ICD-10
codes A41.9 and A49.9 were taken to denote concomitant
sepsis and ICD-10 code J69 to denote aspiration pneumonia.

Treatments included use of catecholamines (dopamine, do-
butamine, noradrenaline, and adrenaline), use of atropine, he-
modialysis, and mechanical ventilation.

Outcomes

The main outcome of interest was in-hospital mortality. The
secondary outcome was length of hospital stay (days).

Statistical Analyses

We hypothesized that patients with cholinergic crisis who
needed circulatory or respiratory support were more likely to
die. We therefore divided the patients into those who did not
receive catecholamines, atropine, or mechanical ventilation;
those who received catecholamines or atropine (without me-
chanical ventilation); and those who receivedmechanical ven-
tilation (with or without catecholamines or atropine). We then
compared the mortality and the mean length of stay among the
three groups of patients receiving different treatments using
Fisher’s exact and Kruskal–Wallis tests, respectively. These
analyses were performed using IBM SPSS version 23.0
(IBM Corp., Armonk, NY, USA) and STATA/MP 14.2
(StataCorp, College Station, TX, USA).

Results

Among a total of approximately 40 million inpatients during
the 69-month study period, we identified 235 patients with
cholinergic crisis. Patient characteristics are shown in Table
1. Patients aged ≥ 70 years accounted for > 72% of all eligible
patients. The average (standard deviation) ages and median
(interquartile range) ages of all patients were 74 (16) and 79
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(68–84) years, respectively. The overall proportion of males
was 49%. About half of the patients showed alert conscious-
ness at admission. The proportions of patients with neurogenic
bladder or benign prostatic hypertrophy, myasthenia gravis,
and dementia were 23, 10, and 12%, respectively. There was
no in-hospital mortality among patients with comorbid myas-
thenia gravis. Sepsis and aspiration pneumonia occurred con-
comitantly in 15 (6%) patients and 38 (16%) patients,
respectively.

Discussion

We identified 235 patients with cholinergic crisis following
administration of cholinesterase inhibitor medications in a
Japanese nationwide inpatient database, during an observation
period of 5 years and 9 months. Overall in-hospital mortality
was about 6%; however, about half of all the patients received
catecholamines, atropine, or mechanical ventilation, and these
patients had higher in-hospital mortality.

Patients in cholinergic crisis present with a combination of
typical symptoms, which can thus discriminate cholinergic
crisis from other diseases. However, differential diagnosis

Table 1 Characteristics of patients with cholinergic crisis caused by
cholinesterase inhibitor medications who survived or died (n = 235)

Survive (n = 220) Death (n = 15)

Age (years)
0–19 4 (2%) 0 (0%)
20–39 8 (4%) 0 (0%)
40–59 17 (8%) 0 (0%)
60–69 36 (16%) 1 (7%)
70–79 61 (28%) 3 (20%)
80–89 78 (35%) 9 (60%)
90 16 (7%) 2 (13%)
Sex
Male 106 (48%) 9 (60%)
Female 114 (52%) 6 (40%)
Body mass index (kg/m2)
< 18.5 43 (20%) 6 (40%)
18.5–22.9 86 (39%) 2 (13%)
23.0–24.9 22 (10%) 3 (20%)
25.0–29.9 24 (11%) 0 (0%)
≥ 30.0 4 (2%) 0 (0%)
Missing 41 (19%) 4 (27%)
Barthel Index
0–50 122 (55%) 12 (80%)
55–90 16 (7%) 0 (0%)
95–100 32 (15%) 1 (7%)
Missing 50 (23%) 2 (13%)
Japan Coma Scale
Alert 116 (53%) 6 (40%)
Dizziness, somnolence, and coma 104 (47%) 9 (60%)
Comorbidities
Myocardial infarction 3 (1%) 1 (7%)
Congestive heart failure 17 (8%) 1 (7%)
Peripheral vascular disease 20 (9%) 0 (0%)
Cerebrovascular disease 33 (15%) 1 (7%)
Dementia 27 (12%) 1 (7%)
Chronic pulmonary disease 10 (5%) 0 (0%)
Rheumatologic disease 2 (1%) 0 (0%)
Peptic ulcer disease 26 (12%) 0 (0%)
Mild liver disease 4 (2%) 3 (20%)
DM without chronic complications 32 (15%) 5 (33%)
DM with chronic complications 20 (9%) 0 (0%)
Hemiplegia or paraplegia 3 (1%) 0 (0%)
Renal disease 10 (5%) 1 (7%)
Any malignancy 23 (10%) 2 (13%)
Metastatic solid tumor 2 (1%) 0 (0%)
Myasthenia gravis 24 (11%) 0 (0%)
Neurogenic bladder 31 (14%) 2 (13%)
Benign prostatic hypertrophy 20 (9%) 0 (0%)
Concomitant disease
Sepsis 13 (6%) 2 (13%)
Aspiration pneumonia 30 (14%) 8 (53%)

DM diabetes mellitus

Table 2 Outcomes and treatments of patients with cholinergic crisis
caused by cholinesterase inhibitor medications (n = 235)

Outcome

In-hospital mortality, n (%) 15 (6.4)

Length of hospital stay, median days (IQR) 15 (6–42)

Treatment

Intensive care unit admission, n (%) 34 (15)

Hemodialysis, n (%) 14 (6.0)

Mechanical ventilation, n (%) 48 (20)

Catecholamines, n (%) 48 (20)

Dopamine 35 (15)

Dobutamine 6 (2.6)

Noradrenaline 25 (11)

Adrenaline 13 (5.5)

Atropine, n (%) 98 (42)

IQR interquartile range
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Patient outcomes and treatments are shown in Table 2. The
overall in-hospital mortality was 6.4% and the median length
of hospital stay was 15 days. Thirty-four patients were admit-
ted to the ICU. The proportion of patients who received me-
chanical ventilation, catecholamines, and atropine were 20,
20, and 42%, respectively. The median (interquartile range)
durations of mechanical ventilation and ICU stay in patients
who needed those interventions were 4.5 (2–17) and 4 (2–8)
days, respectively.

Approximately half of all hospitalized patients required
catecholamines, atropine, or mechanical ventilation, while
the other half did not require any of these treatments.
In-hospital mortalities were 2% in patients who did not receive
catecholamines, atropine, or mechanical ventilation, 8% in
those who received catecholamines or atropine (without me-
chanical ventilation), and 15% in those who received mechan-
ical ventilation (with or without catecholamines or atropine),
with a significant difference among the three groups (p =
0.007) (Fisher’s exact tests; Table 3). The mean length of stay
differed significantly among the three groups (p ≤ 0.001)
(Kruskal–Wallis test; Table 4).



may be difficult in the early phase of the disease. Most clini-
cians may never have experienced cholinergic crisis, and
some patients with cholinergic crisis may therefore initially
have been treated for other conditions, such as pneumonia.
Clinicians may only have diagnosed cholinergic crisis after
noting the excessive decrease in serum cholinesterase levels
several days after admission. This delayed diagnosis may have
resulted in treatment opportunities being missed. Although the
specificity of a recorded diagnosis of cholinergic crisis in the
database was considered to be high, the sensitivity may be
low, because a physician’s awareness of the disease may be
limited and the conditionmay thus have been underreported in
the database.

There were 6167 cases of myasthenia gravis in Japan in
2003 [23]. Our study identified 24 patients with cholinergic
crisis and myasthenia gravis during the 69-month study peri-
od, all of whom survived. A previous retrospective review of
2154 myasthenia gravis patients with 267 episodes of crisis
found that myasthenic crisis was the most common (258/267,
96.6%), while nine patients had cholinergic crisis (3.4%) [17].
Myasthenia gravis patients tend to be younger and are well
recognized to be at risk of cholinergic crisis, suggesting that
the sensitivity of cholinergic crisis diagnosis may be higher
among myasthenia gravis patients.

In our study, more than 70% of patients were aged 70 years
or older, because patients with dementia, benign prostatic hy-
pertrophy, and neurogenic bladder are generally older. Benign
prostatic hypertrophy only occurs in men, but dementia and
myasthenia gravis are more likely to occur in women [24], and

the overall proportions of males and females were almost
identical.

According to previous studies, distigmine bromide was
considered as the main cause of cholinergic crisis in Japan
[12–15]; however, the proportions of patients with comor-
bid neurogenic bladder (16.6%) or benign prostatic hyper-
trophy (8.9%) were relatively low. Unlike myasthenia
gravis, it is possible that these diseases may have been
underreported because the clinicians discontinued cholin-
esterase inhibitors prescribed in outpatient clinics when
cholinergic crisis was suspected. The inpatient database
does not include information on treatments in outpatient
clinics before admission.

A previous small study showed three in-hospital deaths
among 16 patients with cholinergic crisis with cholinesterase
inhibitor medications [15]. Our study identified 15 in-hospital
deaths among 235 patients, including seven of 48 patients
with mechanical ventilation. Our study also showed that pa-
tients who required mechanical ventilation, catecholamines,
or atropine were more likely to die in hospital.

Previous reports of acute organophosphate poisoning for
accidental ingestion or attempted suicide revealed that 40%
of patients received mechanical ventilation, with a mean du-
ration of 7 days, and in-hospital mortality ranged from 15 to
25% [1, 11, 25]. These figures were relatively high compared
with the present study. However, the differences in disease
severity and mortality may be explained by the different in-
hibitory mechanisms induced by organophosphorus com-
pounds and cholinesterase inhibitor medications [1, 2].

This study had some limitations. First, the database did not
contain information on each component used in the diagnostic
criteria of cholinergic crisis, including symptoms, vital signs,
physical findings, and laboratory data. Furthermore, there was
no information about blood levels of drugs or serum cholin-
esterase activity. The lack of this information means that we
may not have captured all patients with cholinergic crisis.
Second, we did not take into account the nature of the expo-
sure (therapeutic dose, accidental overdose, or intentional in-
gestion for attempted suicide) due to lack of data. Third, we
did not take account of the amount of atropine used for treat-
ment. Last, the database did not include information on the
results of Tensilon tests, which may help to distinguish myas-
thenic crisis from cholinergic crisis among patients with my-
asthenia gravis [19, 26].

Conclusions

Cholinergic crisis caused by pharmaceutical cholinesterase
inhibitors is a rare but potentially life-threatening condition.
Patients who require mechanical ventilation and catechol-
amines or atropine have a poorer prognosis.

Table 3 Comparison of in-hospital mortality among patients with cho-
linergic crisis receiving different treatments (Fisher’s exact test)

In-hospital mortality P value

None 2/109 (2%) 0.007
Catecholamines or atropine 6/78 (8%)

Mechanical ventilation 7/48 (15%)

None: without catecholamines, atropine, or mechanical ventilation; cate-
cholamines or atropine: catecholamines or atropine without mechanical
ventilation; mechanical ventilation: mechanical ventilation with or with-
out catecholamines or atropine

Table 4 Comparison of mean length of stay among patients with
cholinergic crisis receiving different treatments (Kruskal–Wallis test)

No. of
patients

Mean
(SD), day

Mean
rank

P value

None 109 23 (29) 101 < 0.001

Catecholamines
or atropine

78 35 (47) 119

Mechanical
ventilation

48 53 (55) 154

SD standard deviation
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