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INTRODUCTION 

This case report describes a patient with refractory schizo­
phrenia admitted to the intensive care unit for symptomatic 
hyponatremia. This electrolyte imbalance was attributable 
to psychogenic polydipsia (PPD), a medical condition asso­
ciated with psychiatric disorders and characterized by 
abnormal thirst and excessive fluid intake.1 Rhabdomyo­
lysis was also diagnosed and worsened during the correc­
tion of serum sodium, with the potential contribution of 
clozapine, paliperidone palmitate, and psychotic agitation. 

Rhabdomyolysis is a clinical and biochemical syn­
drome resulting from the breakdown of muscle cells. This 
syndrome ultimately leads to leakage of intracellular con­
tent—specifically creatinine kinase (CK), myoglobin, and 
electrolytes—from the muscle cells into the circulation. The 
occurrence of rhabdomyolysis is rare, but the complications 
can be severe (e.g., acute kidney injury, electrolyte disturb­
ance leading to cardiac arrhythmias).2 Biological markers 
such as CK can help to confirm the diagnosis.3 Common 
etiological risk factors for rhabdomyolysis include trauma, 
illicit drugs (e.g., cocaine, heroin, amphetamines), alcohol 
abuse, immobilization (e.g., coma, sedation, prolonged sur­
gery), and medications (e.g., statins, antipsychotics, lith­
ium, valproic acid, quinolones, colchicine).4,5 Case reports 
in the literature have also suggested hyponatremia second­
ary to PPD as a precipitating factor for rhabdomyolysis.6-21 
Therefore, psychiatric patients can be considered at higher 
risk of rhabdomyolysis because of their prescribed psychi­
atric medications (e.g., neuroleptics and antipsychotics, 
such as haloperidol and atypical antipsychotics; selective 
serotonin reuptake inhibitors; lithium; valproic acid) and 
comorbidities (e.g., substance use disorder, involving illicit 
drugs and alcohol).5 

Of particular interest in this case was the rapid increase 
in CK level to over 100 000 IU/L (normal range 0–150 IU/L), 
in a period of 4 days, in the presence of multiple con­
tributing factors. This article highlights the numerous 

potential factors contributing to rhabdomyolysis and aims 
to increase health care providers’ awareness of the import­
ance of closely monitoring serum CK in patients with such 
a clinical presentation.

CASE REPORT

A 35-year-old white man with a history of schizophre­
nia, borderline personality disorder, attention deficit 
hyperactivity disorder, PPD, and substance use disorder 
was brought to the emergency department for confusion, 
vomiting, and umbilical pain.* A social worker had been 
making daily home visits to verify treatment adherence and 
had reported no issues of concern before this episode. His 
current medications included clozapine 400 mg at bedtime, 
sublingual atropine 1% drops at bedtime, and olanzapine 
5 mg as needed. The clozapine had been gradually intro­
duced to his therapy a month before his presentation to the 
emergency department. His smoking status had remained 
stable since then. Before clozapine, the patient had been 
receiving injections of paliperidone palmitate 350 mg every 
3 months. His last dose was 3 months before presentation to 
the emergency department. 

In the emergency department, physical examination 
revealed tachycardia, diaphoresis, tremor, and apyrexia. 
Initial laboratory investigations revealed severe hyponatremia 
(defined as serum sodium less than 120 mmol/L), with serum 
sodium of 113 mmol/L, urine osmolarity of 133  mmol/kg 
of water (reference range 50–1200  mmol/kg of water), and 
elevated serum CK level, at 1925 IU/L (reference range 
0–185 IU/L). In addition, the serum clozapine level was at 
the upper limit of the normal range, at 1533 nmol/L (ref­
erence range 306–1836 nmol/L). The toxicology screen was 
negative for alcohol or other drugs of abuse (e.g., cocaine, 
cannabis, amphetamines, barbiturates, phencyclidine).

*The curateur public du Québec provided written consent for publication 
of this case report.
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The patient was rapidly transferred to the inten­
sive care unit. Initial treatment consisted of 150 mL of 
3% sodium chloride administered over 20 minutes, fol­
lowed by an infusion of 0.9% sodium chloride at a rate of 
100 mL/h for 3 hours to compensate for the sodium deficit. 
Five hours after administration of the bolus, the patient 
experienced a serum sodium increase of 13  mmol/L, 
reaching a serum sodium level of 126 mmol/L (reference 
range 135–145  mmol/L). Administration of IV fluid was 
stopped, and he received 2  µg of IV desmopressin acet­
ate to decelerate the sodium correction rate. Four hours 
later, an infusion of 0.45% sodium chloride was started, 
at a rate varying between 80 and 250 mL/h, and was con­
tinued for approximately 36 hours to maintain the sodium 
repletion and prevent rhabdomyolysis-induced renal fail­
ure. Natremia normalization was achieved between 35 and 
42  hours after admission, with the serum sodium level 
reaching 136 mmol/L. 

At the same time, progressive worsening of the rhab­
domyolysis was observed. The serum CK level abruptly 
increased, reaching a maximum value of 102 816 IU/L on 
the fourth day of the hospital stay (116 hours after admis­
sion). It started to decrease on the fifth day after admission 
(see Figure 1). CK normalization was achieved 19 days 
after admission, with a level of 150 IU/L (reference range 
0–185 IU/L). To prevent acute renal failure, a high volume of 
fluids (i.e., 200–300 mL/h for about 120 hours) was admin­
istered until the serum CK level fell below 10 000 IU/L at 
day 8, with close monitoring of natremia. The patient’s 
renal function remained stable during the admission, with 
an estimated glomerular filtration rate above 120 mL/min. 

With regard to his medication, clozapine was grad­
ually reduced starting on day 1 of the admission and was 

stopped on day 6. Olanzapine 10 mg daily was introduced 
36 hours after clozapine discontinuation (on day 7) and was 
titrated over a week up to 20 mg daily. During this thera­
peutic substitution, the patient had psychotic agitation. He 
fully recovered after the introduction of olanzapine. He was 
discharged on day 20 with olanzapine 5 mg in the morning 
and 15 mg at bedtime. The serum CK level was maintained 
in the normal range for at least a month after discharge. 

According to the Naranjo probability scale, there was 
a probable causal relationship (score 5) between the use of 
clozapine and the clinical event.22

DISCUSSION

Usually, practitioners consider the possibility of rhabdo­
myolysis when the serum CK level is 5 times the upper limit 
of normal.23 This patient had a mild case of rhabdomyolysis 
on admission (CK 1925 IU/L), which worsened during the 
hospital stay. It is essential to point out the pharmacokinet­
ics of CK to establish the timeline of possible causes of the 
rhabdomyolysis. This biological marker usually increases 
approximately 2  to 12 hours following the breakdown of 
muscle cells. The peak occurs within 3 to 5 days after the 
injury. CK level diminishes over the subsequent 6 to 10 days, 
when multifactorial causes are corrected.24 The potential 
factors contributing to the pathological state of rhabdo­
myolysis in this patient, discussed below, were medications, 
hyponatremia, and rapid correction of the hyponatremia.

Medications
Certain medications (e.g., statins, antipsychotics, lithium, 
valproic acid, quinolones, colchicine), alcohol, and convul­
sions can precipitate rhabdomyolysis.4,5 This patient did 

FIGURE 1. Time course of changes in the patient’s doses of clozapine and olanzapine, 
as well as serum sodium and creatine kinase (CK) levels during the hospital stay. 
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not manifest any sign of seizures and had negative results 
on toxicology screening for alcohol and drugs. Therefore, 
we excluded these as potential contributing factors to the 
rhabdomyolysis, keeping in mind that drug testing has 
its limitations. 

On the basis of the literature, we found a plausible rela­
tionship between the patient’s medication regimen and his 
rhabdomyolysis. In a descriptive retrospective study, Pack­
ard and others25 tried to establish a relationship between 
antipsychotics and rhabdomyolysis in patients admitted 
to a medical centre in Nebraska. Of the 673 cases of rhab­
domyolysis, 71 (10.5%) involved patients who were taking 
at least 1  antipsychotic agent.25 The exact mechanism of 
antipsychotic-induced rhabdomyolysis is still unclear. Two 
hypotheses have been proposed: serotonin antagonism 
increasing permeability to CK and dopaminergic block­
ade resulting in excessive movements and rigidity.25 In the 
case reported here, recent exposure to olanzapine, paliperi­
done palmitate, and clozapine may have contributed to the 
patient’s rhabdomyolysis. Because the olanzapine had been 
prescribed on an as-needed basis and the patient was not 
actually taking it, this antipsychotic will not be considered 
in our analysis. His last deltoid injection of 3-month pali­
peridone palmitate had been administered 3 months before 
the admission. Considering its long half-life (84 to 95 days) 
and the fact that only 1 half-life had passed, the significant 
amount of residual systemic paliperidone palmitate could 
have contributed to the rhabdomyolysis, as reported in the 
literature.25-27 The recent introduction of clozapine might 
also have caused CK elevation. In the study by Packard 
and others,25 clozapine was involved in 4% of the reported 
cases. To our knowledge, at least 7 cases specifically involv­
ing clozapine-associated rhabdomyolysis have been pub­
lished.7,16,19,28-31 In these cases, the following concomitant 
risk factors for rhabdomyolysis were identified: PPD, 
hyponatremia, seizure, lithium use, and electroconvulsive 
therapy.25 Rhabdomyolysis occurred at various times after 
the introduction of clozapine, ranging from weeks to years. 
The serum CK level fluctuated between approximately 
10 000 IU/L and 98 000 IU/L.7,16,19,28-31 Discontinuation of 
clozapine and initiation of fluid therapy appear to have been 
the treatment adopted in the majority of cases.7,16,19,28-31 All 
episodes of rhabdomyolysis resolved after the treatment. In 
2 cases, a second episode of rhabdomyolysis occurred after 
a rechallenge.29,30 Thus, it is plausible that clozapine could 
have contributed to rhabdomyolysis in the case reported 
here, even though the clozapine serum level was within the 
therapeutic range. There was no clozapine rechallenge in 
this case. Only 3 other case reports in the literature describe 
the combination of the same 3 contributing factors as we 
observed (clozapine, PPD, rapid serum sodium correc­
tion).7,16,19 Of these, the case reported by Wicki and others19 
is the only one in which clozapine was rechallenged, and no 
recurrence of rhabdomyolysis was reported. 

Moreover, the patient’s psychiatric disorder was 
unstable during the gradual dose reduction of clozapine and 
the introduction of olanzapine, leading to psychotic agita­
tion. Substantial psychomotor activation is also known as a 
potential contributor to rhabdomyolysis.4,5 

Hyponatremia
Hyponatremia and hypo-osmolarity can cause rhabdo­
myolysis, which is attributable to a change in the trans­
membrane potential, leading to myolysis.18 

A week before presentation to the emergency depart­
ment, the patient’s serum sodium was 140 mmol/L, subse­
quently decreasing to 113 mmol/L. PPD can lead to severe 
and symptomatic hyponatremia (< 120 mmol/L) in the fol­
lowing situations: excessive and rapid hydration (> 100 mL/kg 
daily), maximal urine dilution (< 100 mmol/kg of water), or 
additional contributing factors (e.g., syndrome of inappro­
priate antidiuretic hormone secretion, certain medications, 
malnutrition, alcohol, intrinsic renal disease).1,32 Accord­
ing to Ali and Bazzano,32 second-generation antipsychotics 
may also cause hyponatremia. The current medical hist­
ory (i.e., development of symptoms consistent with severe 
hyponatremia in less than 24 hours in combination with 
PPD) and the laboratory results (i.e., low urine sodium, 
21.0 mmol/L; dilute serum potassium, 3.1 mmol/L, and serum 
chlorine, 73 mmol/L; low urine osmolality, 133 mmol/kg of 
water; low serum osmolality, 235 mmol/kg of water) were 
consistent with excessive fluid intake over a short period sec­
ondary to PPD as the cause of severe hyponatremia. 

The incidence of rhabdomyolysis in patients with 
PPD and severe hyponatremia is approximately 30% to 
60%.33,34 The first report of rhabdomyolysis associated 
with hyponatremia secondary to PPD was published in 
1979.6 We searched PubMed, MEDLINE, Embase (up to 
February 25, 2021), and the grey literature for case reports 
describing rhabdomyolysis with severe hyponatremia sec­
ondary to PPD. More than 20 cases, including ours, have 
now been reported (Table 1).6-21,35,36 However, the under­
lying mechanism remains controversial. All patients in the 
reported cases had severe hyponatremia and serum sodium 
level on admission between 104 and 120 mmol/L. Among 
these cases, most patients were male and had a diagnosis 
of schizophrenia. Other contributing factors included seiz­
ures and medications (e.g., antipsychotics, lithium, valproic 
acid). Clozapine was used to treat schizophrenia in 4 cases, 
including the current case. The peak level of CK ranged 
from 10 642 to 102 816 IU/L between 24 and 144 hours after 
the diagnosis of hyponatremia. Hyponatremia was quickly 
managed in less than 48 hours. In rhabdomyolysis due to 
hyponatremia, the serum CK peak is often reached at 48 to 
96 hours with a level less than 100 000 IU/L. Therefore, the 
high and delayed serum CK peak in the case reported here 
(102 816 IU/L at 116 hours) could be explained by another 
contributing factor: the serum sodium correction rate.7,37
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Rapid Correction of Hyponatremia
A rapid rate of serum sodium correction can cause rhab­
domyolysis.16,33,34 More specifically, it can lead to the failure 
of cell volume regulation, which in turn results in mem­
brane fragility and enzyme leakage.16,33,34 Correction of 
hyponatremia, along with the rate of sodium correction, 
was considered a contributing factor to rhabdomyolysis in 
70% of the cases reported in Table 1. Between 2012 and 2016, 
in a single-centre retrospective cohort study, Kashiura and 
others34 showed that rapid correction of serum sodium was 
independently associated with rhabdomyolysis (defined as 
CK ≥ 1500 IU/L) in 56 cases of water intoxication. The median 
serum sodium correction was 1.15 mmol/L/h (interquar­
tile range [IQR] 0.74–1.31 mmol/L/h) and 1.02 mmol/L/h 
(IQR  0.63–1.20 mmol/L/h) in the first 12 and 24 hours 
following admission, respectively. Among the 56 patients, 
35 patients (62.5%) had rhabdomyolysis. The serum sodium 
level on admission was similar between patients with and 
without rhabdomyolysis (about 110 mmol/L). Patients with 
rhabdomyolysis had a higher median serum sodium cor­
rection rate in the first 12 and 24 hours than those without 
rhabdomyolysis (1.22 versus 0.71 mmol/L/h at 12 hours and 
1.11 versus 0.60 mmol/L/h at 24 hours; p < 0.001). The serum 
CK level on admission was higher in patients with rhab­
domyolysis (661 versus 215 IU/L, p < 0.001), which suggests 
that rhabdomyolysis might have occurred before admission. 
However, as an independent risk factor for rhabdomyolysis, 
the serum sodium correction rate may have contributed 
to the median serum CK peak of 10 323 IU/L (IQR 5775 to 
35 695 IU/L) in patients with rhabdomyolysis.34 

According to the literature, to prevent rhabdomyo­
lysis, a serum sodium correction rate of less than 0.50  to 
0.80 mmol/L/h and an increase in serum sodium of 
10 to 12 mmol/L/24 h are recommended, and this approach 
to sodium correction should be undertaken within the first 
24  hours of hyponatremia.33,34 In the case reported here, 
the serum sodium increased from 113 to 126 mmol/L (a dif­
ference of 13 mmol/L) over 5 hours, and the serum sodium 
correction rate was 1.0  mmol/L/h for the first 12 hours 
after admission to hospital and 0.58 mmol/L/h for the first 
24 hours after admission. These correction rates are faster 
than what is recommended. Consequently, rapid correction 
of hyponatremia could have enhanced rhabdomyolysis in 
this patient. Furthermore, rhabdomyolysis due to the cor­
rection of hyponatremia is often associated with a CK peak 
delayed over 96 hours, which was the case for this patient 
(CK peak 102 816 IU/L after 116 hours).   

CONCLUSION
In the case reported here, the underlying cause of rhab­
domyolysis could not be determined with certainty, given 
the multifactorial etiology of this condition. We considered 
several contributing factors, such as clozapine, paliperidone 

palmitate, psychotic agitation, severe hyponatremia sec­
ondary to PPD, and rapid correction of serum sodium. In 
assessing the risk of rhabdomyolysis, clinicians should be 
aware of the interplay of multiple factors, and serum CK 
level should be closely monitored when one or more of 
these contributing factors are identified. In addition, clin­
icians should be vigilant in setting the rate of correction 
of hyponatremia and should extend close monitoring of 
serum CK levels, given that the CK peak may be delayed. 
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