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Marked Elevations of Serum Creatine Kinase 
Activity Associated with Antipsychotic 
Drug Treatment 
Herbert Y. Meltzer, M.D., Philip A. Cola, M.A., and Mahmoud Parsa, M.D. 

Serum creatine kinase (SCK) activity of the skeletal muscle 
(MM) form is sometimes moderately increased in acutely 
psychotic patients and may be massively increased as a 
result of muscle damage. The objective of this study was 
to characterize the SCK increases in patients treated 
with novel antipsychotic drugs. SCK activity and 
myoglobinuria, an index of gross muscle damage, were 
monitored at varying intervals in schizophrenic or 
schizoaffective patients treated with antipsychotic drugs. 
Possible causes of increases in SCK activity, such as 
trauma, excessive physical activity, exacerbation of 
psychosis, were assessed. Fifteen instances of massive 
increases in SCK activity were observed in 11 out of 121 
patients (10%) treated with the following antipsychotic 
drugs: clozapine, loxapine, haloperidol, melperone, 
risperidone, or olanzapine. These increases in SCK activity 
were of the MM type and ranged from 1,206 to 177,363 
IU/L (median, 9,600 IU/L). Thus, they were much larger 
than the increases usually found in acutely psychotic 
patients or patients with neuroleptic malignant syndrome 
(range, 500-3,000 IU/L). Only the patient with SCK 
activity of 177,363 IU/L had rhabdomyolysis as evidenced 

KEY WORDS: Creatine kinase: Schizophrenia; Clozapine; 
Risperidone; Serotonin 

From the Laboratory of Biological Psychiatry, Department of Psy
chiatry, Case Western Reserve University School of Medicine, Cleve
land, OH. 

Address correspondence to: Herbert Y. Meltzer, M.D., Douglas D. 
Bond Professor of Psychiatry, Department of Psychiatry, University 
Hospitals of Cleveland, 11100 Euclid Avenue, Cleveland, OH 44106-
5000. 

Received September 13, 1995. 

NEUROPSYCHOPHARMACOLOGY 1996-VOL. 15, NO. 4 

© 1996 American College of Neuropsychopharmacology 
Published by Elsevier Science Inc. 
655 Avenue of the Americas, New York, NY 10010 

by myoglobinuria. The onset of the increases was from 5 
days to 2 years after initiating treatment, and the increases 
lasted 4 to 28 days (median, 8 days). Flulike symptoms were 
present in two of the patients, but the others were 
asymptomatic. The increases were self-limiting in three 
cases, despite continuing treatment. Two of three cases 
rechallenged with the same drug again developed large 
increases in SCK activity within a week. It is unlikely these 
increases in SCK activity are related to acute psychosis, 
trauma, or the neuroleptic malignant syndrome. The 
increase in SCK activity may reflect the ability of the drugs 
to increase intermittently cell membrane permeability, 
especially in skeletal muscle, in some vulnerable subjects. A 
possible role of serotonin in this process is suggested by the 
pharmacology of most of the offending drugs. However, in 
some instances, the increases may have been unrelated to 
drug treatment. There was no evidence that these increases 
in SCK activity, despite their magnitude, compromised 
renal function. Routine monitoring of SCK activity of 
myoglobinuria during treatment with the antipsychotic 
drugs studied here is probably not necessary. 
[Neuropsychopharmacology 15:395-405, 1996] 

Transient increases in serum creatine kinase (SCK) ac
tivity of the skeletal muscle (MM) type of moderate 
magnitude (2-20 times normal) have been reported in 
acutely psychotic patients with diagnoses of schizo
phrenia, mania, and psychotic depression (Bengzon et 
al. 1966; Meltzer 1968, 1970, 1973a, 1975, 1976a; Taylor 
and Abichandani 1980; Tsoi et al. 1985). Increased SCK 
activity may also result from trauma, intramuscular in
jections, and neuroleptic malignant syndrome (NMS; 
Meltzer et al. 1970; Meltzer 1973b). Intensive muscular 
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activity does not usually produce marked increases in 
SCK activity (Goode et al. 1977; Meltzer and Moline 
1970a; Foster and Kupfer 1973; Goode and Meltzer 
1976). Recently, several case reports have noted mark
edly elevated SCK concentrations in the partial (Parsa 
et al. 1990) or complete absence of acute psychosis, 
trauma, or the usual symptoms of NMS (Keshavan et al. 
1993; Matcheri et al. 1994; Kirson et al. 1995) in patients 
treated with clozapine, an atypical antipsychotic drug 
(Meltzer 1992). Increased SCK levels during acute psy
chosis is not related to excessive muscle activity and is 
one manifestation of a variety of types of neuromuscu
lar dysfunction characteristic of psychotic patients, es
pecially those with schizophrenia (Meltzer 1975; Melt
zer and Crayton 1974). 

Here, we report 11 patients who developed massive 
increases (the median increase was approximately 50 
times the upper limit of normal) in SCK activity, in the 
complete or nearly complete absence of extrapyramidal 
symptoms (EPS) or other stigmata of NMS, following 
treatment with one of six antipsychotic drugs: cloza
pine, loxapine, melperone, risperidone, olanzapine, and 
haloperidol. All of these drugs, except haloperidol, have 
been noted to share a relatively high affinity for the se
rotonin 5-HT 2A receptor compared to their dopamine 
0 2 receptor affinities (Meltzer et al. 1989; Leysen et al. 
1988; Christensson 1989; Saller et al. 1990; Moore et al. 
1992). The etiology and clinical implications of these in
creases in SCK activity are discussed. 

METHODS 

All patients included in this study were hospitalized. 
Any patient for whom SCK activity determinations 
were available during treatment with antipsychotic 
drugs was included in this study. Diagnoses were estab
lished on the basis of a standardized diagnostic inter
view schedule [the Schedule of Affective Disorders and 
Schizophrenia (SADS; Endicott and Spitzer 1978), to
gether with all available additional chart review and in
terview information. 

The drugs included in this study were either novel 
antipsychotic agents for which SCK activity was deter
mined during the course of treatment or loxapirJ,e, which 
was included because it shares a relatively high affinity 
for the 5-HT2A receptor in vitro and in vivo with these 
drugs (Meltzer et al. 1989; Leysen et al. 1988; Christens
son 1989; Saller et al. 1990; Moore et al. 1992; Stockmeier 
et al. 1993) and haloperidol. 

Case reports, hospital records, and laboratory results 
from protocol studies were examined for all SCK deter
minations obtained during the course of treatment. SCK 
activity was determined in accord with protocol sched
ules for some patients: melperone, clozapine, olanza-
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pine, haloperidol, and risperidone. SCK determinations 
were made by a hospital clinical laboratory or a com
mercial national laboratory. The normal range of SCK 
activity as determined by the University Hospitals of 
Cleveland clinical laboratory is 0 to 225 IU /Lin normal 
males and Oto 140 IU/L in normal females. The intra
and interassay coefficients of variation (CV) were 3.5% 
and 2.2%, respectively. SCK activity also has been shown 
to be higher in African Americans than Caucasians 
(Meltzer and Holy 1974). SCK activity determinations 
for the olanzapine and haloperidol study subjects were 
performed by Scicor, Inc. of Indianapolis, Indiana, which 
provided normal ranges based on race as well as sex 
and age for schizophrenic patients. The upper limits of 
normal for SCK activity in that laboratory for Caucasian 
and African American males is 640 and 1105 IU /L, re
spectively. The intra- and interassay CV were 3.4% and 
3.3%, respectively. The Scicor lab norms are higher be
cause they include the higher levels expected in African 
Americans (Meltzer and Holy 1974) and because of dif
ferences in the method of determination. Both laborato
ries reassayed the abnormal values in duplicate or trip
licate to ensure that they were not due to laboratory 
error. For this reason, multiples of the upper limit of 
normal for each lab should be used to interpret the re
sults reported here. The isoenzyme of CK in serum was 
determined by electrophoresis. Serum aspartate amino 
transferase (SGOT), alanine aminotransferase, gamma
glutamate transferase (SGGT), lactic dehydrogenase 
(LOH), uric acid, calcium, creatinine and blood urea ni
trogen, as well as urine myoglobin, were determined by 
the clinical laboratories. 

RESULTS 

Table 1 provides the number of subjects whose SCK ac
tivity was monitored on each of the study drugs, the 
range and median number of determinations per sub
ject, and the number and percent of patients with at least 
one determination equal to or higher than 750 IU /L for 
University Hospitals of Cleveland or equal to or higher 
than 3,000 IU /L for Scicor labs. These levels are approx
imately five times the upper limit of normal and were 
selected to eliminate from consideration in this report 
increases in SCK activity that might be related to psy
chosis or to nonspecific effects, such as physical activity 
and trauma. 

Eleven of the patients had massive increases in SCK 
activity, with peak values ranging from 1,591 to 177,000 
IU /L (median, 9,610 IU /L; see Table 1). The increases 
ranged from 7.1 to 786 times the upper limit of normal. 
In most cases, additional samples, either just before or 
after the peak value, also demonstrated marked increases 
that were less than the peak levels. Because SCK activ-
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Table 1. Description of Treatment Groups and SCK Increases 

Number of Patients with 
Number of Number of Marked Marked 

Drug Subjects Determinations/Subject Elevations Elevation (%) 

Clozapine 17 1-9 (3)a 2 11.8 
Loxapine 11 1-11 (4) 3 27.3 
Melperone 47 1-51 (6) 12 2.1 
Olanzapine /haloperidol 35b 2-23 (8) 4 11.4 
Risperidone 11 2-8 (4) 2 18.1 

Total 121 15c 10.0 

a Mean per patient 
b Based on 11 patients. 
c Three of these 35 patients were on placebo as part of a phase II blinded study. None of these three 

placebo-treated patients had marked CK elevations. 

ity was not monitored daily, these may not have been 
the actual peak levels. The highest SCK levels were 
noted between day 5 and approximately 3 months of 
treatment (median, 14 days). The duration of the in
creases was 7 to 24 days (median, 9 days). 

The patient group included 63 Caucasian males, 28 
Caucasian females, 22 African American-males, and 8 
African-American females. All were schizophrenic or 
schizo-affective. Marked increases were found in five 
Caucasian males, five African-American males, and one 
African-American female. Males were at greater risk 
than females (Fisher's Exact, two-tail, p = .017). How
ever, SCK increases were more frequent in African
Americans than Caucasians (chi-square= 5.74, p = .01). 
The CK isoenzyme in serum was only the skeletal mus
cle (MM) form. There were modest increases in SGOT 
activities (median value was three times normal) at the 
time of most of the SCK increases. There were no in
creases in blood urea nitrogen, serum creatinine, uric 

Table 2. Peak SCK Activity 

Patient Drug Laboratory Peak Serum CK (IU/L) 

1 Melperone UHa 11,723 
8,713 

2 Clozapine UH 11,004 
3 Clozapine UH 27,060 
4 Haloperidol Seib 19,420 

13,200 
5 Olanzapine Sci 15,100 
6 Olanzapine Sci 8,150 

Risperidone UH 1,206 
7 Olanzapine Sci 8,920 
8 Loxapine UH 3,917 

Risperidone UH 1,591 
9 Risperidone UH 9,571 

10 Loxapine UH 177,363 
11 Loxapine UH 5,236 

a UH, University Hospitals of Cleveland. 
b Sci, Scicor Laboratories. 

acid, or calcium in any of the 11 patients at the time of 
the SCK increases. 

The median number of determinations of SCK activ
ity in the other 110 patients with normal or slightly in
creased SCK levels while on medication was three to 
eight. They were usually obtained in the first 6 weeks of 
treatment. Of the 11 patients with massive increases in 
SCK activity in this study, six had normal SCK levels, 
and five had elevated SCK levels at admission: 305,369, 
421, 3,871 and 24,640 IU /L. SCK levels were also avail
able at the time of other admissions (N = 23) for eight of 
the patients. SCK levels were higher at admission in 
three of the eight patients: 659, 600, and 914 IU /L (mea
sured by University Hospitals of Cleveland laboratory) 
and were within normal limits for the other 20 admis
sions. 

We describe eight of the 11 cases with massive SCK 
increases. In all cases, known causes of SCK increases 
such as NMS (e.g., fever, rigidity, autonomic instability), 
myocardial infarction (EKG, physical signs), infection, 
trauma, excessive physical activity, and intramuscular 
injections were sought and not observed, except as noted. 

CASE REPORTS 

Case 1 (Melperone) 

EP, a 26-year-old African-American male with chronic 
paranoid schizophrenia, was admitted to the hospital 
for a trial of treatment with melperone, an antipsychotic 
drug that produces low EPSs (Christensson, 1989; Bjerk
enstedt 1989; Meltzer et al. 1990). On admission, the pa
tient exhibited delusions of thought broadcasting and 
thought insertion and reported auditory hallucinations. 
All admission laboratory tests were within normal lim
its, with baseline SCK activity of 118 IU /L (normal, 
~225 IU /L). SCK activity during treatment is shown in 
Figure 1. After obtaining written consent, melperone 
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therapy was initiated on day 16 of hospitalization, and 
a peak dose of 400 mg was reached 10 days later. The 
patient tolerated the medication well and exhibited a 
marked decrease in psychotic symptoms over the fol
lowing 3 weeks. SCK activity was 136 IU /L on day 
seven of treatment. On day 35 of hospitalization (day 19 
of active treatment with melperone), he developed flu
like symptoms with a low-grade fever and mild muscu
lar pain, but no EPS or autonomic dysfunction. SCK ac
tivity was 5,661 IU /L. The next day it was 11,723 IU /L. 
Slight increases in SCOT and SGPT were also present. 
Urine myoblobin was negative. Melperone was contin
ued for 4 more days, during which time SCK activity 
decreased to 1,372 IU /L. Melperone was discontinued 
for 8 days, during which time SCK activity returned to 
normal. Treatment with melperone was resumed on 
day 45 of hospitalization, with daily monitoring of SCK 
activity. SCK activity started to increase 6 days later 
(520 IU /L). On day 7, SCK activity was 3,216 IU /L, at 
which time melperone was stopped. The next day, it 
was 8,713 IU /L and declined to baseline level 9 days 
later. Treatment with thioridazine was initiated, with
out any effect on SCK activity. 

Case 2 (Clozapine) 

After several years of unsuccessful trials of various con
ventional antipsychotics (haloperidol, fluphenazine, thior
dazine, loxapine), LV, a 36-year-old Caucasian male, was 
treated with clozapine. Because of a major motor sei
zure, phenytoin was added. After 6 months treatment 
with clozapine (peak dose, 600 mg/ day), he became 
noncompliant and was readmitted to the hospital be
cause of an acute exacerbation of psychosis. Admission 
blood and urine tests were all normal, except for an 
SGGT level of 321 IU /L (normal, 30-135 IU /L) and SCK 
activity of 421 IU /L. Therapy was reinstituted with doz-

Figure 1. SCK levels in a 26-year-old 
male with schizophrenia treated with 
melperone. *, Beginning of melperone 
treatment. 
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apine and phenytoin. Four weeks after treatment was 
restarted, SCK activity was found to be 11,004 IU /L 
(Figure 2), with SGGT activity increased to above 500 
IU /L. Clozapine and phenytoin were discontinued. Six 
days after discontinuing clozapine, SCK activity returned 
to normal (155 IU /L), but psychotic symptoms wors
ened. He was restarted on the combination of clozapine 
(peak dose, 600 mg/ day) and phenobarbital. SCK levels 
and liver enzyme activities remained within normal 
ranges. 

Case 4 (Haloperidol) 

At the time of admission to the hospital for a double
blind trial of olanzapine versus haloperidol, BE, a 34-
year-old African-American male, was cognitively intact, 
but exhibited severe negative symptoms. All laboratory 
tests were within normal limits, with SCK activity ranged 
between 167 and 305 IU /L. By the day 6 of double-blind 
therapy (subsequently known to be haloperidol), SCK 
activity was found to be 19,420 IU/L. Treatment with 
haloperidol was stopped. Over the next 7 days, the SCK 
activity gradually decreased to 747 IU /L, but the pa
tient developed marked positive psychotic symptoms, 
characterized by formal thought disorder and halluci
natory behavior. Double-blind therapy (haloperidol) 
was restarted, and once again SCK levels peaked to 
13,200 IU /L by the fifth day of treatment (Figure 3). Drug 
treatment was discontinued and SCK activity returned 
to baseline 5 days later. No further increases in SCK ac
tivity were noted. 

Case 5 (Olanzapine) 

LP, a 42-year-old Caucasian male with a diagnosis of 
schizoaffective disorder, gave written consent to partici
pate in a double-blind trial of olanzapine versus halo
peridol. SCK activity at baseline was 140 IU /L. After 6 
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Figure 2. SCK levels in a 36-year-old 
male with schizophrenia treated with 
clozapine. *, Clozapine discontinued on 
day 33. **, Clozapine restarted on day 59. 
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weeks as an outpatient, during which weekly determi
nations of SCK activity were normal, he was placed on 
open-label olanzapine because of a lack of response on 
blinded medication, which was olanzapine. On a dose 
of 20 mg/ day during the fifth week of open treatment, 
he was found to have a SCK activity of 15,100 IU /Lon a 
routine outpatient visit (Figure 4). There were no other 
serum enzyme increases. The patient was no longer psy
chotic at this time. Olanzapine was discontinued. SCK 
activity was normal 6 days later. This patient was then 
started on haloperidol (10 mg/ day) without any further 
SCK increases in about a 3-month period of observation. 

Case 6 (Olanzapine/Risperidone) 

WT, a 33-year-old African-American male with neuro
leptic-responsive paranoid schizophrenia, gave written 
consent to participate in a double-blind study of olanza-
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pine versus haloperidol. He presented delusions of ref
erence, thought withdrawal, persecutory delusions, and 
auditory hallucinations at screening and baseline work
ups. SCK activity at admission was 114 IU/L and was 
normal during the 6 weeks of blinded treatment. Be
cause his symptoms did not respond to the blinded (ha
loperidol) medication, he was then placed on open
label olanzapine. During the first 5 weeks of open-label 
olanzapine treatment, SCK activity remained normal 
and his psychosis improved. On week 6 of open-label 
olanzapine, during a routine outpatient visit, SCK activ
ity was 8,150 IU /L. Urine screen for cocaine was nega
tive. The patient was discontinued from the protocol, 
and 3 days later, SCK activity returned to normal. SCK 
levels were normal on four occasions during the subse
quent 4-month period of treatment with thiothixene. In 
a subsequent trial with risperidone, SCK activity rose 

25 30 

Figure 3. SCK levels in a 34-year-old 
male with schizophrenia treated with 
haloperidol. *, Beginning of double-blind 
treatment. **, Treatment discontinued. 
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gradually, beginning with the third week of treatment 
to a peak of 1,206 IU /Lat 4 weeks and then returned to 
normal over 5 days. No known reason for this increase 
was noted. 

Case 7 (Olanzapine) 

DH, a 21-year-old African-American male diagnosed 
with chronic undifferentiated schizophrenia, had one 
psychiatric hospitalization in March of 1994. He was 
treated with a standard antipsychotic drug and dis
played a mild response to treatment without any SCK 
elevations. He was reevaluated in July 1994 because of 
persistent symptoms, which included auditory halluci
nations, persecutory delusions, and avoidant and anti
social behaviors. He gave written informed consent to 
begin double-blind therapy with either olanzapine or 
haloperidol. He was randomized to olanzapine. Screen
ing and baseline SCK activities were 471 and 588 IU /L, 
respectively. Urine screen for cocaine was negative. Af
ter 1 week of blinded therapy, SCK activity increased to 
8,920 IU /L. The patient continued double-blind ther
apy, and within 1 week SCK activity decreased to 970 
IU /L (Scicor). Three subsequent SCK activity determi
nations over the next 3 months were also within normal 
limits. Four months later, while still receiving olanza
pine, SCK activity was found to be 9,610 IU/L. There 
were no other laboratory abnormalities. SCK levels were 
939 IU /L 5 days later. No known cause of increased 
SCK activity was apparent at the time of both increases 
in SCK activity. 

Case 8 (Loxapine/Risperidone). 

BG, a 30-year-old Caucasian male with treatment-rE'frac
tory chronic paranoid schizophrenia, was admitted to 
the hospital for a trial of risperidone. During a previous 
trial of loxapine, a SCK activity of 3,917 IU /L was noted. 
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On this admission, the patient exhibited labile affect 
with ideas of reference and auditory hallucinatons. All 
the laboratory tests were within normal limits, with a 
baseline SCK activity of 188 IU /L. After the washout 
period, treatment was initiated with risperidone at 2 mg/ 
day and increased to 6 mg/ day over the next 3 days. 
Five days later, an elevation in SCK activity (with a peak 
level of 1,591 IU /L) and a mild increase in SGOT and 
SGPT were noted. Despite the SCK elevation, the pa
tient was maintained on risperidone at 6 mg/day, and 
enzyme levels gradually returned to normal range over 
the following 4 weeks. Multiple SCK determinations 
were normal during the next 6 months. 

Case 10 (Loxapine) 

CL, a 27-year-old African-American female, was admit
ted to the hospital because of acute "stomach pain" and 
delusions of being pregnant. Loxapine had been in
creased to 100 mg/ day 3 weeks prior to admission. On 
physical examination, she was afebrile with blood pres
sure of 128/84 mmHg, but with tachypnea (36 respira
tions per minute), tachycardia (130 beats per minute), 
and moderate substernal tenderness. Blood cell counts 
were normal. Blood chemistries were significant for 
SCK activity of 26,100 IU /L, with slight increases in 
SGOT and LDH values but normal SGPT and SGGT 
levels. Myoglobin was present in urine, but loxapine 
was stopped. SCK activity reached 177,000 IU /L (skele
tal muscle isoenzyme) over the next 3 days (Figure 5). 
Despite this, serum creatinine and urea nitrogen values 
were within normal limits. Electrocardiogram (ECG) 
showed sinus tachycardia with nonspecific T-wave ab
normalities. None of these assessments identified a spe
cific etiology for respiratory distress, abnormal labora
tory values, or the elevated SCK levels. A tentative 
diagnosis of loxapine-induced rhabdomyolysis was made. 
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Supportive treatments and intravenous hydration were 
initiated. The syndrome resolved within 10 days of 
stopping loxapine. All the blood chemistries, including 
liver enzymes and SCK activity, returned to normal 
ranges. She was started on perphenazine with a peak 
dose of 24 mg/ day. No increases in SCK activity ensued. 

DISCUSSION 

We report here 11 cases of very marked increases in 
SCK activity in patients with schizophrenia treated with 
a variety of antipsychotic drugs. SCK increases began 
during treatment with antipsychotic drugs in all cases. 
The increases in SCK activity were of the skeletal mus
cle type. There was no evidence that muscle trauma or 
hyperactivity contributed to the release of CK from 
skeletal muscle in any of these cases. The time after ini
tiation of antipsychotic treatment when increases in 
SCK activity were first detected ranged from 5 days to 2 
years, but may have been present even earlier in some 
cases, as SCK activity was monitored intermittently. A 
weekly monitoring schedule would have been the mini
mum necessary to detect most increases, based on the 
observed duration of increases of 4 to 28 days (median, 
9 days). Seven of the increases were detected as part of 
research protocols that called for routine SCK determi
nations. One increase was detected at admission, one 
during a routine check, two because of a flulike syn
drome, and one during an acute exacerbation of psy
chosis as clozapine was being tapered. One patient had 
two marked increases on two different drugs. The fre
quency of monitoring in the other 110 cases was sparse, 
so it is not possible to rule out asyptomatic, transient 
SCK increases in these patients. 
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Figure 5. SCK levels in a 27-year-old 
female with schizophrenia treated with 
loxapine. *, Loxitane treatment discon
tinued (100 mg/ day), **, Beginning of 
trilafon treatment. 

The increases in SCK activity noted here were much 
greater in magnitude and longer in duration than previ
ously reported in acutely psychotic patients, which usu
ally ranged from 2 to 20 times the upper limit of normal 
(Meltzer 1968, 1969, 1970, 1971, 1975, 1976a; Meltzer 
and Moline 1970b). Peak levels in the patients studied 
here ranged from 1,591 to 177,363 IU /L (median, 11,004 
IU /L). The median increases were approximately 100 
times the levels in these subjects at baseline or after re
covery. The duration of the increases in the cases re
ported here once medication was stopped ranged from 
4 to 28 days (median, 9 days), which is significantly 
longer than the 2- to 5-day duration of elevated SCK ac
tivity usually present during acute psychosis (Meltzer 
1968, 1969, 1970, 1976a). To our knowledge, these in
creases were not associated with any loss of muscle 
function, such as weakness, because the amount of CK 
activity in skeletal muscle is enormously greater than 
the amount that would have been necessary to produce 
the increase noted here. In addition, other means of high
energy phosphate metabolism may have been used to 
compensate for the loss of CK activity. 

Increases in SCK activity were first reported to occur 
in NMS during the course of earlier studies of SCK ac
tivity in schizophrenia by this laboratory (Meltzer 1973b). 
More recently, Gurrera and Romero (1993) reported SCK 
levels in 65 probable cases of NMS. The median in
crease was 800 IU/L. Only 5/65 (7.7%) cases had serum 
levels equal to or higher than 5,000 IU /L, with a peak of 
30,000 IU /L. Occasional cases of NMS have extremely 
high SCK activity (e.g., 220,000 IU/L; Hashimoto et al. 
1984). However, none of the major features of NMS, 
such as muscular rigidity, autonomic instability, or fe
ver, were noted in the patients reported here, with the 
possible exception of Case 10. SCK increases in pub
lished cases of clozapine-related NMS have not been as 
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high as the levels reported here (Pearlman 1986; Kellam 
1987; Pope et al. 1986; Das Gupta and Young 1991; Miller 
et al. 1991; Thornberg and Ereshefsky 1993). There have 
been several case reports of increased SCK activity in 
clozapine-treated patients that have been ascribed to 
NMS without muscular rigidity (Nomopolous et al. 
1990; Goates and Escobar 1992). Neither of these cases 
were comparable to the cases reported here. Increased 
SCK activity has been reported in association with neu
roleptic-induced acute dystonia (Lui 1979; Cavanaugh 
and Finlayson 1984), as well as severe or even mild-to
moderate tardive dyskinesia (Egan et al. 1993). Increased 
SCK activity during neuroleptic withdrawal also has 
been reported by Malas and van Kammen (1982). This 
is not relevant to any of the cases reported here, except 
for Case 3, who developed a large increase in SCK activ
ity as clozapine was being withdrawn. Neither acute 
dystonia nor severe tardive dyskinesia were present in 
any of the patients reported here. 

Cocaine overdosage has been reported to be associ
ated with rhabdomyolysis and high SCK activity (e.g., 
5,670 IU /L; Pagala et al. 1993). Patients 6, 7, and 11 had 
abused cocaine prior to admission but had normal SCK 
activities at admission and no evidence of cocaine in 
urine samples. Phencyclidine (PCP) may occasionally 
cause rhabdomyolysis in man (Merigian and Roberts 
1987), as may amphetamine (Grossman et al. 1974). Rhab
domyolysis has been reported with amphetamine (Gross
man et al. 1974; Terada et al. 1988; Watson et al. 1993), 3-4-
methylenedioxymethylamphetamine ("Ecstasy"; Henry et 
al. 1992; Forrest et al. 1994), 3,4-methylenedioxyetham
phetamine ("Eve"; Tehan et al. 1993), and pemoline, an 
indirectly acting sympathomimetic with actions similar 
to those of amphetamine (Briscoe et al. 1988). In the lat
ter case, this was associated with prolonged coma. There 
was no evidence of PCP, amphetamine, or substituted 
amphetamine abuse in any of the cases we report. 

The true incidence of SCK increases in this popula
tion cannot be ascertained because SCK levels were not 
routinely checked during the course of hospitalization. 
There were no SCK data available in the majority of the 
patients treated with clozapine at this center. However, 
SCK activity was studied five times a week in 318 hos
pitalized schizophrenic and other psychiatric patients 
(median duration of hospitalization, 34 days) treated 
mainly with haloperidol, chlorpromazine, thioridazine, 
or fluphenazine. Close attention was paid to adventi
tious causes of SCK increases (Meltzer 1968, 1969, 1970, 
1976a; Cogen et al. 1978). SCK levels of the magnitude 
we note were completely absent in all of these patients 
(upper limit of normal, 100 IU /L, depending on race 
and sex). Thus, the assay used in our previous studies is 
comparable to that used at University Hospitals of Cleve
land but would have produced lower results (by 50% to 
75%) than those obtained by the commercial laboratory 
used in the clinical trials. 
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Several other cases of large increase in SCK levels in 
an otherwise unremarkable clozapine-treated patients 
have also been reported. Keshavan et al. (1993) described 
a patient with a maximum SCK activity of 6,520 IU /L 
and marked increase in liver enzymes after 3 weeks of 
treatment. This patient also had increased SCK eleva
tions 1 week after a second trial of clozapine, as well as 
marked increases in levels of liver enzymes. Matcheri et 
al. (1994) and Kirson et al. (1995) reported clozapine
treated patients with SCK activity of 6,520 IU /L, and 
34,630 and 47,195 IU /L, respectively. Both patients re
ported by Kirson et al. (1995) had elevated serum liver 
enzymes without evidence of NMS. A case of clozapine
induced increase in liver enzymes that did not recur af
ter rechallenge with clozapine has been described 
(Meltzer et al. 1980). 

It is noteworthy that on rechallenge with the same 
drugs, two (Cases 1 and 4, but not Case 2) of three cases 
studied here also showed a prompt recurrence of in
creased SCK activity of similar magnitude and time 
course. However, three patients (Cases 7, 8, and 9), 
showed gradual decreases in SCK activity to normal 
levels despite continued treatment with olanzapine or 
risperidone. None of the other four patients with large 
increases in SCK activity during treatment developed 
high SCK when shifted to thioridazine, haloperidol, or 
perphenazine. 

The SCK and liver enzyme elevations we noted were 
most likely related to drug treatment, especially be
cause of the two cases (Cases 1 and 4) in which rechal
lenging with the same drug raised SCK levels within 1 
week. On the other hand, one case (Case 2) showed no 
recurrence in elevations of SCK activity when rechal
lenged, and two cases showed a return of SCK activity 
to normal despite continued risperidone treatment. In 
one of these, a second increase occurred, then again lev
els returned to normal. These data suggest that at least 
two different mechanisms may be present or that a 
state-dependent vulnerability may be relevant to the 
pathophysiology of a single process. The self-limiting 
nature of the SCK increases in three cases indicates that 
state-dependent vulnerability factors or exogenous fac
tors not yet identified may be of importance. This state
dependent factor may explain why SCK increases were 
not observed during prior exposure to the drugs impli
cated here in patients 2, 8, and 9. Except for Case 2, in 
which the CK increase occurred while the patient was 
receiving clozapine and phenytoin, the patients received 
only the antipsychotic indicated. The highest SCK lev
els were noted in a patient with a flulike syndrome 
(Case 10), which did not appear to be NMS, but the 
other patient with infectious symptoms (Case 1) did not 
noticeably differ from the other nine patients in the mag
nitude of the increase in SCK activity. 

The very large increases in SCK activity reported ap
pear to be less frequent in patients treated with typical 
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neuroleptic drugs (Meltzer 1975; Meltzer et al. 1980). 
However, smaller elevations in SCK activity due to neu
roleptic treatment have been reported (Pearlman et al. 
1988). Molindone has been reported to produce rhab
domyolysis (Johnson et al. 1986). A case of thiothixene
induced severe dystonia leading to rhabdomyolysis has 
been reported (Ravi et al. 1982). It may be relevant that 
the five of the six drugs definitely associated with SCK 
increases in this study are relatively potent 5-HT2A an
tagonists compared to their D2 receptor potency (Melt
zer et al. 1989). Absolute 5-HT2 receptor potency as 
measured in vitro is not a distinguishing feature of 
these six drugs because melperone is weaker than chlor
promazine in this regard. However, chlorpromazine is a 
more potent D2 receptor antagonist than a 5-HT 2 recep
tor antagonist (Meltzer et al. 1989). 

A high-affinity 5-HT receptor (Kd 1.46 nM) in the sar
colemma has been identified using 125iodolysergic acid 
diethylamide (Moretti-Rojas et al. 1983). This is unlikely 
to be a 5-HT2A or 5-HT2c binding site because of the re
ported pattern of affinities for 5-HT2 antagonists, but it 
could be another type of 5-HT receptor. 

Serotonin has been reported to accumulate in skele
tal muscle by passive diffusion (Stahl and Meltzer 1977). 
We (Meltzer 1976b) and others (Narukami et al. 1991) 
have demonstrated that 5-HT can be toxic to skeletal 
muscle, leading to necrosis and massive increases in SCK 
activity in rodents. In particular, some tricyclic drugs, 
such as imipramine, have been found to potentiate the 
toxic effects of 5-HT on rat skeletal muscle (Meltzer 
1976b). Thus, the antipsychotic drugs studied here, all 
of which are tricyclics, might have interacted with en
dogenous 5-HT to cause some skeletal muscle injury. 
The absence of myoglobinuria in all but one case sug
gests that gross injury to skeletal muscle is absent in 
most cases. 5-HT2 receptors have been shown to exert a 
potent, tonic influence on blood flow in rat skeletal 
muscle that can be blocked by 5-HT2 antagonists (Ver
heyen et al. 1984; Ramage 1988). It is also noteworthy 
that the 5-HT2A;2c agonist 1-(2,5-dimethoxy-4-iodo
phenyl)-2-aminopropane (DOI) can cause malignant 
hyperthermia (MH) in pigs (Loscher et al. 1993). Malig
nant hyperthermia is characterized by generalized skel
etal muscle rigidity, increased SCK activity, and hyper
thermia and may be related to NMS (Meltzer 1973b). 
However, as stated, there was no evidence to suggest 
subclinical NMS in any of the cases reported here. 
Moreover, because 5-HT 2 antagonists block the ability 
of 001 to induce MH in pigs (Loscher et al. 1990), we 
would have expected the antipsychotic drugs studied 
here to inhibit any endogenous process related to 5-HT2A 
receptor stimulation that might lead to an NMS-like 
process, unless these drugs were partial agonists. 

It is noteworthy that a large group of growth factors 
necessary for the maintenance of motor neurons and, 
indirectly, muscle fibers have been identified, such as 
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brain-derived neurotrophic factor, neurotrophin-3, neu
rotrophin 4/5, ciliary neurotrophic factor, transforming 
growth factor 13, fibroblast growth factor, and platelet
derived growth factor (Yuen and Mobley 1995). The pos
sibility that the antipsychotic drugs cause alterations in 
the relationships between these growth factors, motor 
neurons, and muscle fibers is an intriguing possible ex
planation of the results reported here. 

The marked elevations in SCK activity noted could 
be potentially toxic to kidney function (Coryell et al. 
1978) if accompanied by increased uric acid and myo
globin. Fortunately, no increases in these substances 
were observed in any of these cases. SCK increases in 15 
cases of nontraumatic rhabdomyolysis and acute renal 
failure were comparable to those observed here (range, 
11.5-120,00 IU/L; median, 9,250 IU/L; Grossman et al. 
1974). The cause of renal failure in these cases has been 
suggested to be rapid entry of preformed intracellular 
creatinine into the extracellular fluid through damaged 
muscle-cell membranes (Grossman et al. 1974). Similarly, 
the hyperkalemia and hypo- or hypercakernia seen in 
rhabdomyolysis and renal failure were not observed 
here. These differences suggest a selective increase in 
sarcolemma permeability rather than muscle necrosis as 
a cause of the increased SCK activity reported. It is, 
therefore, likely that any SCK elevations, such as those 
reported, if they do develop during the course of treat
ment with clozapine, are usually not accompanied by 
skeletal muscle necrosis are are usually self-limiting. A 
comprehensive study of a consecutive series of cases is 
indicated, however, to determine the true incidence of 
these elevations and whether they are ever associated 
with such conditions as hyperuricemia, hyperkalemia, 
myoglobinuria. Based on the data we report, the inci
dence of large increases in SCK levels during treatment 
with clozapine and related antipsychotic drugs may be 
as high as 1 % to 10%, but the timing of the increases 
may be highly variable. 

In conclusion, markedly increased SCK levels were 
observed in approximately 10% of patients treated with 
clozapine, risperidone, melperone, olanzapine, haloperi
dol, and loxapine. These increases were self-limiting in 
some cases. The basis or the increase in SCK activity 
may be increased cell-membrane permeability. These 
increases do not appear to be related to NMS. It may be 
safe to rechallenge patients who develop large SCK in
creases on these drugs shortly after the observed in
creases have subsided. The risk of renal damage in asso
ciation with the SCK increases appears minimal. 
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