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Abstract
Background Malignant hyperthermia is a potentially lethal condition triggered by specific anesthetic drugs, 
especially a depolarizing muscle relaxant of succinylcholine (Suxamethonium). Despite the frequent use of 
succinylcholine with electroconvulsive therapy (ECT), there has been no reported case of potentially lethal malignant 
hyperthermia following ECT. In addition, the time interval between the administration of succinylcholine and the 
onset of malignant hyperthermia has not been outlined in the context of ECT.

Case presentation We present the case of a 79-year-old woman suffering from severe depression, who experienced 
severe malignant hyperthermia due to succinylcholine administration during an ECT session. She presented with a 
high fever of 40.2 °C, tachycardia of 140/min, hypertension with a blood pressure exceeding 200 mmHg, significant 
muscle rigidity, and impaired consciousness. These symptoms emerged two hours after ECT, which occurred in a 
psychiatric ward rather than an operating room, and reached their peak in less than 24 h. She was given 60 mg of 
dantrolene, which quickly reduced the muscular rigidity. Subsequently, she received two additional doses of 20 mg 
and 60 mg of dantrolene, which brought her fever down to 36.2 °C and completely eased her muscle rigidity within 
two days after ECT.

Conclusions This is the first reported case of potentially lethal malignant hyperthermia after ECT. In addition, it 
highlights the delayed onset of malignant hyperthermia following an ECT procedure, emphasizing the necessity 
for psychiatrists to recognize its onset even after the treatment. In the light of potentially lethal consequences 
of malignant hyperthermia, it is critically important for psychiatrists to closely monitor both intraoperative and 
postoperative patient’s vital signs and characteristic physical presentations, promptly identify any symptomatic 
emergence, and treat it immediately with dantrolene.
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Background
Malignant hyperthermia is a sudden and serious medi-
cal condition triggered by the use of volatile anesthetic 
inhalants or depolarizing muscle relaxants, such as suc-
cinylcholine (Suxamethonium), commonly employed 
during electroconvulsive therapy (ECT). Without prompt 
and effective intervention, the progression of malignant 
hyperthermia can lead to fatal outcomes, with a mortal-
ity rate of 9.5% [1, 2]. Dantrolene is recognized as the 
primary drug specifically designed to treat malignant 
hyperthermia [1] and should be administered quickly 
when this disorder is suspected. Considering succinyl-
choline’s regular use in ECT, there is a potential risk of 
malignant hyperthermia on ECT. Despite the widespread 
use of succinylcholine in ECT, only one very mild case 
of malignant hyperthermia occurring during or after 
ECT has been reported [3]. There is recognition among 
psychiatrists that succinylcholine may induce malignant 
hyperthermia. However, given that there is only one doc-
umented instance of its actual onset and considering that 
malignant hyperthermia is more commonly recognized 
among anesthesiologists than among psychiatrists, it is 
likely that some psychiatrists may not routinely consider 
this potential side effect. Additionally, the precise time 
interval between the ECT and the onset of malignant 
hyperthermia in the previous case was unclear [3], as was 
the question of whether the psychiatrist was the first to 
identify its onset.

We report a case of potentially lethal malignant hyper-
thermia that manifested in our psychiatric ward rather 
than in the operating room, occurring two hours after 
ECT which was performed with the use of succinylcho-
line. In this case, the patient exhibited abnormal vital 
signs, such as severe hyperthermia, as well as acute mus-
cle rigidity and compromised consciousness. This case 
illustrates the delayed onset of malignant hyperthermia 
following an ECT procedure, emphasizing the need for 
psychiatrists to be vigilant in identifying its emergence 
within psychiatric wards.

Case presentation
Medical history
The patient is a 79-year-old female who experienced per-
sistent insomnia starting at the age of 50, which lasted 
for five years. At the age of 55, she received a diagnosis of 
major depressive disorder at a psychiatric clinic. She was 
prescribed tricyclic antidepressants, which significantly 
alleviated her symptoms in six months.

At 76, she experienced a significant emotional distur-
bance following the sudden death of a close friend. This 
incident, which occurred 24 days before her first hospi-
tal admission, triggered severe anxiety symptoms: heart 
palpitations, restlessness, and an overwhelming fear of 
meeting a similar fate, leading her to wander aimlessly. 

She also exhibited agitated behavior, continuously pac-
ing around her room. Additionally, she experienced 
sleep disturbances, a significant decrease in appetite, and 
cognitive decline, resulting in difficulty comprehending 
the contents of television programs. These symptoms 
prompted her to seek medical attention at our facility 
precisely two weeks before her subsequent hospitaliza-
tion. According to DSM-5 diagnostic criteria standards, 
she was diagnosed with major depressive disorder, with a 
Montgomery-Åsberg Depression Rating Scale (MADRS) 
score of 53, indicating severe depression [4]. Outpatient 
treatment initiated with duloxetine (20  mg), lorazepam 
(1 mg), and lemborexant (5 mg). However, due to a lack 
of improvement and increased suicidal thoughts, she was 
admitted to our psychiatric unit.

Malignant hyperthermia
Upon hospitalization, her medication was discontin-
ued except for lemborexant (5 mg) orally. On the second 
day of hospitalization, ECT was administered due to the 
patient’s unresponsiveness to medication and intense 
suicidal ideation coupled with agitation. Notably, the 
patient’s physical condition, including vital signs and a 
Body Mass Index of 18.6 kg/m², had been entirely normal 
before the anesthesia induction. Anesthesia induction 
was carried out using 150  mg of sodium thiopental, an 
ultra-short-acting barbiturate, and 50 mg of succinylcho-
line, an ultra-short-acting depolarizing muscle relaxant. 
Additionally, 0.5 mg of atropine, a muscarinic antagonist, 
20  mg of landiolol hydrochloride, an ultra-short-acting 
β-blocker, and 1  mg of nicardipine, a calcium channel 
blocker, were administered to manage side effects associ-
ated with ECT, such as excessive salivation, tachycardia 
or bradycardia, and elevated blood pressure. ECT pro-
cedures were executed without any issues. Her postop-
erative consciousness improved without complications, 
reaching a Glasgow Coma Scale score of 13 (Eye, 3; Ver-
bal, 4; Motor, 6).

However, two hours post-ECT, her Glasgow Coma 
Scale deteriorated to 7 (Eye, 1; Verbal, 1; Motor, 5). At the 
same time, she exhibited marked muscular rigidity in her 
limbs, along with mydriasis in both eyes and diminished 
light reflexes. Given the potential for a brain disorder, a 
computed tomography scan and magnetic resonance 
imaging of brain were performed, which revealed no 
abnormalities. Blood tests showed elevated white blood 
cell counts to 24,400/µL, but no other abnormal find-
ings. After analyzing the electroencephalogram obtained 
the same day, we found that the amplitude was markedly 
reduced without any detectable epileptic waveforms, 
which indicated an impaired state of consciousness. 
Approximately seven hours post-ECT, her vital signs 
became abnormal: her temperature rose to 39  °C, heart 
rate increased to 140 beats per minute, and systolic blood 



Page 3 of 6Nakano et al. BMC Psychiatry          (2024) 24:411 

pressure sharply surged above 200 mmHg. To coun-
ter these abnormalities, strategies including continuous 
intravenous hydration, temperature management, and 
acetaminophen infusion were employed. Simultane-
ously, nicardipine, a calcium channel blocker, was used 
to treat hypertension. However, on the subsequent day 
post-ECT (the third day of hospitalization), 21 h after the 
ECT, her temperature further increased to 40.2  °C, and 
her Glasgow Coma Scale deteriorated to 6 (Eye, 1; Ver-
bal, 1; Motor, 4), with ongoing muscular rigidity. Symp-
toms of dehydration and hyponatremia, resulting from 
sustained hyperthermia, were noted, as evidenced by 
elevated serum creatinine at 1.42 mg/dL, urea nitrogen at 
33.9  mg/dL, and a reduced sodium level of 114 mEq/L. 
Furthermore, due to decreased consciousness resulting 
from hyponatremia, aspiration pneumonia developed 
as a complication. These conditions were managed with 
enhanced fluid resuscitation and the commencement 
of broad-spectrum antibiotics, specifically piperacillin-
tazobactam at 3.375  g every six hours. A concurrent 
metabolic acidosis due to dehydration-induced circula-
tory inadequacy and a counteracting respiratory alkalo-
sis were inferred from arterial blood gas results, which 
showed pH 7.490, PO2 65.9 mmHg, PCO2 24.2 mmHg, 
Base Excess − 3.4, HCO3- 18.2 mmol/L, and Lactate 3.2 
mmol/L.

These clinical signs, including a rapid rise in body tem-
perature, extensive muscular rigidity, and inconsistent 
sinus tachycardia, corresponded with the diagnostic cri-
teria for malignant hyperthermia as defined by Larach et 
al. 1994 [5]. It is noteworthy, however, that the peak cre-
atine kinase level, a key marker for malignant hyperther-
mia, displayed only a slight increase at 171 U/L on the 
third day of hospitalization (with the normal upper limit 
being 80 U/L) [6].

Dantrolene administration
To treat malignant hyperthermia, dantrolene (60 mg) was 
intravenously introduced 23 h following the ECT on the 
third hospital day. Remarkably, following the dantrolene 
administration, muscular rigidity notably decreased 
within an hour, and her temperature dropped to 38  °C 
within four hours. Additional doses of 20 mg and 60 mg 
of dantrolene were administered on the third and fourth 
hospital days, respectively, led to a decrease of her tem-
perature to 36.2 °C and the complete resolution of mus-
cular rigidity. Subsequently, dehydration, its associated 
hyponatremia, and aspiration pneumonia were all suc-
cessfully resolved. The state of her consciousness showed 
significant improvement, reaching a Glasgow Coma 
Scale score of 11 (Eye: 3; Verbal: 4; Motor: 4) on the sev-
enth hospital day. This improvement coincided with an 
enhanced electroencephalogram displaying alpha waves, 
denoting lucid consciousness. No side effects associated 

with dantrolene were detected. By the seventh hospital 
day, she demonstrated the capability for basic conversa-
tions and began feeding on the seventeenth hospital day. 
Her depressive symptoms improved without the need for 
additional ECT or psychotropic interventions, and no 
residual cognitive deficits were observed. She was dis-
charged from our institution on the thirty-second hospi-
tal day.

Discussion and conclusions
This case represents the first instance of severe malig-
nant hyperthermia after ECT. Compared with the previ-
ous report of malignant hyperthermia after ECT [3], our 
case is deemed more severe as the fever persisted for sev-
eral days and was accompanied by impaired conscious-
ness, which required the administration of dantrolene. 
Our case also highlights the delayed onset of malignant 
hyperthermia following an ECT session, emphasizing 
the need for psychiatrists to be vigilant in identifying 
its emergence in psychiatric wards. The symptom relief 
provided by dantrolene underscores its pivotal role in the 
therapeutic approach to malignant hyperthermia.

Difference in symptoms between malignant hyperthermia, 
serotonin syndrome, and neuroleptic malignant syndrome
In this case, the patient exhibited fever, altered con-
sciousness, and limb muscle rigidity, symptoms also 
observed in serotonin syndrome [7] as well as neurolep-
tic malignant syndrome [8]. Considering the differential 
diagnosis of serotonin syndrome is crucial, especially 
since the patient had been undergoing duloxetine treat-
ment until two days before the ECT session. Given its 
half-life of 10–12 h (Knadler et al., 2011) [9], duloxetine’s 
effectiveness at the receptor level would have been pres-
ent, albeit quite low, during the ECT procedure. Sero-
tonin syndrome is a serious complication that can occur 
as a result of treatment with selective serotonin reuptake 
inhibitors, serotonin-norepinephrine reuptake inhibitors, 
tricyclic antidepressants, monoamine oxidase inhibitors, 
and other serotonergic medications (Mason et al. 2000) 
[10]. The syndrome is characterized by the sudden onset 
of cognitive/behavioral changes (confusion, agitation, 
lethargy, and coma), autonomic instability (hyperther-
mia, tachycardia, diaphoresis, nausea, vomiting, diar-
rhea, and dilated pupils), and neuromuscular changes 
(myoclonus, hyperreflexia, rigidity, and trismus) [10]. 
The present case exhibited coma, autonomic instability, 
and rigidity following the administration of a serotonin-
norepinephrine reuptake inhibitor until two days before, 
potentially meeting the criteria for serotonin syndrome 
diagnosis [11]. Despite this, the likelihood of serotonin 
syndrome diagnosis in this case is quite low, primarily 
due to the timing of the patient’s symptoms and the nota-
ble efficacy of dantrolene. Firstly, it is generally unlikely 



Page 4 of 6Nakano et al. BMC Psychiatry          (2024) 24:411 

for serotonin syndrome to emerge post-discontinuation 
of antidepressants [11]. Mason et al. (2000) reported 
that 74.3% of serotonin syndrome cases typically develop 
within 24  h of initiating medication, overdosing, or 
changing dosage [10], due to excessive serotonergic acti-
vation in both central and peripheral nervous system 
receptors [11]. Conversely, only 12.8% of cases emerge 
after 48 h [11]. Additionally, many cases of the serotonin 
syndrome typically resolve within 24 h after discontinua-
tion of serotonergic drugs [11]. Secondly, the significant 
effectiveness of dantrolene does not indicate serotonin 
syndrome; instead, it strongly suggests a diagnosis of 
malignant hyperthermia. Dantrolene is recognized as the 
primary drug specifically designed to treat malignant 
hyperthermia [1], while Jones et al. (2005) highlight its 
unproven effectiveness in treating serotonin syndrome 
[12]. Additionally, this case lacked some symptoms that 
are frequently observed in serotonin syndrome, such as 
diarrhea, vomiting, and myoclonus [10, 11, 13]. The sig-
nificant effectiveness of dantrolene treatment in this case 
may also indicate the improbability of neuroleptic malig-
nant syndrome, as White et al. (2000) noted the limited 
therapeutic efficacy of dantrolene in neuroleptic malig-
nant syndrome [14]. Conversely, malignant hyperther-
mia can readily explain this case and is the most plausible 
explanation, particularly considering the onset, which 
occurred immediately after the administration of the 
anesthetic agent succinylcholine during the ECT session, 
and the pronounced response to dantrolene. Mydriasis, 
which is one of the symptoms of serotonin syndrome 
[11, 13], can also be present in cases of malignant hyper-
thermia (Larach et al., 2006; Sheila et al., 2014; Sold et 
al., 1986) [15–17]. Thus, we diagnosed this patient with 
malignant hyperthermia rather than serotonin syndrome.

Regarding the distinction between malignant hyper-
thermia and neuroleptic malignant syndrome, histori-
cally, the similar symptomatology of these conditions has 
led to theories of a shared pathogenetic mechanism [18]; 
however, this hypothesis has not been definitively con-
firmed. Neuroleptic malignant syndrome and serotonin 
syndrome are believed to originate neurogenically rather 
than myogenically [11, 19], while the pathogenesis of 
malignant hyperthermia has been shown to be myogenic, 
specifically involving an abnormal release of Calcium 
from the sarcoplasmic reticulum [1]. Symptomatically, 
serotonin syndrome presents distinctive symptoms 
not typically found in malignant hyperthermia, includ-
ing altered consciousness, behavioral changes, myoc-
lonus, hyperreflexia, diarrhea, and vomiting [10, 11, 13, 
20]. Rosenberg et al. (2015) observed no cross-suscepti-
bility between malignant hyperthermia and neurolep-
tic malignant syndrome [1], and a review by Ortiz et al. 
(2020) found no genetic association between malignant 

hyperthermia, serotonin syndrome, and neuroleptic 
malignant syndrome [18].

However, in terms of treatment methods, there is some 
overlap between malignant hyperthermia, serotonin syn-
drome, and neuroleptic malignant syndrome. Immediate 
discontinuation of responsible agents and hydration are 
common practices in all of these conditions. Dantrolene 
administration is often performed as well. Psychiatrists 
may have mistakenly diagnosed malignant hyperthermia 
during ECT treatment as serotonin syndrome or neuro-
leptic malignant syndrome and administered dantrolene 
for treatment. Ironically, this misdiagnosis could have led 
to clinical improvement despite the error. The scarcity of 
reported cases of malignant hyperthermia during ECT 
treatment has been acknowledged in prior research [21, 
22]. Some researchers have speculated that some ECT-
related fatalities might have resulted from undetected 
malignant hyperthermia [22]. Alternatively, in our opin-
ion, another explanation could be the misdiagnosis of 
malignant hyperthermia as serotonin syndrome or neu-
roleptic malignant syndrome by psychiatrists.

Still, it remains crucial to always consider the possi-
bility of malignant hyperthermia during and after ECT, 
especially considering that psychiatrists more commonly 
encounter conditions like neuroleptic malignant syn-
drome and serotonin syndrome, which often take prece-
dence in differential diagnoses. A misdiagnosis could lead 
to a delay in appropriate treatment due to differences in 
the discontinuation of triggering agents and the effective-
ness of dantrolene.

Characteristics of malignant hyperthermia in this 
potentially lethal case
Our case did not manifest a high level of creatine kinase, 
masseter muscle rigidity, and severe acidosis, which have 
been regarded as hallmarks of malignant hyperther-
mia [5]. It is well-recognized in malignant hyperthermia 
that tissue hypoxia and muscle breakdown can lead to 
increased serum creatine kinase levels. However, in this 
case, the serum creatine kinase level rose modestly to 171 
U/L on the third hospital day, which may be considered 
to be an atypical presentation. This observation might 
be ascribed to generally lower creatine kinase values in 
females than males [23] and the association between 
muscle mass and creatine kinase levels [24]. Notably, 
this patient exhibited a slender build with a Body Mass 
Index of 18.6 kg/m². According to the study by Sheila et 
al. in 2014, approximately 35% of 129 patients diagnosed 
with malignant hyperthermia exhibited peak creatine 
kinase values below 1000 [16]. Additionally, the current 
case did not exhibit severe acidosis or masseter spasm 
shortly after the administration of succinylcholine, which 
are commonly observed in malignant hyperthermia [5]. 
However, these symptoms are not mandatory for the 
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diagnosis of malignant hyperthermia [5]. Regarding aci-
dosis, while our case did not demonstrate severe acidosis, 
the HCO3- level of 18.2 mmol/L and PCO2 level of 24.2 
mmHg in arterial blood gas analysis suggest metabolic 
acidosis with respiratory compensation [25], a finding 
consistent with metabolic acidosis observed in malignant 
hyperthermia [5].

According to Larach et al. 2006, only 9.4% of 181 
malignant hyperthermia patients showed disturbance of 
consciousness [15]. However, this patient experienced a 
prolonged alteration in consciousness. The extent of con-
sciousness impairment due to malignant hyperthermia 
considerably varies, with reported cases ranging from a 
rapid recovery within 90 min [26] to prolonged cognitive 
disruption exceeding 40 days, ultimately resulting in the 
sequelae of severe cognitive dysfunction [27]. This case 
was complicated by dehydration and its associated hypo-
natremia, which may also have affected the disturbance 
of consciousness.

Calcium channel blockers we used to treat severe 
hypertension (over 200 mmHg) might have intensified 
malignant hyperthermia symptoms by increasing cal-
cium concentrations in skeletal myocytes, along with 
associated muscle rigidity [1]. A more suitable approach 
could have employed an antihypertensive agent without 
calcium channel inhibitory effects.

Mechanisms of malignant hyperthermia
The underlying mechanisms of malignant hyperthermia 
involve the excessive release of calcium from the sarco-
plasmic reticulum, a crucial calcium store within skel-
etal muscle cells, into the cytoplasm. This dysregulation 
is provoked by depolarizing neuromuscular blocking 
agents, predominantly succinylcholine, and volatile inha-
lation anesthetics [1]. This disruption results in a marked 
increase in skeletal muscle metabolic processes, leading 
to enhanced muscle fiber contraction, increased oxygen 
consumption, elevated carbon dioxide production, and 
accelerated depletion of adenosine triphosphate, along-
side associated heat production [1]. These physiological 
changes give rise to the clinical presentations observed, 
including hyperthermia and muscle rigidity.

Succinylcholine is routinely employed as a muscle 
relaxant during ECT due to its rapid onset of action 
and ultra-short duration, making it suitable for the brief 
anesthesia required in ECT procedures that typically last 
only a few minutes (Dao et al., 2023) [28]. However, it is 
important to note that depolarizing muscle relaxants like 
succinylcholine, along with volatile inhalational anesthet-
ics, are known to trigger malignant hyperthermia [1]. 
Patients with a known or suspected history of malignant 
hyperthermia should be administered anesthetics that 
do not pose a risk of triggering this condition to pre-
vent the onset of malignant hyperthermia. For example, 

rocuronium, along with its antagonist sugammadex, 
should be used instead of succinylcholine, as the study by 
Sumitani et al. (2011) found that the use of rocuronium 
was not statistically or significantly associated with 
malignant hyperthermia [29].

Warning to psychiatrists
Detection and diagnosis of malignant hyperthermia sig-
nificantly depend on the judgment of psychiatrists. In the 
case we observed, malignant hyperthermia manifested 
two hours after ECT, aligning with prior research find-
ings. Visoiu et al. (2014) noted a median time of 76.5 min 
from the induction of anesthesia to the onset of malig-
nant hyperthermia in cases reported since 1998 [30]. 
Furthermore, they reported that the upper third quartile 
duration from the initiation of anesthesia to the onset 
of malignant hyperthermia was 148.3  min. Given the 
considerably shorter duration of ECT compared to gen-
eral surgery, the probability of postoperative malignant 
hyperthermia after ECT might be higher.

Therefore, malignant hyperthermia after ECT is pri-
marily considered to occur in a psychiatric ward and 
be detected by psychiatrists, rather than in the operat-
ing room by anesthesiologists. It is therefore critically 
important to closely monitor for indicators of malignant 
hyperthermia, including abnormal vital signs, such as 
elevated temperature, tachycardia, high blood pressure, 
and tachypnea, as well as characteristic physical pre-
sentations, such as muscle rigidity, masseter spasm, and 
cola-colored urine [5], for a few hours after ECT in a psy-
chiatric ward.

Conclusion
Given the potential lethality of malignant hyperthermia 
following ECT, it is essential for psychiatrists to rigor-
ously monitor both intraoperative and postoperative vital 
signs and physical presentations. Identification at the ear-
liest opportunity and timely intervention with dantrolene 
are crucial in managing malignant hyperthermia.
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