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Introduction

Antimuscarinic toxicity is among the most frequently 
observed toxidromes in the emergency department (ED). 
Overdoses of medications including diphenhydramine, 
cyclobenzaprine, quetiapine, olanzapine, and tricyclic 
antidepressants antagonize central muscarinic cholin-
ergic receptors and cause delirium [1]. Historically, 
physostigmine was available to reverse antimuscarinic 
delirium (AD). The peripheral manifestations of toxic-
ity, including tachycardia, anhidrosis, and ileus, would 
also improve.

Akorn, the sole US manufacturer of physostigmine, has 
stopped production, and many hospitals have depleted their 
supplies. Although it may be possible to obtain this medica-
tion via import or from a compounding pharmacy, these are 
not without logistical challenges. Rivastigmine, however, is 
readily available and may be able to fill the antidotal void.

Rivastigmine is a centrally acting cholinesterase inhibi-
tor used in the management of Alzheimer’s dementia. 
Unlike physostigmine, there is no parenteral formulation; 
the medication is administered orally or transdermally. 
There are no large studies evaluating rivastigmine’s role 
in acute antimuscarinic toxicity, but several small case 

reports have suggested it is both safe and effective [2, 3]. 
The purpose of this study was to provide additional evi-
dence that rivastigmine is a viable alternative to physostig-
mine in the treatment of AD.

Methods

This is a retrospective review of patients treated with riv-
astigmine for AD between January 1, 2021, and Decem-
ber 31, 2022. Cases were identified through a patient log. 
All patients were evaluated by a solo medical toxicologist 
who established a consultation service at this suburban 
community teaching hospital the previous month. Patients 
were reassessed every 15–30 min until symptoms resolved. 
Delirium was defined as an acute, transient disturbance of 
consciousness characterized by confusion, agitation, diso-
rientation, and/or hallucinations. The diagnosis of antimus-
carinic toxicity required the presence of at least four of the 
following: tachycardia, anhidrosis, absent or hypoactive 
bowel sounds, urinary retention, mydriasis, and “mumbling” 
speech. Miosis did not exclude the diagnosis, because there 
are several muscarinic antagonists, e.g., olanzapine, quetia-
pine, and chlorpromazine, that also antagonize peripheral 
α1-adrenergic receptors, producing miosis. Patients without 
any peripheral antimuscarinic features and those whose 
delirium was believed to be multifactorial were excluded. 
Rivastigmine would not have been administered to patients 
with AD if bradycardia or heart block had been present. 
Symptoms were considered resolved when patients had 
normal mentation, clear speech, and were able to ambulate 
and tolerate oral intake. Demographic information, likely 
ingestant(s), laboratory data, electrocardiographic findings, 
treatment, adverse reactions, and length of hospitalization, 
were recorded. The study was determined to be exempt 
or excluded from Institutional Review Board oversight in 
accordance with current regulations and institutional policy.

Data in this manuscript were previously presented at the American 
College of Medical Toxicology’s Annual Scientific Meeting, San 
Diego, CA 2023.
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Results

There were 22 patients with AD, including 15 (68%) non-
pregnant females. Ages ranged from 16–63 years old, with 
a median age of 29 years old (IQR: 21–50 years old). All 
patients were treated with rivastigmine, as our practice is 
to aggressively treat AD.

Diphenhydramine was the most common source of anti-
muscarinic toxicity. The various antimuscarinic ingestants 
are listed in Table 1.

All patients exhibited mumbling speech. The 
median maximal heart rate was 128 beats per minute 
(range 86–168). Tachycardia was observed in 19 (86%) 
patients. Seven (32%) patients had QT interval prolonga-
tion > 500 ms. There was no worsening of QT prolongation 
following treatment with rivastigmine.

All patients were treated with a rivastigmine transder-
mal patch, which was placed on the back to prevent pre-
mature removal. The 13.3 mg patch was used in 19 (86%) 
cases, based on the assumption it would provide the most 
benefit. Three patients received the 9.5 mg patch when 
the 13.3 mg patch was unavailable. Patients and nursing 
staff were instructed to remove the patches after 24 h. 

Because rivastigmine capsules should not be crushed or 
altered in any way, we elected to forego oral rivastigmine 
in seven (32%) patients who were unable or unwilling 
to swallow the intact capsules. The number of patients 
treated with each regimen of rivastigmine dosing is illus-
trated in Fig. 1.

Fourteen (64%) patients were admitted; 13 were man-
aged on the general medicine service. One patient who 
required intubation and mechanical ventilation after 
ingesting quetiapine and fluoxetine was admitted to the 
intensive care unit (ICU). All the patients who were ini-
tially unable to tolerate oral rivastigmine were admitted, 
but eight (53%) patients treated with the oral medication 
in the ED avoided hospitalization. There was no rela-
tionship between ingestant(s) and the need for hospital 
admission.

The median time to symptom resolution was 2 h (range 
1–4.5 h) for patients treated with oral rivastigmine. Median 
recovery time for patients who received only the transder-
mal patch was 5 h (range 3 h–23.75 h). The one outlier 
was symptomatic from concomitant fluoxetine toxicity. 
All patients recovered completely. No patient required any 
medical treatment for more than 24 h. No complications, 

Table 1   Ingestants and clinical features

Ingestant(s) (number of cases) Miosis Mydriasis Tachycardia QTc > 500 ms Potassium < 3.5 mmol/L

Diphenhydramine (7) 0 cases (0%) 7 cases (100%) 7 cases (100%) 4 cases
(57%)

2 cases
(29%)

Diphenhydramine and chlorpromazine (1) 0 cases (0%) 0 cases
(0%)

1 case
(100%)

1 case
(100%)

0 cases
(0%)

Diphenhydramine and quetiapine (1) 0 cases (0%) 0 cases
(0%)

1 case
(100%)

0 cases
(0%)

0 cases
(0%)

Quetiapine (5) 4 cases (80%) 0 cases
(0%)

5 cases
(100%)

1 case
(20%)

0 cases
(0%)

Quetiapine and benztropine (1) 0 cases (0%) 1 case
(100%)

1 case
(100%)

0 cases
(0%)

0 cases
(0%)

Benztropine (1) 0 cases
(0%)

1 case
(100%)

1 case
(100%)

0 cases
(0%)

0 cases
(0%)

Carbamazepine (1) 0 cases (0%) 0 cases
(0%)

0 cases
(0%)

0 cases
(0%)

1 case
(100%)

Hydroxyzine (1) 0 cases (0%) 0 cases
(0%)

1 case
(100%)

0 cases
(0%)

0 cases
(0%)

Olanzapine (1) 1 case (100%) 0 cases
(0%)

1 case
(100%)

1 case
(100%)

0 cases
(0%)

Prochlorperazine (1) 1 case (100%) 0 cases
(0%)

0 cases
(0%)

0 cases
(0%)

0 cases
(0%)

Promethazine (1) 0 cases (0%) 0 cases
(0%)

0 cases
(0%)

0 cases
(0%)

0 cases
(0%)

Unknown (1) 0 cases (0%) 0 cases
(0%)

1 case
(100%)

0 cases
(0%)

1 case
(100%)

Total (22) 6 cases
(27%)

9 cases
(41%)

19 cases
(86%)

7 cases
(32%)

4 cases
(18%)
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including seizures, vomiting, diarrhea, symptomatic brady-
cardia, or new electrocardiographic abnormalities, were 
reported. No patients returned to the hospital for recurrent 
symptoms.

All patients were treated with maintenance intravenous 
fluids. No patients required fluid resuscitation. Patients with 
QT prolongation were treated with magnesium sulfate 2 g. 
Potassium was also repleted as needed to maintain potas-
sium > 4.0 mmol/L. The ICU team performed an elective 
intubation for airway protection in the patient who ingested 
quetiapine and fluoxetine. Propofol was initially used for 
sedation before the patient was transitioned to midazolam 
and fentanyl.

Discussion

Antimuscarinic toxicity is commonly observed in the ED, 
and untreated cases can result in delirium, prolonged hospi-
talization, and higher rates of intubation [1, 4–7]. Patients 
with olanzapine or quetiapine ingestions often have pro-
longed symptoms. The median hospital length of stay was 
2 days (range 1–4 days) in a review of 14 quetiapine over-
doses, and 43% of patients were admitted to the ICU [8]. The 
median duration of delirium was 21 h (interquartile range 
14–42 h) in a study of 108 olanzapine ingestions [9].

Centrally acting cholinesterase inhibitors can reverse 
toxicity by raising the acetylcholine concentration to lev-
els at which it can compete with the offending muscarinic 
antagonist(s). When administered intravenously, physostig-
mine often works within several minutes. Yet, despite mul-
tiple studies demonstrating its effectiveness, physostigmine 
often went unused. Unfamiliarity with physostigmine and 

concerns about its safety are the most likely explanations 
for its historic underuse. The latter is likely the reason phys-
ostigmine was not used more by medical toxicologists. Phys-
ostigmine was administered in only 171 (21%) cases of anti-
muscarinic toxicity reported to the Toxicology Investigators 
Consortium registry administered by the American College 
of Medical Toxicology [7].

There is evidence that these safety concerns may be exag-
gerated. Transient emesis, diaphoresis, diarrhea, asympto-
matic bradycardia, and increased respiratory secretions 
were reported in one patient each in a study of 45 patients 
treated with physostigmine [4]. No serious complications 
were noted in a study of 39 adult patients treated with phys-
ostigmine, although one patient had a brief seizure without 
adverse sequelae [10].

Rapid administration of physostigmine can precipitate sei-
zures. The bioavailability of oral rivastigmine is ~ 36%, and 
absorption takes ~ 1 h, while transdermal rivastigmine is not fully 
absorbed for up to 8 h [11, 12]. Because of rivastigmine’s slower 
absorption, seizures are unlikely. In the case reports describing 
rivastigmine use in AD, no adverse events were noted.

Many patients treated with physostigmine require more 
than one dose [13]. Rivastigmine has a much longer dura-
tion of action—10 h for the oral formulation and 24 h for the 
transdermal product—so the need for repeat dosing is likely 
lower. The median time to clinical improvement was shorter 
in patients treated with oral rivastigmine compared to those 
who received only the transdermal patch. It is unclear if the 
addition of the transdermal patch provided benefit to patients 
who also received oral rivastigmine, although the patch may 
have provided prolonged protection against recurrence.

There are several limitations to this study. There is no 
control group from this hospital population because all 

Fig. 1   Rivastigmine dosing 
regimens
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identified AD patients receive antidotal therapy. Historical 
controls from the same hospital are unavailable because, 
prior to the establishment of the toxicology consultation 
service, many of these patients were undiagnosed or trans-
ferred. Cases were identified using the toxicology service 
patient log. It is standard practice at this hospital to con-
sult the toxicology service on all overdoses. However, some 
patients with AD may have been managed independently in 
the ED or on the inpatient service. Thus, there is the poten-
tial for bias. Although no patients returned to the hospital 
with recurrent symptoms, there is no way to know if they 
sought treatment elsewhere. A similar dosing strategy may 
not be possible at hospitals that do not stock one or both for-
mulations of rivastigmine. Finally, the results of this study 
do not prove causality, though the comparatively rapid, 
temporal association between rivastigmine administration 
and symptom resolution is highly suggestive. Rivastigmine 
appears to be safe in this population. Larger studies are war-
ranted to determine the optimal dosing, including route(s) 
of administration, and to assess for uncommon adverse 
reactions.
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