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Serotonin syndrome is an unexpected fatal adverse event related to serotonergic medication. This case report is the first
report describing the possible treatment effect of famotidine on serotonin syndrome. Furthermore, this is the first case
report of serotonin syndrome induced by meperidine alone in a patient with no previous history suggesting a susceptibil-
ity to serotonin syndrome. A 70-year-old male with no recent history of serotonergic drug use presented with severe se-
rotonin syndrome following ureteroscopy, possibly due to postoperative meperidine administration. The patient’s symp-
toms included hypertension, tachycardia, tachypnea, hyperthermia, myoclonus, diaphoresis, retching, nausea, agitation,
and semicoma mentality with no pupillary light reflex. Symptoms began to subside immediately after the administration
of intravenous famotidine for prevention of aspiration pneumonia, with mental and neurological symptoms showing
improvement initially, followed by autonomic symptoms. This case report suggests that the histamine type 2 receptor an-
tagonist famotidine may be an effective emergency treatment for serotonin syndrome.
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Meperidine-induced serotonin syndrome is a very rare ad-
verse event that may occur during anesthesia that is often missed
or treated inadequately. Untreated serotonin syndrome can be
fatal. The mortality rate of severe serotonin syndrome ranges
from 2% to 12% [1]. The syndrome usually occurs in the context
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of usage of antidepressants or other medications that increase
serotonin prior to surgery. However, a previous report described
the occurrence of meperidine-induced serotonin syndrome in a
patient with a past history of clomipramine-induced serotonin
syndrome [2]. The present report is the first case of meperidine-
induced serotonin syndrome in a patient with no use of other
serotonergic medication and also with no history of susceptibil-
ity. Furthermore, an unexpected paradoxical rapid reversal of
the neurologic symptoms of serotonin syndrome was observed
in this case in association with the administration of famotidine.

Case Report

A 70-year-old male was admitted for the ureteroscopic re-
moval of ureter stones. He had been receiving treatment with
glimepiride for diabetes; atorvastatin for hyperlipidemia; and
aspirin, thiazide, valsartan, and carvedilol for hypertension and
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atrial fibrillation for several years prior to admission. The patient
had undergone two previous surgeries, knee arthroplasty and
cataract operation, with no report of significant perioperative
events. He had not taken serotonergic medications for at least 4
weeks prior to admission. Atrial fibrillation was well controlled
before surgery. His physical status classification was American
Society of Anesthesiologists class II.

Spinal anesthesia was achieved with the administration of
hyperbaric bupivacaine (12.5 mg). Surgery required 40 min
and was uneventful. Stable vital signs and alert mentality were
maintained in the postanesthesia care unit for more than 30
min. Intravenous meperidine (25 mg) was injected to relieve
shivering. Fig. 1 illustrates changes in vital signs with time fol-
lowing meperidine treatment. Five minutes after the injection of
meperidine, the patient complained of the sudden onset of chest
discomfort and difficulty breathing. Diaphoresis, agitation, and
tachypnea (28 breaths/min) were observed at the same time.
Severe rigidity and tremors along with myoclonus began within
10 min, but were limited to the upper extremities because of
the prior administration of spinal anesthesia. The patient soon
became drowsy, confused, and uncooperative with staff. Blood
pressure (BP) was elevated from 98/65 mmHg at postoperative
baseline to 199/95 mmHg, and pulse rate increased from 77
beats/min to 150 beats/min. Invasive BP monitoring was initiat-
ed at the radial artery. Body temperature measured 25 min after
meperidine injection was 39.8°C. Mental status deteriorated to
stupor. Arterial blood gas analysis showed a pH of 7.436, PaCO,
of 27.2 mmHg, PaO, of 114.6 mmHg, SaO, of 98.4%, Na" of 137
mEq/L, K of 4.46 mEq/L, and Ca** of 3.64 mg/dl. Esmolol (15
mg) was injected to lower the heart rate (HR), and ipratropium
bromide inhalation was initiated for bronchodilation. Despite
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Fig. 1. Time course of symptoms of serotonin syndrome during medi-
cation administration. SS: serotonin syndrome, SBP: systolic blood
pressure (mmHg), DBP: diastolic blood pressure (mmHg), HR: heart
rate (beats/min), BT: body temperature (°C).
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supportive care, hypertension and tachycardia continued and
body temperature increased further to 40.1°C. Esmolol infusion
was initiated at 0.5 mg/kg/min. Despite this treatment, mental
deterioration progressed to semicoma. Pupils were dilated (8
mm) and unresponsive to light. At 50 min after meperidine
injection, we decided to perform emergency brain computed
tomography (CT).

Immediately prior to transfer for CT, the patient was admin-
istered intravenous injections of metoclopramide (10 mg) and
famotidine (20 mg) for retching and vomiting. During transfer
for CT and within 15 min of famotidine administration, his
mental state demonstrated marked improvement. He was able
to recognize people and even appeared awake to the nursing
staff. The results of the brain CT were unremarkable. Following
the CT examination, the patient was transferred to the intensive
care unit. Immediately after arrival, his mental and neurologi-
cal status were assessed, and he was found to be alert, with no
neurological abnormalities (myoclonus, tremor, agitation, or
mydriasis). Vital signs slowly improved over the next hour with
continued supportive care. Only systolic BP and HR remained
elevated at 2 h after the onset of serotonin syndrome (Fig. 1).

Discussion

This case met Sternbach’s diagnostic criteria for serotonin
toxicity [3], and the medical history, laboratory data, neurologi-
cal examination, and neuroimaging excluded other possible
diagnoses. Meperidine was the most likely causative agent in
this case because of the close temporal relationship between
meperidine injection and the onset of serotonin syndrome. No
other potentially causative medication was administered before
the onset of the syndrome. It is very rare that meperidine alone
induces serotonin syndrome. This is the first case report of sero-
tonin syndrome induced by meperidine alone in a patient with
no history to suggest a susceptibility to serotonin syndrome.

Although serotonin syndrome is a potentially life-threatening
situation, specific treatment for serotonin syndrome has not yet
been established. Serotonin syndrome is caused by hyperactivity
of central and/or peripheral serotonin receptors [4]; therefore,
several previous treatment attempts have aimed to suppress
serotonergic transmission using chlorpromazine [5], cyprohep-
tadine [6], risperidone [7], propranolol [8], or even electrocon-
vulsive therapy [9]. However, the efficacy of these treatments has
not been proven, and none are routinely recommended because
of side effects and the availability of the above-mentioned phar-
maceutical agents only in the oral form.

The present report describes a case of serotonin syndrome
exhibiting immediate paradoxical reversal of unconsciousness
and neurological symptoms following the intravenous admin-
istration of famotidine. Famotidine is a histamine receptor
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antagonist with high selectivity for histamine 2 (H2) receptors.
It has been reported to be associated with several unexpected
central nervous system (CNS) effects such as delirium, mania,
and seizures [10]. Delirium associated with famotidine has been
reported in several cases, possibly associated with central anti-
cholinergic effects [11].

The mechanisms underlying famotidine-mediated reversal
of serotonin syndrome are a matter of speculation. Perhaps this
H2-selective blocker increases the histamine concentration at
CNS synapses, resulting in hyperactivation of histamine H1 re-
ceptors and mental arousal. Another possible explanation is that
histamine H2 antagonists may have an effect on reduction of
blood serotonin levels [12].

Famotidine, a drug that has been the subject of attention at
times, has been reported to result in a paradoxical treatment
response via an unknown mechanism in the CNS. The present
case did not confirm whether the pharmacological effects of fa-
motidine alone caused a dramatic recovery of neurologic symp-
toms or whether the interaction of famotidine and the patients
individual genetic specificity resulted in an improvement of the
symptoms. However, it is useful to note that this is the first re-
port that famotidine may be an effective treatment for serotonin
syndrome. It is also worthwhile to note that the intravenous for-
mulation of famotidine enables rapid medication administration
in non-cooperative patients. In addition, famotidine is known to
be a relatively safe drug with few drug interactions. Further pre-
clinical and clinical studies are necessary to confirm the efficacy
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and safety of this treatment.

This case had two idiosyncratic features. First, the patient’s
mental and neurological state improved immediately following
famotidine administration. The half-life of meperidine is 2.5-4
h. The patient’s neurological symptoms recovered beginning ap-
proximately 60 min after the administration of meperidine. In
addition, the recovery from moderate to severe serotonin syn-
drome takes 24 h to several days. Therefore, the course in this
case is not thought to represent the natural course of recovery.

Although the mechanisms are uncertain, the close temporal
relationship between the administration of the medication and
the recovery of the neurological symptoms strongly suggests
that famotidine contributed to symptom reversal in this case.
While metoclopramide was also administered, it is unlikely to
have contributed to recovery because metoclopramide has been
reported to actually cause or exacerbate serotonin syndrome
[13,14]. Second, the recovery of individual symptoms followed a
distinct time course, with mental condition showing immediate
improvement, followed by mitigation of neurological symptoms
and the more gradual remission of autonomic symptoms. In
contrast, recovery from serotonin syndrome is generally gradual,
spanning a period of over several hours.

In summary, anesthesiologists should keep in mind that
meperidine alone can induce serotonin syndrome and the ad-
ministration of famotidine, a relatively safe drug with few drug
interactions, may be useful in critical patients with suspected

serotonin syndrome.
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