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To the Editor:

We were very pleased to read the excellent umbrella review
(UR) by van der Burg et al. [1] who highlighted genetic
factors associated with drug-related movement disorders
(DRMD) such as tardive dyskinesia (TD), parkinsonism,
akathisia, and acute or tardive dystonia. The authors
reviewed and discussed 15 meta-analyses reporting on
genetic variations in ten genes, including DRD3, DRD?2,
CYP2D6, HTR2A, COMT, HSPG2, and SOD2. The authors
concluded that these gene variants may be particularly
relevant for DRMD. The authors have to be commended for
their timely and superb work. Nevertheless, we do believe
their UR is incomplete in that it did not consider the
antipsychotic-induced catatonic symptoms (ACS) and neu-
roleptic malignant syndrome (NMS) [2]. In daily clinical
routine, any sensorimotor deterioration in psychiatric
patients on antipsychotics is readily attributed to NMS or
TD, neglecting the patients’ history. Also, many clinicians
may not be fully aware of the risk of developing ACS or
NMS. Although ACS and NMS are epidemiologically rare
events, they are clinically highly relevant DRMD since they
are frequently associated with potentially life-threatening
complications. Therefore, clinicians should consider genuine
catatonia or DRMD (e.g., ASC, NMS, and TD) whenever
novel sensorimotor signs occur or present sensorimotor
symptoms are deteriorated. Identifying susceptibility genes
for ACS and NMS could foster prevention of these condi-
tions as much as it could contribute to personalized
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treatment decisions, particularly with respect to the choice of
a specific antipsychotic drug.

It is essential to be aware that the vast majority of studies
have focused on genuine catatonic symptoms [3] and ACS
are often neglected or unknown in daily clinical practice.
Stubner et al. [4] reported five cases of ACS in a group of
86,439 patients with antipsychotic treatment, but the exact
incidence of ACS is still unknown. Previous case reports
have described the occurrence of ACS within hours after the
first administration of both first-generation antipsychotics
(FGA) and second-generation antipsychotics (SGA) [2].
Patients with affective (e.g., extreme anxiety and affect
incontinence) and behavioral catatonic symptoms (e.g.,
impulsiveness and aggressiveness) may develop ACS if
incorrectly diagnosed with mania and treated with intrave-
nous or intramuscular FGA. Furthermore, treatment with
FGA can lead to further deterioration of akinesia, rigor,
mutism, and rigid affect [5]. Given some overlapping signs
and symptoms, it is often difficult to reliably disentangle
genuine catatonia from ACS in clinical practice. While
akinesia, stupor, and mutism (akinetic mutism) are common
in ACS [6, 7], more complex motor or behavioral catatonic
symptoms such as catalepsy, waxy flexibility, echolalia,
echopraxia, verbigeration, or “mitgehen” have not been
reported in the context of antipsychotic use (perhaps
because such phenomena may have been overlooked) and
might be rather seen in genuine catatonia [5].

Treatment of ACS (stopping or switching antipsychotic
treatment) must be prompt to avoid further deterioration in
the sense of malignant catatonia or NMS [8]. With regard to
the arguments above, it is conceivable that the occurrence of
undesirable DRMD may lead to a worsening of the primary
disease and thus to an increase in ACS.

Despite the outstanding clinical relevance, evidence
regarding susceptibility genes for ACS is very scarce. A
simple search in PubMed on March 11th, 2021 using the
terms “catatonia” and “genes” OR “genetic” identified a total
of 211 results. For instance, two earlier studies by Stober et al.
[9, 10] reported susceptibility loci for “periodic catatonia” on
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chromosome 15q15 and 22q. Later on, Hagemeyer et al. [11]
found that a myelin-associated gene CNP (2/,3’-cyclic
nucleotide 3’-phosphodiesterase) co-determines the occur-
rence of a catatonia-depression syndrome upon aging. Inter-
estingly, susceptibility regions on chromosome 15q15-q21
are shared between autism and catatonia [12]. In line with
this, Peter-Ross [13] postulated aberrant SNORD115-1 (also
called HBII-52) genes (either duplications or deletions)
located on chromosome 15q11-13 (AUTS4) in the patho-
physiology of catatonic symptoms in various neuropsychiatric
disorders (e.g., Prader—Willy syndrome, Angelman syndrome,
autism, NMDAR antibody encephalitis, or NMS).

NMS (e.g., hyperthermia, extrapyramidal signs, rhabdo-
myolysis, altered consciousness, and autonomic dysfunction)
is a rare and life-threatening manifestation of DRMD that
requires an efficient and timely therapy [14]. The scientific
evidence is controversial, as information on symptoms, pre-
valence, course of disease and prognosis of NMS is mainly
based on individual case reports and only a few reviews.
In antipsychotic users, the incidence of NMS is ~0.06-1.4%
[15]. Recent studies have shown that NMS is less pronounced
among SGA compared to FGA (lethality is higher: 3% for
FGA vs. 16.3% for SGA) [16, 17]. A simple search in
PubMed on March 11th, 2021 using the terms “neuroleptic
malignant syndrome” and “genes” OR “genetic” identified a
total of 100 results. An earlier study by Suzuki et al. [18§]
postulated an association between NMS and Tagl A poly-
morphism of the dopamine D, receptor (DRD2). Later on,
Kishida et al. [19] found that the —141C Ins/Del (but not Tagl
A [20] or Ser311Cys) polymorphism of the DRD2 is asso-
ciated with NMS. Finally, there is preliminary evidence based
on case studies for an association between CYP2D6 DRD2
polymorphism (with reduced function) and NMS.

In daily clinical practice, catatonic syndromes and ACS
are primarily treated with benzodiazepines and electro-
convulsive therapy (ECT) [5]. According to a recent sys-
tematic review [14], NMS should also be treated first line
with dantrolene/bromocriptine or ECT. Since ACS and
NMS respond excellently to ECT, a common genetic
component is suggestive. In summary, both ACS and NMS
belong to the group of DRMD because they are not only
clinically related, but also show some overlapping gene
polymorphisms (e.g., DRD2 and CYP2D6; similar to van
der Burg et al. [1]). From a pathophysiological point of
view, there are three potential pathomechanisms that may
lead to rigor, stupor, and related sensorimotor/autonomic
signs, which are characteristic symptoms of both ACS and
NMS: (1) genuine catatonia can change into potentially
life-threatening pernicious or malignant catatonia, (2)
antipsychotic induced sensorimotor abnormalities such as
parkinsonism may develop within days and weeks after
titrating antipsychotic medication. These patients may also
exhibit characteristic sensorimotor abnormalities such as

akinesia, rigor, tremor, and related sensorimotor/autonomic
signs [21], and (3) genuine catatonia may also progress to
potentially life-threatening NMS when novel antipsychotic
is commenced. From a clinical point of view the differ-
ential diagnosis of NMS vs. pernicious or malignant cata-
tonia is often a challenge due to similar symptoms. For
these particular reasons, psychiatric history taking, clinical
blood tests, and gathering of information on the response to
antipsychotics are crucial. Still, the distinction between
these three phenomenologically very similar syndromes
may be very complex. Therefore, clinical rating scales and
standardized instrumental assessments should be used to
measure sensorimotor dysfunction in psychiatric patients
[22, 23]. When possible, as many different constructs
(dyskinesia, parkinsonism, catatonia, akathisia, and NMS,
etc.) as possible should be studied using different units of
analysis within transdiagnostic study samples [22, 23].

The conclusion that can be drawn from the data is that
both ACS and NMS have been clearly underappreciated by
genetic research. Both ACS and NMS are clinically rather
rare conditions, so that finding candidate genes that are
associated with these disorders will require large groups of
patients. Given the clinical relevance of these syndromes,
we strongly endorse population-based cohort studies
that could decisively contribute to the specification of risk
(or protective) factors (including relevant gene variants) and
predictors for the occurrence of ACS and NMS [22]. In line
with this, we would appreciate hearing the authors’ opinion
on the relationship between candidate genes and ACS
and NMS.

Funding This work was supported by the German Research Foundation
(DFG, grant number DFG HI 1928/2-1 to D.H., WO 1883/2-1 and WO
1883/6-1 to R.C.W.) The DFG had no further role in the writing of the
report and in the decision to submit the paper for publication. Open
Access funding enabled and organized by Projekt DEAL.

Compliance with ethical standards
Conflict of interest The author declares no competing interests.

Publisher’'s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

SPRINGER NATURE


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

6114

D. Hirjak et al.

References

10.

11.

12.

. Hirjak D, Sartorius

. van der Burg NC, Al Hadithy AFY, van Harten PN, van Os J,

Bakker PR. The genetics of drug-related movement disorders, an
umbrella review of meta-analyses. Mol Psychiatry. 2020;25:2237-50.

. Caroff SN, Hurford I, Lybrand J, Campbell EC. Movement dis-

orders induced by antipsychotic drugs: implications of the CATIE
schizophrenia trial. Neurol Clin. 2011;29:127-48, viii.

. Hirjak D, Kubera KM, Wolf RC, Northoff G. Going back to

Kahlbaum’s psychomotor (and GABAergic) origins: is catatonia
more than just a motor and dopaminergic syndrome? Schizophr
Bull. 2020;46:272-85.

. Stubner S, Rustenbeck E, Grohmann R, Wagner G, Engel R,

Neundorfer G, et al. Severe and uncommon involuntary movement
disorders due to psychotropic drugs. Pharmacopsychiatry. 2004;37
Suppl 1:554-64.

A, Kubera KM, Wolf RC. Anti-
psychotikaassoziierte motorische Symptome bei schizophrenen
Psychosen — Teil 2: Katatone Symptome und malignes neuro-
leptisches Syndrom [Antipsychotic-induced motor symptoms in
schizophrenic psychoses-Part 2: Catatonic symptoms and neu-
roleptic malignant syndrome]. Nervenarzt. 2019;90:12-24.

. Lopez-Canino A, Francis A. Drug-induced catatonia. In: Caroff

SN, Mann SC, Francis A, Fricchione GL, editors. Catatonia: from
psychopathology to neurobiology. Washington, D.C.: American
Psychiatric Press, Inc.; 2004. pp. 129-39.

. Gelenberg AJ, Mandel MR. Catatonic reactions to high-potency

neuroleptic drugs. Arch Gen Psychiatry. 1977;34:947-50.

. Caroff SN, Mann SC. Neuroleptic malignant syndrome and

malignant hyperthermia. Anaesth Intensive Care. 1993;21:477-8.

. Stober G, Saar K, Ruschendorf F, Meyer J, Nurnberg G, Jatzke S,

et al. Splitting schizophrenia: periodic catatonia-susceptibility
locus on chromosome 15q15. Am J Hum Genet. 2000;67:1201-7.
Stober G, Seelow D, Ruschendorf F, Ekici A, Beckmann H, Reis
A. Periodic catatonia: confirmation of linkage to chromosome 15
and further evidence for genetic heterogeneity. Hum Genet.
2002;111:323-30.

Hagemeyer N, Goebbels S, Papiol S, Kastner A, Hofer S, Bege-
mann M, et al. A myelin gene causative of a catatonia-depression
syndrome upon aging. EMBO Mol Med. 2012;4:528-39.
Chagnon YC. Shared susceptibility region on chromosome 15
between autism and catatonia. Int Rev Neurobiol. 2006;72:165-78.

SPRINGER NATURE

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

Peter-Ross EM. Molecular hypotheses to explain the shared
pathways and underlying pathobiological causes in catatonia and
in catatonic presentations in neuropsychiatric disorders. Med
Hypotheses. 2018;113:54—64.

Kuhlwilm L, Schonfeldt-Lecuona C, Gahr M, Connemann BJ,
Keller F, Sartorius A. The neuroleptic malignant syndrome-a
systematic case series analysis focusing on therapy regimes and
outcome. Acta Psychiatr Scand. 2020;142:233-41.

Lao KSJ, Zhao J, Blais JE, Lam L, Wong ICK, Besag FMC, et al.
Antipsychotics and risk of neuroleptic malignant syndrome: a
population-based cohort and case-crossover study. CNS Drugs.
2020;34:1165-75.

Nagel M, Freisberg S, Junghanns K, Moll CK, Willenborg B.
The neuroleptic malignant syndrome. Fortschr Neurol Psychiatr.
2015;83:373-80.

Strawn JR, Keck PE Jr., Caroff SN. Neuroleptic malignant
syndrome. Am J Psychiatry. 2007;164:870-6.

. Suzuki A, Kondo T, Otani K, Mihara K, Yasui-Furukori N, Sano

A, et al. Association of the Tagl A polymorphism of the dopamine
D(2) receptor gene with predisposition to neuroleptic malignant
syndrome. Am J Psychiatry. 2001;158:1714-6.

Kishida I, Kawanishi C, Furuno T, Kato D, Ishigami T, Kosaka K.
Association in Japanese patients between neuroleptic malignant
syndrome and functional polymorphisms of the dopamine D(2)
receptor gene. Mol Psychiatry. 2004;9:293-8.

Kishida I, Kawanishi C, Furuno T, Matsumura T, Hasegawa H,
Sugiyama N, et al. Lack of association in Japanese patients
between neuroleptic malignant syndrome and the Taql A poly-
morphism of the dopamine D2 receptor gene. Psychiatr Genet.
2003;13:55-7.

Wolf RC, Rashidi M, Fritze S, Kubera KM, Northoff G,
Sambataro F, et al. A neural signature of parkinsonism in patients
with schizophrenia spectrum disorders: a multimodal MRI study
using parallel ICA. Schizophr Bull. 2020;46:999-1008.

Hirjak D, Meyer-Lindenberg A, Sambataro F, Wolf RC. Sensor-
imotor Neuroscience in Mental Disorders: Progress, Perspectives
and Challenges. Schizophr Bull. 2021;sbab053. https://doi.org/10.
1093/schbul/sbab053. [Epub ahead of print].

Walther S, van Harten PN, Waddington JL, Cuesta MJ, Peralta V,
Dupin L, et al. Movement disorder and sensorimotor abnormalities in
schizophrenia and other psychoses - European consensus on assess-
ment and perspectives. Eur Neuropsychopharmacol. 2020;38:25-39.


https://doi.org/10.1093/schbul/sbab053
https://doi.org/10.1093/schbul/sbab053

	Antipsychotic-induced catatonia and neuroleptic malignant syndrome: the dark side of the moon
	To the Editor:
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




