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Case-Control Study of Neuroleptic Malignant Syndrome
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Objective: The authors performed a case-control study of neuroleptic malignant syndrome to
identify potential risk factors. Method: Twenty-five patients with neuroleptic malignant syn-
drome were matched with 50 comparison subjects on age, sex, primary psychiatric diagnosis,
and time of admission to the hospital. The records of all subjects were reviewed independently
by two researchers for information on postulated risk factors. Exploratory direct comparisons
of the two groups were followed by a conditional logistic regression analysis. Results: Patients
with neuroleptic malignant syndrome were more likely to be agitated or dehydrated before the
development of neuroleptic malignant syndrome, often needed restraint or seclusion, and re-
ceived larger doses of neuroleptics soon after hospitalization. Previous treatment with ECT in-
creased vulnerability. Conclusions: The prevalence of neuroleptic malignant syndrome may be
reduced by avoiding large doses of neuroleptics over short periods in the management of acute
psychosis and by paying adequate attention to the patient’s hydration and electrolyte status.

(Am J Psychiatry 1997; 154:1156-1158)

f the various neurological side effects of neuro-

leptic medication, neuroleptic malignant syn-
drome is the most serious and is potentially fatal (1). The
identification of risk factors for its development is there-
fore of great interest, since this may lead to its prevention
in a number of cases. The published literature, which has
been previously reviewed (1, 2), has drawn attention to
numerous putative risk factors, but the data have defi-
ciencies because of inconsistency in the diagnostic criteria
used and dependence on small case series.

Since neuroleptic malignant syndrome is a rare syn-
drome, the best epidemiological method to study its risk
factors is a case-control study. One such study of 18
patients with neuroleptic malignant syndrome has been
previously published (2). In this article, we report the
results of a relatively large study that used a methodol-
ogy similar to that of the previous study, with the inten-
tion of replicating and extending the findings.

METHOD

In this chart-based study, 25 patients with neuroleptic malignant
syndrome were identified between 1989 and 1994 from 11 psychi-

Received May 3, 1996; revisions received Dec. 12, 1996, and Feb.
11, 1997; accepted Feb. 18, 1997. From the School of Psychiatry,
University of New South Wales, and the Neuropsychiatric Institute,
Prince Henry Hospital, Sydney, Australia. Address reprint requests to
Dr. Sachdev, NPI, Prince Henry Hospital, Little Bay, New South
Wales 2036, Australia; P.Sachdev@unsw.edu.au (e-mail).

Supported in part by the National Health and Medical Research
Council of Australia.

The authors thank Jane Kruk and Shubha Srinivasan for data col-
lection and a number of psychiatrists and other physicians, in particu-
lar Dr. David Burke, F.R.A.N.Z.C.P.

1156

atric units in New South Wales. They met the following criteria
for the diagnosis: 1) fever (oral temperature higher than 37.5°C on
at least two occasions); 2) extrapyramidal features (at least one):
a) moderately severe rigidity or b) at least two of the following: mild
rigidity, dysphagia, short shuffling gait, resting tremor, dystonia,
dyskinesia, and creatine kinase level more than 400 U/liter; or c) cre-
atine kinase level more than 1,000 U/liter; 3) either a) altered
consciousness or catatonia or b) autonomic instability character-
ized by two or more of the following: systolic (30 mm above base-
line) or diastolic (20 mm above baseline) hypertension, labile blood
pressure (variability more than 30 mm systolic or more than 20 mm
diastolic at different readings), tachycardia (30 bpm above base-
line), intense diaphoresis, incontinence, and tachypnea (more than
25 breaths/minute); and 4) absence of another identifiable physical
illness.

The subjects with neuroleptic malignant syndrome also met the
operational criteria of Keck et al. (2) for a definite (N=23) or probable
(N=2) diagnosis of neuroleptic malignant syndrome (with oral tem-
perature of 37.5°C as the cutoff).

Each patient with neuroleptic malignant syndrome was matched
with two comparison patients also treated with neuroleptic medica-
tion in the same psychiatric unit, on the following variables: age
(within 2 years), sex, primary psychiatric diagnosis, and time of ad-
mission (within 1 month of index patients), in that order.

Case records were independently reviewed, through use of a
standard data form, by two research assistants. Any discrepancy
was dealt with by a consensus decision involving the first author
(P.S.). The variables on which information was recorded are listed
in table 1. The operational definitions of some relevant variables
were as follows: psychomotor agitation (excessive and purposeless
motor activity recorded on two separate occasions and requiring
additional medication or restraint or seclusion), dehydration (ne-
cessitating “pushing” of fluids orally or by intravenous administra-
tion and indicated by laboratory indices such as urine volume less
than 500 ml/day, urine/plasma creatinine ratio more than 40, or
urine osmolality higher than 500 mosmol/kg). All neuroleptic drug
doses were converted into milligrams of chlorpromazine equiva-
lents (given orally) through use of the data presented by Dauvis (3).

The two groups were compared by using the t test for continuous
variables, the Wilcoxon signed rank test for nonnormal continuous
and noncontinuous discrete variables, and Fisher’s exact test for
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TABLE 1. Differences in Putative Risk Factors for Neuroleptic Malignant Syndrome Between Patients With the Syndrome (N=25) and Com-
parison Patients (N=50)2

Patients With Analysis
Neuroleptic - Odds Ratio
Malignant Comparison Test Effect
Variable Syndrome Patients Value p Unconditional Conditional  Size (d)P
Mean  SD Mean  SD
Continuous
Age (years)© 375 179 369 182 0.12¢ 0.90
Maximum dose of neuroleptics®¢ 9583 821.1 488.1 3344 -2.39" 0.02 4.33 4.30 0.86
Total dose of neuroleptics in first 24
hours® 529.2 4258 362.1 351.3 -1.72" 0.09 2.88 3.33 0.44
Number of intramuscular injections 21 6.9 13 36 -1.200 023 1.14 1.19 0.13
Time to maximum dose (days) 3.9 7.2 4.2 57 -1.40° 0.16 0.69 0.68 -0.06
Time in restraint/seclusion (days) 23 9 06 9 -3.96" 0.0001 28.2 314.1 0.39
N % N %
Categorical
Sex¢ 1.0"
Male 16 32
Female 9 18
Diagnosis® 0.86"
Schizophrenia 17 68 31 62
Bipolar disorder 5 20 14 28
Major depression 2 8 4 8
Organic mental syndrome 1 4 1 2
Pre-neuroleptic malignant syndrome
condition in hospital
Agitation 22 88 32 64 0.03" 3.50 4.26 1.91
Dehydration 6 24 4 8 0.07" 3.67 3.53 1.56
Dystonia 7 28 11 22 0.57"
Other related to treatment
Neuroleptics at admission 14 56 21 42 0.33"
High-potency neuroleptics 15 60 29 58 0.71"
Previous exposure to neuroleptics 20 80 41 82 1.00"
Past history of ECT 8 32 5 10 0.03" 4.53 5.89 2.05

aThe following variables were not significant: history of extrapyramidal side effects (six patients with neuroleptic malignant syndrome and 12
comparison patients), akathisia (N=4 and N=3, respectively), withdrawal of anticholinergic drugs (N=2 and N=0), mental retardation (N=3
and N=7), medical illness (N=4 and N=3), neurological illness (N=1 and N=3), alcohol (N=3 and N=13) and other substance (N=4 and N=16)
abuse, and medication before development of neuroleptic malignant syndrome (lithium: N=8 and N=10, anticholinergics: N=12 and N=26,
and benzodiazepines: N=14 and N=25).

bEffect sizes were calculated by using the formula in Dupont and Plummer’s report (6) for case-control studies. All calculations were based on
the unconditional odds ratios and on the codings used in the regression analyses (see text), with the exception of restraint/seclusion, which was
entered as a binary variable.

®Matched variable.

dStudent’s t test; df=73.

€Chlorpromazine equivalents per day.

fWwilcoxon signed ranks test; z value.

9Ranges for patients with neuroleptic malignant syndrome and comparison patients were 0-15 and 0-30 days, respectively.

hFisher’s exact test.

dichotomous variables. The association between the risk factors  were distributed evenly through the year (for each quar-
o o o S o ot o e e N7, N7, N5, and N-6). A comparison of te
?r?:nyone control subject. This was carried out in generalized linear two groups on the different Var.lab.le.s Is presented in ta-
interactive modeling (4) by using the commands given by Adena  Ple 1. Six variables that were significant (p<0.10) were
and Wilson (5). The effect sizes presented in table 1 were based on  used in a conditional logistic regression analysis: 1) past
the unconditional odds ratios calculated by using the formula for d ECT, 2) agitation before neuroleptic malignant syn-
in matched case-control studies (6). drome, 3) dehydration before neuroleptic malignant
syndrome, 4) total neuroleptic dose in first 24 hours

(coded as 600 mg or less versus over 600 mg), 5) maxi-

RESULTS mum neuroleptic dose (coded as 600 mg or less versus
over 600 mg), and 6) days in restraint or seclusion (re-

Since the two groups were matched on age, sex, psy-  coded as 0 days=0, 1-2=1, 3-5=2, 6 or more=3 and
chiatric diagnosis, and time of year of admission, the  treated as a 0-3 score). One patient with neuroleptic
risks associated with these variables could not be exam- malignant syndrome and two comparison subjects were
ined. Patients with neuroleptic malignant syndrome  excluded from this analysis because of incomplete data.
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We first considered a model (model A, improvement
in fit: x2=25.0, df=6, p<0.001) in which all six variables
were entered in the most likely chronological order (i.e.,
a history of ECT through to the maximum dose given),
and this gave four significant variables (past history of
ECT, agitation before neuroleptic malignant syndrome,
time in restraint/seclusion, and neuroleptic dose on day
1). Removing the two nonsignificant variables (model
B, improvement in fit: x2=24.4, df=4, p<0.001) made
only a trivial difference to the model. Model B correctly
assigned 15 of 24 patients with neuroleptic malignant
syndrome and 45 of 48 comparison subjects. The re-
moval of past ECT at this stage would have only a small
effect. Of greater concern was the possibility that re-
straint/seclusion was distorting the results. For this rea-
son, we examined a third model (model C, improve-
ment in fit: x2=20.0, df=4, p<0.001) in which this
variable was excluded; the variables included were past
ECT, agitation before neuroleptic malignant syndrome,
dehydration before neuroleptic malignant syndrome,
and maximum neuroleptic dose. This was also useful
because restraint and seclusion are events that, in part,
reflect such factors as staffing levels and ward policy
and are therefore more variable across institutions. We
did not include interaction terms because of the small
group sizes.

DISCUSSION

Our study suggests that neuroleptic malignant syn-
drome is more likely to occur in a patient who is in an
agitated or dehydrated state, often needing restraint or
seclusion, who receives large doses of neuroleptic medi-
cation soon after admission to the hospital, and who
continues to receive high doses over the next few days.
Our findings are in agreement with the trends reported
in the previously published literature (2, 7, 8). Our data
suggest that agitation and dehydration make inde-
pendent contributions to the risk.

The emergence of some neuroleptic drug-related risk
factors is also consistent with the suggestions from pre-
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vious literature. Most commonly used neuroleptics
were implicated, and drug potency did not emerge as an
important factor. The administration of a large neuro-
leptic dose in a short period, leading to a marked esca-
lation of the daily dose, received some support from our
study as a risk factor. The subjects with neuroleptic ma-
lignant syndrome also received more intramuscular in-
jections, but the effect size for this variable was small.

A surprising risk factor to emerge from our analysis
was a past history of ECT. We could not determine the
implications of this finding. Noteworthy was our find-
ing that lithium, medical or neurological illness, and
mental retardation were not risk factors; however, we
acknowledge that this finding could be due to certain
methodological limitations such as small group size, es-
pecially in relation to some variables, diversity of
sources, retrospective design, lack of blind conditions,
and the limitations of heuristic model building that used
a large number of variables. Future studies with larger
groups and prospectively gathered information may be
able to overcome some of these shortcomings.
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