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Abstract

Neuroleptic malignant syndrome (NMS) is a rare, but severe adverse drug reaction of drugs with anti-dopaminergic prop-
erties. The main symptoms are fever and rigor. In addition, other symptoms such as creatine kinase elevation, alteration
of consciousness and various neurological symptoms may occur. A total of 52 NMS cases have been documented in the
drug safety program ‘Arzneimittelsicherheit in der Psychiatrie’ from 1993 to 2015. We calculated incidences and analyzed
imputed substances and additional risk factors to study the impact of changing therapy regimes. The overall incidence was
0.16%o. High-potency first-generation antipsychotics (FGAs) had the highest incidences, e.g. flupentixol with 0.61%o.
Second-generation antipsychotics (SGAs) had lower incidences. Low-potency FGAs had very low incidences, comparable
to SGAs, but in contrast to SGAs, had not been imputed alone in any case of NMS. Preexisting organic pathologies of the
central nervous system, lithium treatment, infection/exsiccosis and the withdrawal of medication with anticholinergic prop-
erties or alcohol were found to be additional risk factors. With the increasing use of SGAs, one should always be aware of
the risk of NMS. Better suited diagnostic criteria for ‘atypical NMS’ would lead to a better understanding and, therefore, to
improved treatment possibilities.

Keywords Neuroleptic malignant syndrome - Antipsychotics - Medication-induced movement disorder - Diagnostic
criteria - Incidences - Risk factors

Introduction

Neuroleptic malignant syndrome (NMS) is a severe idiosyn-
cratic adverse reaction of anti-dopaminergic pharmacologi-
cal interventions including dopamine receptor antagonism or
withdrawal of dopaminergic medication. Thus, this adverse
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drug reaction (ADR) is reported to the database of the ongo-
ing pharmacovigilance program ‘Arzneimittelsicherheit
in der Psychiatrie’ (AMSP) by participating psychiatric
centers.

NMS is characterized by a heterogeneous set of symp-
toms consisting not exclusively of muscle rigidity, hyper-
pyrexia without signs of infection, vegetative instability,
metabolic changes, altered mental status, and elevated cre-
atine kinase (CK) in laboratory tests. It may have serious
sequelae or even be fatal in 5-15% of cases [1, 19], therefore
its prompt recognition is mandatory. Although the incidence
of NMS is low (<0.4%o0) and seen to be declining [24, 25,
33], there is a risk that it can easily be overlooked [26]. This
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is reinforced by a broader spectrum of indications especially
for atypical antipsychotics [9, 27].

An NMS can occur at any time in the course of an antip-
sychotic treatment. Typically, the symptoms occur within
the first 2 weeks after initiation or modification of the medi-
cation. In 79% of the patients, symptoms mostly develop
within 3 days, but longer courses of up to 30 days have been
described [1]. Altered consciousness and extrapyramidal
motor symptoms (EPMS) like rigor and tremor are often at
the beginning, and then fever, CK increase and disorders of
the autonomic regulation follow the course [4].

Well-known risk factors for NMS are gender (males more
than females) and age of the patient (less than 40 years) [14],
as well as postpartum exposure to antipsychotics, organic
central nervous system (CNS) pathology, extreme agitation,
previous episodes of NMS and a recent episode of catatonia
[1, 4,7, 24, 25]. The type of antipsychotic, typical or atypi-
cal, and its potency are considered to be important, as well
as the time course of therapy, rapid titration regimens, and
the use of depot formulations [26]. Additionally, a hereditary
component of the syndrome is discussed [15].

To diagnose NMS according to current international
disease classification systems, there must have been an

exposure to a medicinal product affecting the dopaminer-
gic system in the described manner in an interval less than
72 h before onset of symptoms as well as exclusion of other
causes.

After diagnosis of NMS in addition to the discontinuation
of the culprit medication, which may lead to self-limiting
of symptoms, other therapeutic interventions in a critical
care unit are often immediately required. Therefore, early
detection and treatment before the full clinical picture has
evolved is crucial [7].

However, the current classification systems differ in
some criteria for this possibly life-threatening diagnosis.
In addition to the AMSP criteria for NMS, we used The
International Classification of Diseases and Related Health
Problems 10th Revision (ICD-10) and the Diagnostic and
Statistical Manual of Mental Disorders (DSM)-IV /-IV TR
and DSM-5 [2, 3, 39]. The respective diagnostic criteria for
NMS are shown in Table 1.

It is to note that in the light of rising prescription rates for
second-generation antipsychotics (SGAs) many clinicians
are questioning the impact of atypical antipsychotics in com-
parison to typical remedies on NMS. We will show the con-
tribution of the AMSP database to this question in terms of

Table 1 Diagnostic criteria for neuroleptic malignant syndrome (NMS) according to ICD-10, DSM-IV /-IV TR, DSM-5

DSM 5

ICD 10 DSM 1V and IV TR
Main symptoms: Obligatory:

High fever Fever

Rigor Rigor

Other EPMS/neurological symptoms:
tremor, muscular cramps, rigidity

CK elevation

Alteration of mental status as far as
coma, confusion, cognitive dysfunc-
tion

Autonomic nervous system dys-
function (diaphoresis, labile blood

pressure)
Additional: Additional (>2 have to be
Leukocytosis fulfilled):
Tremor
Incontinence
Dysphagia

Changes of consciousness
ranging from confusion to
coma

Mutism

Diaphoresis

Elevated or labile blood
pressure

Tachycardia

Laboratory evidence of
muscle injury (e.g., elevated
CK)

Leukocytosis

Main symptoms:
Fever (>38 °C=100.4 °F)
Rigor

Additional:

Other laboratory abnormalities (leukocytosis, CRP elevation)

Other EPMS/neurological symptoms (tremor, sialorrhea, akinesia, dys-
tonia, trismus, myoclonus, dysarthria, dysphagia, rhabdomyolysis)

CK elevation >4 times of normal value

Alteration of mental status as far as coma/delirium-like mental status

Autonomic nervous system activation and instability (blood pres-
sure elevation or fluctuation, diaphoresis, incontinence, tachycardia,
tachypnea, pallor)

CK creatine kinase, EPMS extrapyramidal motor symptoms, CRP C-reactive protein
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absolute numbers as well as relative risk rates. Additionally,
the AMSP database was searched for risk factors.

Methods
AMSP

The ongoing AMSP drug surveillance program continually
assesses severe ADRs of psychiatric inpatients in routine
clinical treatment. Detailed information about the AMSP
methodology has been described elsewhere [12, 13]. All
relevant information—containing details of adverse events,
patient demographics, psychiatric and somatic drug intake,
alternative explanations, relevant risk factors, measures
taken, previous exposure to the drug—are gathered from
drug monitors (trained psychiatrists) in psychiatric hospitals
(find further detailed information online at http://www.amsp.
de) using standardized questionnaires to document cases.
After re-examination by senior physicians at each participat-
ing hospital, the cases are discussed at regional and central
case conferences—attended by the drug monitors of each
participating institute, representatives of the national drug
regulating authorities of the German Federal Institute for
Drugs and Medicine Products (Bundesinstitut fiir Arzneimit-
tel und Medizinprodukte, BfArM), the Drug Commission of
the German Medical Association (Arzneimittelkommission
der Arzteschaft, AKdA) and drug safety experts from the
pharmaceutical industry—held on a regular basis two times
per year. Following discussions and analyses, ADR prob-
ability ratings are assigned. The probability of severe ADRs
can be rated as follows: possible (the ADR is unknown or the
probability of an alternative explanation is more than 50%),
probable (the ADR, time course and dosage for a specific
drug are known in accordance with previous experience and
the likelihood of an alternative explanation is less than 50%)
and definite (like probable with an additional re-appearance
of the ADR after re-exposure to the drug in question). The
completed cases are sent to the relevant authorities, phar-
maceutical companies and are saved in the AMSP central
database.

In addition to severe ADRs, the AMSP program also
assesses drug use in all inpatients under surveillance. Thus,
relative frequencies can be calculated for single drugs and
drug groups [13, 33].

The program was approved by the leading boards of each
participating institute prior to implementation. The Ethics
Committee of the Ludwig-Maximilians-University Munich
approved evaluations based on the AMSP database [1, 12,
20].

The AMSP database provides observational cross-sec-
tional data of psychiatric inpatients treated with antipsy-
chotics for any reason for the period from 01.10.1993 to

31.12.2015. We determined the overall frequency of NMS in
the study cohort and listed the imputed drug or drugs admin-
istered or withdrawn <48 h before the onset of symptoms
[26]. Only cases rated as probable or definite were included.

Polypharmacy

Often combinations of drugs with known potential to cause
NMS are prescribed in psychiatric inpatients. In the AMSP
database, each drug of a drug combination is imputed, if
additive effects are assumed. This was taken into account
in the data analysis. In cases in which multiple drugs were
imputed, only drugs rated as having probably or definitely
caused the NMS in the AMSP consensus process were
included in the analysis. “Imputed alone” means there is a
probable or definite causal relationship between treatment
and ADR for a single drug. However, this does not exclude
that there is another drug “possibly” involved [33].

We present the absolute and relative numbers of NMS
cases including the cases with abortive course related to dif-
ferent drugs in the observation period. Different administra-
tion forms of one drug are taken together in one prescription
rate (i.e., flupentixol oral and i.m.).

For our analysis, FGAs were divided into high-potency
FGAs and low-potency FGAs. High-potency FGAs involved
in NMS cases in our study were benperidol, bromperidol,
chlorpromazine, flupentixol, fluphenazine, haloperidol and
zuclopenthixol; low-potency FGAs involved in NMS cases
were chlorprothixene, levomepromazine, melperone, pipam-
perone and prothipendyl.

To avoid bias while calculating relative risks, we
excluded drugs that were related to only one NMS case.
Drugs with less than 5000 prescriptions from 1993 to 2015
were excluded in the analyses of each imputed substance.
Rates obtained from smaller groups of exposed persons are
not reliable for a very rare event such as NMS. Neverthe-
less, these drugs were included in the analyses of substance
groups.

Assignment to diagnostic groups

In addition to the AMSP consensus process, NMS diagnoses
were classified according to NMS criteria of ICD-10, DSM-
IV /-IV TR, DSM-5 [2, 3, 39]:

We evaluated the case records provided by the AMSP
database and arranged the most relevant clinical symptoms
of the ICD- and DSM-classification systems in seven symp-
tom groups and subsumed each case according to presence
or absence of the symptom in the case history. Symptom
groups were as follows:

1. Fever, cutoff temperature with a minimum of 38 °C
(100,4 °F) only strictly defined in DSM 5
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2. Rigor

3. Tremor or other neurological symptoms, e.g., extrapy-
ramidal motor symptoms (EPMS)

4. Creatine kinase (CK) elevation >4 times the normal
value

5. Alteration of consciousness/delirium-like mental status

6. Vegetative instability (diaphoresis, hyper- or hypoten-
sive deviation from normal blood pressure, tachy-/brady-
cardia, tachypnea, metabolic acidosis, incontinence, pal-
lor)

7. Other laboratory abnormalities (leukocytosis, C-reactive
protein (CRP) elevation)

ICD-10, DSM-IV and IV-TR diagnostic criteria were
considered to be fulfilled when the case included the symp-
toms’ fever and rigor as well as two or more of the other
symptoms. In DSM-5, fever (> 38 °C) and rigor are counted
as cardinal symptoms of NMS, while additional symptoms
can occur.

To diagnose NMS within the AMSP consensus process,
the presence of three or more of the following symptoms,
fever, rigor, elevated CK and alteration of consciousness is
obligatory. To note, in the AMSP consensus process cases
fulfilling only two of the AMSP diagnostic criteria for com-
plete NMS were assessed and rated as “NMS with an abor-
tive course”.

Results

From 1st of October 1993 to 31st of December 2015,
443,966 psychiatric inpatients (195,537 male (44%) and
248,429 female (56%)) were monitored in the AMSP pro-
gram. For any reason, 320,383 were treated with antipsy-
chotics and 52 cases of NMS were reported out of which 23
cases (44.2%) were rated as NMS with abortive course. In 19
cases (36.5%), diagnostic criteria were not fulfilled accord-
ing to ICD-10, DSM-IV/DSM-IV TR; however, five of these
cases were diagnosed as NMS according to the AMSP con-
sensus process. NMS symptoms documented in our cases
are shown in Table 2, rigor was the most frequent symptom.

The incidence of NMS was 0.16%o for all cases and
0.10%o for the complete NMS cases. NMS patients were
(arithmetic mean =+ standard deviation) 51.02 + 14.26 years
old, thereof females were 36.5%.

Psychiatric diagnoses, gender and age

32 of 52 cases with NMS had a diagnosis of schizophrenia
spectrum disorder (0.21%o incidence inpatient admissions;
Table 3). This is significantly more frequent than in patients
with mood disorder (0.09%0; p <0.001) and other diagnoses
(0.15%0). In the AMSP dataset, there was no significant dif-
ference in the incidence of NMS in patients under 60 years
than in patients from 31 to 60 years or younger than 31 years
(p <0.22). Male patients showed a higher incidence (0.23%o)
than female patients (0.11%o; p <0.008).

Polypharmacy

In 29 out of 52 cases (55.8%), more than one drug was
imputed to cause NMS (Table 4), and in 26 cases (50.0%) at
least two antipsychotics were imputed. In 75.0% (n=39) of
cases, patients were prescribed more than one psychotropic
medication not considering benzodiazepines.

Drug-related incidence of NMS

High-potency FGAs were imputed in 73.1% of all cases
(n=38), low-potency FGAs and SGAs in 19.2% (n=10)
and 61.5% (n=32) of all cases. In cases with abortive
course, high-potency FGAs were imputed in 65.2% of cases
(n=15), low-potency FGAs and SGAs in 26.1% (n=6) and
69.6% (n=16) of cases (Table 4). In comparison, in the
AMSP dataset 28.6% of patients treated with antipsychotics
received high-potency FGAs, 31.0% received low-potency
FGAs and 67.1% received SGAs. The incidences of high-
potency FGAs increased over time, while the incidences of
low-potency FGAs and SGAs remained stable (see Fig. 1).

Additionally, benzodiazepines were prescribed in 57.7%
(n=730) of cases and in 32.1% (n=142,301) of the moni-
tored population on antipsychotics.

Table 2 Distribution of relevant neuroleptic malignant syndrome (NMS) symptoms in either all cases or cases with abortive course

Fever >38 °C ~ Rigor  Other neurologi- Alteration of con- Vegetative =~ CK elevation four Other labora-
cal symptoms sciousness/delir instability times of normal value tory abnor-
malities
All cases,n=52 34 46 35 33 33 49 32
AMSP abortive 10 17 18 7 13 20 10

course, n=23

Missing/not mentioned all cases: fever 3, rigor 3, other neurological symptoms 1, alteration of consciousness 3, vegetative instability 15, creatine

kinase (CK) elevation 1, other laboratory abnormalities 3

@ Springer



European Archives of Psychiatry and Clinical Neuroscience (2020) 270:23-33 27

Table 3 ICD-10 diagnosis, age and gender of monitored inpatients exposed to antipsychotics (N=2320,383) compared to adverse drug reaction
cases with neuroleptic malignant syndrome (NMS; n=52)

Monitored inpatients treated with Cases with NMS, n  Incidence in %o inpa-  p
antipsychotics, n (% of 320,383) (% of 52) tient admissions
Diagnosis (ICD-10) p=0.001
Schizophrenia spectrum disorders (F2) 149,718 (47) 32 (62) 0.215
Mood disorders (F3) 91,783 (29) 8 (15) 0.09
Organic mental disorders (FO) 39,929 (12) 8 (15) 0.15
Others (F1, F4 to F7) 38,954 (12) 4(8) 0.15
Age p=0.22
(n.s.)
Up to 30 years 59,941 (19) 5(10) 0.08
31-60 years 176,388 (55) 33 (63) 0.19
61 years and older 84,054 (26) 14 (27) 0.17
Gender p=0.008
Male 144,499 (45) 33 (63) 0.23
Female 175,884 (55) 19 (37) 0.11

Table 4 Number of neuroleptic malignant syndrome (NMS) cases and the involved drugs

Imputed drug class/drug Patients n all cases Incidence in %o inpatient AMSP abortive course 23  AMSP abortive course in %
moni- (imputed admissions, all cases of 52 cases, n (imputed of all cases (imputed alone)
tored, n alone) (imputed alone) alone)

SGAs 214,854 32 (7) 0.15 (0.04) 16 (5) 50 (62.5)
Amisulpride 13,395 6(2) 0.45 (0.15) 3(2) 50 (50)
Aripiprazole 14,250 5 0.35 2 40
Olanzapine 52,780 9(2) 0.17 (0.04) 2 222
Quetiapine 61,620 2 0.03 1 50
Risperidone oral + depot 50,926 10 (3) 0.2 (0.08) 8(3) 80 (100)

Butyrophenones 83,031 26 (9) 0.35 (0.1) 9 (1) 34.6 (12.5)
Haloperidol oral +depot 39,761 19 (9) 0.48 (0.2) 4(2) 21.1 (12.5)
Melperone 18,670 3 0.16 3 100
Pipamperone 22,938 2 0.09 1 50

Phenothiazines 68,501 3 0.04 1 33.3
Levomepromazine 13,203 2 0.15 0 0

Thioxanthenes 38,219 18 (4) 0.47 (0.1) 9(2) 50 (50)
Chlorprothixene 13,747 2 0.15 0 0
Flupentixol oral + depot 14,770 9(3) 0.61 (0.2) 6(2) 66.7 (66.7)
Zuclopenthixol 10,206 6 (1) 0.59 (0.10) 3 50

oral +depot

High-potency FGAs 91,774 39 (14) 0.42 (0.15) 15 4) 39.5 (28.6)

Low-potency FGAs 99,375 10 0.10 6 60

Lithium 31,106 4 0.13 1 25

Drugs with less than 5000 prescriptions were not included in the table. Of these, benperidol was imputed in three cases, fluphenazine, brom-
peridol, sertindole and prothipendyl in one case each. The group of high-potency first-generation antipsychotics (FGA) imputed to cause a NMS
includes the following drugs: benperidol, bromperidol, chlorpromazine, flupentixol, fluphenazine, haloperidol and zuclopenthixol. The group
of low-potency FGA imputed to cause a NMS includes the following drugs: chlorprothixene, levomepromazine, melperone, pipamperone and
prothipendyl. Second-generation antipsychotics (SGAs) include the following drugs: amisulprid, aripiprazole, olanzapine, quetiapine and risperi-
done

Regarding all cases, the highest incidences of NMS  bromperidol and fluphenazine were excluded due to low
related to high-potency FGAs were: flupentixol 0.61%0,  prescription rates. The highest incidences of NMS related
zuclopentixol 0.54%o and haloperidol 0.48%o. Benperidol,
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Fig. 1 Incidences of reported NMS cases (n=52) for high-potency
FGAs, low-potency FGAs and SGAs over time in time intervals (1:
1993-2000, 2: 2001-2005, 3: 2006-2010, 4: 2011-2015)

to low-potency FGAs were: melperone 0.16%o, chlorprothix-
ene 0.15%o and pipamperone 0.09%o.

Considering SGAs, amisulpride (6 cases, 0.45%0) ranked
first; however, it is to note that in 5 out of 6 cases, in which
amisulpride was imputed, hyperpyrexia> 38 °C was not
present. Thus, diagnostic criteria of ICD-10, DSM IV/IV
TR and DSM 5 were not fulfilled. Aripiprazole (0.35%o)
and risperidone (0.2%o) followed. Quetiapine had the lowest
incidence (0.03%0). However, confidence intervals are wide
and overlap (Fig. 2).

Regarding the cases with abortive course, the highest
incidences were: flupentixol 0.41%¢ (high-potency FGAs),

Fig.2 Incidence (95% CI) of

reported NMS cases (n=52) per T
drug class/single imputed drugs. E
Drugs with less than 5000 ﬁ 1.2
prescriptions were not included ]
in the figure. The group of high- fe_’
potency FGA imputed to cause 5 1.0
a NMS includes the following ;:
drugs: benperidol, bromperidol, EY
chlorpromazine, clupentixol, £ 08
fluphenazine, haloperidol and f,
zuclopenthixol. The group of ‘5
low-potency FGA imputed to E 0.6
cause a NMS includes the fol- 3
lowing drugs: chlorprothixene, § 0.4
levomepromazine, melperone, ]
pipamperone and prothipendyl "?: \
Z 0.2 I P
0
E
0.0

Amisulpride
Aripiprazole
Olanzapine

SGA
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Quetiapine

melperone 0.16%o0 (low-potency FGAs) and risperidone
0.16%0 (SGAS).

Lithium was co-imputed whenever it was present at the
onset of NMS due to the data on increased neurotoxicity
of the combination of antipsychotics and lithium. Thus, we
found an incidence for lithium of 0.13%e. In three of the
four lithium-related cases, there was a combination ther-
apy of lithium and an SGA (i.e., amisulpride, aripiprazole
(+ valproate), olanzapine). In the remaining case, lithium
was combined with haloperidol, levomepromazine and ris-
peridone. Three of these cases showed chronological coin-
cidence of lithium dose escalation and the clinical onset of
NMS, although NMS did not occur at the onset of lithium
therapy.

In one case, citalopram was rated as a probable influ-
ence in a case of NMS in addition to amisulpride due to the
given facts. Two other selective serotonin reuptake inhibitors
(SSRIs), paroxetine and fluoxetine, were imputed as possible
factors in one case each. In the paroxetine and fluoxetine
cases, a pharmacokinetic interaction (CYP2D6 inhibition
[13]) with potentially further increased haloperidol serum
concentration was discussed but not controlled for.

Cases imputed to a single drug

In 23 cases, one drug was imputed alone (44.2%; shown
in brackets in Table 4). Overall, high-potency FGAs had a
higher proportion (60.9%, n=14) than SGAs (39.1%, n=9).
No low-potency FGAs were imputed alone. Haloperidol
ranked first with 34.8%, followed by risperidone with 17.4%.

Risperidone
Butyrophenones
Haloperidol
Melperone
Pipamperone
Phenothiazines
Levomepromazine
Thioxanthenes
Chlorprothixene
Flupentixol
Zuclopenthixol
HP-FGA

LP-FGA

Lithium
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The SGAs amisulpride and olanzapine each were imputed
alone in two cases (8.7%) for complete NMS. In the cases
with abortive course, high-potency FGAs were imputed
alone in 4 cases (17.4%), and SGAs in 5 cases (21.7%). Ris-
peridone (17.4%; n=4) and flupentixol (8.7%; n=2) were
imputed alone most often in cases with abortive course.

Risk factors

The following possible risk factors were mentioned in the
documentation: preexisting organic CNS pathology (n=7,
13.5%), infection/exsiccosis (n=15), and alcohol withdrawal
syndrome (=2). We found in 16 cases (33.8%) a FGA and
in 11 cases (21.2%) a SGA was newly prescribed or tapered
up. A combination of FGA and SGA was newly prescribed
or tapered up in 11 cases (21.2%). A change from one type
of antipsychotic to another was found in 12 cases: from FGA
to FGA (1 case), from FGA to SGA (5 cases), from SGA to
FGA (2 cases), from SGA to SGA (2 cases). In two cases,
the change of medication was more complex. Furthermore,
in one case, the medication (one FGA and one SGA) was
tapered down. There was no change of the dosage in one
case. Overall, daily antipsychotics dosages of drugs that
were imputed alone were in the middle range of the respec-
tive recommended daily dosages. Interestingly, the dosages
of risperidone were relatively low (median: 1.5 mg). We did
not calculate combination dosages. In three cases (5.8%),
withdrawal of a strongly anticholinergic drug (clozapine
twice, levomepromazine once) shortly prior to onset of NMS
was assessed as a risk factor.

Treatment of NMS and outcome

The imputed antipsychotics were discontinued in all cases.
Drug treatment for NMS (in 62% of all cases) most often
included anti-parkinsonian drugs (n=15 cases, 28.8%),
benzodiazepines (n=12 cases, 23.1%) and antibiotics due
to complications (n= 10 cases, 19.2%). In one case, electro-
convulsive therapy was necessary. 44.2% of all cases were
admitted to an intensive care unit (n=23). One case that
occurred in the mid 1990s was fatal (1.9%): in this case,
multiple high-potency FGAs had been used (fluphenazine
depot 7 days before onset of NMS, flupentixol orally until
2 days before, benperidol i.v. 1 day before and on the day
of NMS onset).

Missing data

All 52 cases were tabulated with 7 diagnostic criteria, thus
yielding 364 items. However, for 27 items (7.41%) data was
not specified. Vegetative instability was ranking first in 15
of 52 cases (28.9%, equal to 55.6% of all missing items;
Table 3).

Discussion
Incidence

We analyzed 52 NMS cases documented in the AMSP
database in the time range from 1993 to 2015. Incidences
differ between 0.2 and 14%o in the literature depending on
the year of publication and diagnostic criteria used [16-18,
25, 29, 32, 36]. Thus, the overall incidence of 0.16%0 we
found in our data is among the lowest. A recent study of
comparable size [25] found an incidence of 0.4%o¢ using
retrospective data of a 11-year observation period, and
a preceding AMSP analysis reported 0.17%o [33]. Older
studies found larger incidences near 10%o0 [16—-18, 36].
This issue currently is seen as a result of decreasing pre-
scription rates of high-potency FGAs [4, 36]. Correspond-
ingly, in the present dataset we found lower NMS inci-
dences for SGAs and low-potency FGAs [4, 8, 24, 25, 33,
35] than for high-potency FGAs in accordance with the
literature. In this respect, incidences were not influenced
by the diagnostic criteria used.

There is a growing tendency of prescribing SGAs rather
than high-potency FGAs. However, the overall number of
NMS cases are thought not to decrease due to the growing
number of indications for SGAs (e.g., as mood stabilizer,
augmentation strategies in depressive disorders) [9, 27],
thus leading to increasing absolute prescription rates for
these drugs. Interestingly, incidence rates of high-potency
FGAs increased over time even though prescription rates
are decreasing. This might be due to higher awareness and
earlier recognition of beginning or less severe NMS.

In contrast to SGAs, no low-potency FGA was imputed
alone.

Evaluation of diagnostic criteria for NMS

There is clinical need for the individual physician to
decide, which NMS diagnostic criteria are useful for daily
clinical practice. 19 out of 52 cases rated in the AMSP
consensus process as complete or abortive NMS did not
fulfill the ICD-10 and DSM-IV group diagnostic criteria.
Similar to the procedure of AMSP, and due to the severity
of untreated NMS, diagnostic criteria have been softened
in the DSM-5 manual.

Moreover, with the shift from high-potency FGAs
to SGAs, the early clinical picture of NMS might have
changed, creating a clinical symptomatology which could
be called ‘atypical NMS’ under SGAs [27]. This ‘atypi-
cal NMS’ is presenting clinically ‘softer’ and, thus is not
fulfilling current diagnostic criteria of ICD-10 and DSM-
IV/ -IV TR. The same showed true for the AMSP criteria
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since a total of 23 cases were diagnosed as abortive course.
Therefore, the new DSM-5 criteria seem much more suit-
able to diagnose ‘atypical’ NMS and NMS in an early
stage [4, 27, 37].

About half of the cases were NMS with abortive course.
This also shows that the clinical picture of NMS can be less
pronounced than the classical full symptomatology. On the
other hand, it shows the increased attention of clinicians in
regard to developing symptoms of NMS, which is crucial for
a faster and more effective treatment.

With the information and the literature given above,
we suggest the symptomatology of NMS to be regarded
as a continuum from clinically less to more severe signs
and symptoms analogous to Woodbury et al. for treatment
of motoric symptoms, eventually resulting in the need for
precise and individual diagnosis and therapy [38]. DSM-5,
giving only two main criteria and not necessarily requiring
two additional symptoms, is in better accordance with NMS
having a continuous clinical picture.

Additional risk factors
Psychiatric disorders, gender and age

Bipolar disorder is a risk factor for developing NMS. At
present, it is increasingly treated with SGAs, supporting our
point of view concerning the influence of SGAs on the inci-
dence of NMS by widening of indications [9, 34].

We found that about 60% of the NMS cases presented in
our study are showing a higher risk for developing NMS in
patients diagnosed with schizophrenia and in male patients,
which fairly matches with data in the literature [4, 24].
Although the age, being under 40 years old, is a known risk
factor [11] in the AMSP dataset there was no significant
difference between the age groups.

Polypharmacy

Polypharmacy is a known risk factor for NMS due to greater
pharmacodynamic and pharmacokinetic interaction risks in
comparison to monotherapy [24]. This is confirmed in our
analysis, 55.6% of all cases were caused by drug combina-
tions, most of which included antipsychotics.

Lithium

Previous studies concerning the influence of lithium in the
occurrence of NMS are conflicting [10, 24, 33, 34]. We
report a coincidence of lithium dose escalation and occur-
rence of NMS in three out of four cases, thus indicating
clinical relevance.

Lithium has been imputed as probably being responsible
in the AMSP consensus process, because it is known to be
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possibly neurotoxic. Additionally, it influences the metabo-
lism of serotonine in an agonistic manner and dopamine in
an antagonistic manner [10, 33, 34]. To note, hypothyroid-
ism is described as a risk factor for NMS [23] and occurs in
some lithium-treated patients [5].

Benzodiazepines

Benzodiazepines are mentioned as a risk factor for NMS,
but are possibly not a cause of NMS rather than being con-
founding by diagnosis [25]. In many cases, the onset of an
antipsychotic therapy in psychiatric inpatients for treatment
of psychomotor agitation is accompanied by the prescription
of benzodiazepines. However, psychomotor agitation also is
a risk factor for NMS, requiring the prescription of benzo-
diazepines and higher doses of antipsychotics [9, 24, 33].

Preexisting organic pathology of the central nervous
system

In accordance with a preceding AMSP analysis on involun-
tary movement disorders [33], we found a high proportion of
preexisting organic pathology of the central nervous system.
However, we do not have corresponding data for the exposed
patients on antipsychotics.

Withdrawal of anticholinergic medication

The withdrawal of anticholinergic medication as a risk factor
for NMS has been described elsewhere [31].

SGAs

Amisulpride showed markedly less cases fulfilling ICD-10
and DSM-IV criteria compared with all registered cases (1
out of 6 cases). This ‘softer’ clinical presentation has been
discussed in the literature as a less frequent appearance of
high fever, other EPMS and autonomic symptoms in cases
diagnosed as NMS caused by amisulpride [4, 21]. Also, high
levels of CK increase, rigor and mental status alterations
have been described [4]. We can confirm previous findings
as in our results the main reason for not fulfilling diagnostic
criteria was also missing temperature elevation > 38 °C in
5 of 6 cases. Two of the cases were counted as fulfilling all
diagnostic criteria in the AMSP consensus process and three
cases were counted as NMS with abortive course [4, 22, 28].

NMS cases during treatment with aripiprazole are
described as clinically presenting at least in part ‘atypical’.
There is a lower incidence of high fever and diaphoresis and
a less severe and shorter lasting clinical duration [4, 37]. We
found no case due to aripiprazole alone. For olanzapine, no
‘atypical’ clinical presentation is described [4]. In our data,
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two complete AMSP NMS cases were documented as due
to olanzapine alone.

Among SGAs, risperidone was most frequently imputed
alone. This supports the view that risperidone has a some-
what ‘typical’ pharmacodynamic profile [6]. Quetiapine on
the other hand caused remarkably less cases considering the
high prescription rates (Table 4).

Limitations

Limitations to consider concerning AMSP methodology,
such as underreporting, were already discussed in preced-
ing publications [11, 13, 30, 33].

NMS as a severe condition is probably assessed more
comprehensively than other types of ADRs; however, it may
have been misdiagnosed due to the lack of one of the cardi-
nal symptoms. Drug usage and dose regimens change con-
tinually and therefore the ADR patterns also vary with time
[33]. Although we only included drugs that were imputed
probably and definitly having caused more than one case
of NMS, there might be over- or underestimation of drug
effects, particularly for drugs with low prescription rates.

It is important to take into account that more than one
antipsychotic can be imputed for causing for NMS. This
might have led to overestimation of overall incidences for
some drugs with mainly additive effects. Low-potency FGAs
were co-imputed for a significant proportion, whereas their
pharmacodynamic profiles render them mostly improbable
to cause NMS when given as a monotherapy. Our results
with no low-potency FGA being imputed alone are further
supporting this interpretation.

Additionally, missing data has to be mentioned as pos-
sibly influencing our results; we appreciate these as having
a small impact.

Conclusions

Our data show that NMS remains a rare adverse drug effect
that clinicians should be aware of. Considering the risk of
a medication for severe adverse drug reactions may help
to identify a case of NMS timely. In our study, the risk for
high-potency FGAs was higher than for SGAs. However, the
prescription rates for SGAs are rising.

Established diagnostic systems may lead to biased diag-
noses and, therefore, should be applied with caution. In the
AMSP consensus process atypical forms of NMS are also
considered. Thus, as well as the AMSP consensus process,
as in following DSM 5 criteria, more cases can be detected
than by strictly applying criteria of the ICD-10 and DSM-
IV/ -1V TR diagnostic systems.

Combining our results leads to the conclusion, that it
is important, besides typical cases of NMS, to reasonably
consider the clinical picture of ‘atypical’ NMS as well as
developing NMS to avoid possibly severe sequelae.
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