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Abstract

Catatonia is a psychomotor syndrome associated with several psychiatric and medical conditions.
Psychomotor signs range from stupor to agitation and include pathognomonic features such as
verbigeration and waxy flexibility. Disturbances of volition led to the classification as a subtype of
schizophrenia, but recent changes in nosology now recognize high prevalence in mood disorders,
overlap with delirium, and comorbidity with medical conditions. Initial psychometric studies have
revealed three behavioral factors, but the structure of catatonia is still unknown.

Recent evidence from patients with psychotic disorders indicates increased neural activity in
premotor areas in hypokinetic catatonia patients. It is unclear whether this localized hyperactivity
is due to cortico-cortical inhibition or excess activity of inhibitory cortico-basal ganglia loops.
Current treatment of catatonia relies on benzodiazepines and electroconvulsive therapy, both
effective yet unspecific in their modes of action.

Longitudinal and treatment studies, using neuroimaging and brain stimulation techniques, are
needed to advance our understanding of catatonia.
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Introduction

“... the scrivener was the victim of innate and incurable disorder. | might give alms
to his body; but his body did not pain him; it was his soul that suffered, and his soul
| could not reach.”
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Herman Melville, Bartleby, the Srivener. A story of
Wall-street. 1853

Herman Melville’s Bartleby is a story about a New York City law clerk, who retreats from
the world around him, becomes mute and stuporous, wastes away and dies?. The tale is the
skillful description of a hitherto unknown psychiatric condition. Two decades later, Karl
Kahlbaum publishes the monograph Die Katatonie oder das Spannungsirreseir?, in which he
describes peculiar abnormalities of apparently volitional motor acts. Catatonia is now known
as a psychomotor syndrome, with symptoms ranging from inhibition to agitation, with
prominent disturbances of volition and, in severe cases, autonomic nervous system
dysregulation3-5.

Kahlbaum and others have speculated about the pathology of catatonia, but the disease
mechanisms remain elusive’~10. Mortality of catatonia was very high before the introduction
of medication and electroconvulsive therapyl1:12. Today it still remains high in malignant
forms of catatonial3-16. There is an abundance of case reports and conceptual reviews of
catatonia, but well-powered research studies are rarel’. This paucity of catatonia research is
one reason that current treatment approaches remain non-specific and without evidence-
based criteria.

In order to improve treatment and prediction of course and outcome, it is critical to unravel
the disease mechanisms of catatonia. Specifically, neuroimaging studies of catatonia may
inform the development of novel brain stimulation techniques!®19. This review will
summarize the current state of knowledge on catatonia focusing on clinical and
neuroimaging findings. In the same issue, Rogers and colleagues will report on
neuroinflammation associated with catatonia.

Catatonia is a psychomotor syndrome

Catatonia, a well-known syndrome in the early part of the 20t century, almost disappeared
from psychiatric discourse, leading some to ask: “Where have all the catatonics gone?”’20
Exact prevalence and incidence estimates of catatonia depend on the proper detection and
description of the signs and symptoms of catatonia?. But clinicians are often confused by
catatonia, reframing the signs and symptoms as something else or missing them altogether.

Much of the confusion stems from the poorly defined term psychomotor??=24. It refers to the
volitional aspects and affective modulation of spontaneous or cued motor behavior. On the
one hand, it includes the will to act, the planning and the execution of a motor act. But it also
includes the modulation of motor behavior by sensorium and affect, leading to the
remarkable complexity regarding the voluntariness of motor acts. Just consider the many
ways to speak a sentence, sing a song or play an instrument.

Carl Wernicke suggested that psychomotor behavior is abnormal if there is too little
(hypofunction/akinesis) or too much (hyperfunction/hyperkinesis) motor activity or if the act
itself is qualitatively abnormal (parakinesis)2°. This framework is still helpful today. Panel
1a separates the signs of catatonia into increased, abnormal and decreased psychomotor
behavior, as categorized by observation, interview and physical exam. Many signs of
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catatonia are triggered as a response to the examiner. Even observed signs may change in
response to the examiner’s physical presence, for example, the patient’s mutism or
hypokinesis may be pronounced in the presence of the examiner, but decreases when the
examiner leaves. The mercurial nature of catatonia may mislead the examiner to interpret the
signs simply as volitional or behavioral, when they are better characterized as read-outs of
dysfunctional motor circuits, similar to functional movement disorders in neurological
patients26.

The patients in Kahlbaum’s monograph can be captured well with this checklist
(Supplemental Table 1). One classical feature of catatonia, autonomic abnormality (i.e.,
tachycardia, hypertension, fever), which does not occur in every patient, is not a
psychomotor sign and should be listed separately.

Psychomotor abnormalities are found in various clinical settings. Three psychiatric disorders
include psychomotor abnormalities as DSM-5 diagnostic criteria or specifiers: mood
disorders, schizophrenia spectrum disorders and delirium. Additionally, the DSM-5
diagnostic criteria for autism spectrum disorders describes psychomotor signs of catatonia as
core diagnostic criterion. Not surprisingly, catatonia can be a prominent feature in patients
diagnosed with these psychiatric disorders.

Psychomotor retardation has long been recognized as a cardinal feature of depression,
especially melancholia?’-28, Signs include, but are not limited to, slowed reaction time,
discrete body movements (especially of the face) and abnormalities of speech (such as speed
and modulation). Psychomotor retardation/agitation is recognized in DSM-5 as one of the
nine diagnostic criteria for major depressive disorder. Whether psychomotor retardation/
agitation in depression resembles a minor form of catatonia remains to be determined.

Schizophrenia has been associated with catatonia since Kraepelin?9 defined dementia
praecox as a natural disease unit of three previously separate clinical syndromes: dementia
paranoides, hebephrenia and catatonia30. Critics have observed that most patients who
present with catatonic features do not have a diagnosis of schizophrenia3!. But the DSM
continued Kraepelin’s tradition of linking catatonia with schizophrenia until 2013, when
DSM-5 removed all schizophrenia subtypes, allowed for the recognition of catatonic
symptoms in many psychiatric and medical conditions via a specifier and introduced
«Unspecified Catatonia», for cases with insufficient information or where the underlying
condition is unclear.

Delirium is defined by disturbances of attention, awareness and cognition, frequently with
perceptual disturbances and delusional thought content that develops over a short period of
time and tends to fluctuate in course. For some, delirium can result in a dementia-like illness
at long-term follow-up32:33. Delirious patients can be further characterized as hyperactive,
hypoactive or mixed forms, based on abnormalities of psychomotor behavior34. Catatonia is
now recognized to frequently co-occur with delirium in the context of general medical and
critical illnesses3-38, however the clinical relevance of this co-occurrence remains
unknown.
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It is not clear to what extent the clinical presentation and course of psychomotor
abnormalities differ between schizophrenia, affective disorders, delirium, and other
conditions. Studying this issue will foster diagnosis and treatment of catatonia.

Structure of catatonia

Several rating scales are available to measure catatonia3®. Panel 1b summarizes the
definition of items of the Bush Francis Catatonia Rating Scale (BFCRS)*? and the DSM-5
criteria. Is there an underlying structure to the clinical features of catatonia? Few
psychometric studies of catatonia have been published and most of them have focused on
psychiatric cohorts, primarily patients with psychotic disorders#1-46.

In a mixed medical and psychiatric population, Wilson et al. studied 339 acutely ill patients
who were evaluated for catatonia using the Bush Francis Catatonia Rating Scale at a single
academic medical center?l. Of the 339 patients screened for catatonia, 232 met their
definition of validated catatonia (=2 catatonia items present on exam and a positive response
to treatment with a benzodiazepine or electroconvulsive therapy). Of the “validated
catatonia” cases, 211 (91%) met DSM-IV catatonia criteria, however only 170 (73%) met
DSM-5 criteria. Principal component analysis identified three catatonia components:
“Increased”, “Decreased” and “Abnormal” psychomotor behaviors. Item response theory
analysis showed that excitement, immobility/stupor and waxy flexibility were the best
indicators of each component. Only 37% of the variance of the condition was explained,
leading the authors to conclude that the underlying structure of catatonia remains unknown.

The scarce psychometric evidence for a model of catatonia has not kept authors from
speculating how best to conceptualize this condition. Here we contrast catatonia as a motor
syndrome, paralysis of will, a fear syndrome, or a result of immune dysregulation, with the
emphasis of this review on the motor syndrome.

Motor syndrome

While volitional disturbances and fear might drive abnormal psychomotor behaviors, most
researchers have focused on motor acts as the central feature of catatonia. Karl Kleist
developed an elaborate neural circuity model for psychomotor abnormalities in various
psychiatric conditions”#47. More recently, Georg Northoff integrated current neuroscience
data into a top-down-modulation model of catatonial®. Many studies in schizophrenia
reported striking covariance between catatonia and other motor abnormalities or symptom
dimensions (e.g. parkinsonism, negative symptoms, dyskinesia, neurological soft signs or
disorganization). This co-occurrence is due to both conceptual overlap between rating scales
and to truly common pathways in pathobiology®#8-0, Depending on which scale is used,
catatonia symptoms are readily missed or confused. Rogers’ termed this problem the
“conflict of paradigms”, which particularly hampers research of psychomotor symptoms in
severe psychiatric illness*8. More research is needed to clarify whether the underlying
symptom structure differs between psychiatric conditions associated with catatonia.
Obijective assessment and comparison between disorders is most likely to be achieved for
pure motor symptoms, which can be approached with instrumentation®1:52,
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Paralysis of will

Kraepelin identified 11 disturbances of volition and action®3, Most are now represented in
DSM-5 as criterion A.4. of schizophrenia (grossly disorganized and/or catatonic behavior),
but some are scored separately as criterion A.5. (avolition). After separating Kraepelin’s
“paralysis of will” into two distinct domains, much of the clinical and research focus shifted
to negative symptoms of schizophrenia®*.

Bleuler recognized loosening of associations as the primary feature of schizophrenia,
leading to it’s recognition as a thought disorder®>:56, But he also considered negativism and
ambivalence as fundamental®’. Ambivalence captures the waxing and waning of willful
behavior seen in catatonia very well.

Fear syndrome

Similarities between catatonia and tonic immobility, an animal defense strategy in response
to fear, led to the hypothesis that catatonia is a primitive fear syndrome®8:59, The affective
symptoms and neuroendocrine abnormalities seen in melancholic patients with catatonic
symptoms and the therapeutic effects of benzodiazepines have been cited in support of
catatonia as a fear syndrome80. Imaging studies of the amygdala and the ventromedial /
dorsolateral prefrontal cortices can explore this hypothesis6Z.

Immune dysregulation

The course and presentation of acute catatonia mimics encephalitis in some cases, which led
to the hypothesis that catatonia results from immune dysregulation®2. This evolving research
field is covered by the article of Rogers and colleagues in this issue.

Nosology and epidemiology of catatonia

The nosology of catatonia has changed recently. With DSM-5, the syndrome is now
recognized in many psychiatric and medical conditions, but likely remains under-
diagnosed?L. Most estimates of catatonia prevalence are derived from studies of acutely ill
psychiatric inpatients, and range from 9 to 18%°?0:60.63-65 The prevalence critically depends
on the assessment method, rating scales such as the BFCRS provide higher numbers than
DSM-5 criteria?1:65, In a meta-analysis of 74 studies of catatonia, the mean catatonia
prevalence was 9% but rose to 23.9% in patients receiving ECTL’. In a population based
cohort study, Kleinhaus et al, found that 7.6% of patients with schizophrenia had the
catatonic subtype®6. Work by Abrams and Taylor reported an even higher prevalence in
patients with affective conditions with up to 20% of patients with bipolar disorder exhibiting
catatonic signs®’~70. Catatonia is a frequent manifestation of many general medical
conditions®71-73_ Studies have suggested that perhaps as many as one third of patients with
delirium secondary to a general medical condition will develop catatonia during their acute
hospitalization3®:36, Catatonia incidence ranged from 1-6% to 8-9% on medical services
assessed by a psychiatry liaison service, with prevalence varying across age groups and
associated medical conditions’473,
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Catatonia is a medical condition

Max Fink has advocated that catatonia should be given a home of its own in psychiatric
nosology’®. While there are many etiologies, illness course and response to treatment are
considered strong validators. From this perspective, various conditions may be related as
catatonia-spectrum illnesses, including malignant catatonia, neuroleptic malignant syndrome
(NMS), serotonin syndrome, lethal catatonia’’, and the growing number of autoantibody-
related encephalitis cases with catatonia’®. These life-threatening conditions are
characterized by autonomic abnormalities and encephalopathy, both of which are rarely
studied in catatonia. Future studies should focus on the characterization and course of
symptoms such as tachycardia and hyperthermia in catatonia.

Disease Mechanisms

Neuroimaging findings

Catatonia is associated with alterations of cerebral motor circuits® 7980, It is important to
understand the mechanism of catatonic motor dysfunction in order to design specific
treatments. Similar to Parkinson disease, catatonia comprises hypo- and hyperkinetic motor
abnormalities, suggesting dysfunction of more than one motor circuit.

The Research Domain Criteria (RDoC) initiative considers including a motor domain with
three main circuits. One is thought to serve inhibition and excitation of movements and
comprises a circuit from primary motor cortex (M1) to putamen, internal and external
pallidum, thalamus, and back to M1; another circuit focuses on motor dynamics and timing
including M1, thalamus, cerebellum and pontine nuclei; and the final cortico-cortical circuit
is thought to control motor organization and speed including M1, supplementary motor area
(SMA\), posterior parietal cortex, and medial prefrontal cortex?4. Thus, according to this
model, catatonia symptoms affecting motor inhibition/excitation as well as motor
organization would be associated with at least two of the three circuits. Some authors,
however, argue that “horizontal abnormalities” within the cortico-cortical loop are most
relevant to catatonia2*79,

Initial neuroimaging studies of patients with a history of catatonia indicated poor functional
activation of SMA, primary and secondary motor cortices, inferior parietal cortex and basal
ganglia during self-initiated movements®1-23, lower cerebral blood flow (CBF) in right
prefrontal and parietal cortex®, and reduced GABA-A-receptor density in the left
sensorimotor cortex8°. Furthermore, functional MRI studies reported that orbitofrontal
cortex dysfunction would contribute to poor connectivity in medial prefrontal cortices in
catatonia, which is partly reversible by lorazepam administration86:87. A number of case
reports also point to reduced neural activity in frontal and parietal cortices in catatonia®®.

New studies using arterial spin labeling revealed that schizophrenia patients in a catatonic
episode have increased cerebral blood flow (CBF) in the left primary motor cortex M1 and
supplementary motor area (SMA) compared to schizophrenia patients without catatonia
history19. This study is supported by another recent investigation in patients with chronic
periodic catatonia, indicating /ncreased perfusion of the SMA and left M1 in catatonic
patients compared to non-catatonic patients and controls88. In addition, case reports
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demonstrated increased neural activity in SMA and M1 in acute catatonia8®%. Increased
resting state neural activity in the SMA could also explain the lack of activation in functional
MRI tasks in catatonia82:83,

Transcranial magnetic stimulation (TMS) indicated a hyper-imitative state in a case of acute
catatonia: a patient was found to exhibit increased motor evoked potentials (MEP) in
response to TMS while this patient was observing motor acts®L. But this effect was no longer
seen after catatonia remitted, suggesting disinhibition within the motor and premotor cortex
during catatonia. Likewise, an EEG study in catatonia reported delayed late readiness
potentials and movement potentials over fronto-parietal midline structures®2. This finding
suggests ineffective coupling of premotor and motor cortices in catatonia. Interestingly,
lorazepam administration further delayed readiness potentials arguing for compromised
inhibitory control within the motor network in catatonia.

We found aberrant hyperconnectivity between thalamus and bilateral M1 and SMA in
schizophrenial8, similar to previous studies?3:94, This resting state thalamocortical
hyperconnectivity (to M1) was linked to ratings on the Bush Francis Catatonia Rating Scale,
i.e. increased connectivity in patients with more severe catatonia symptoms-8.

Together, these findings implicate the motor system in catatonia (see figure 1). They point to
abnormal hyperactivity within the SMA and pre-SMA, tightly interconnected brain
structures that are critically involved in motor control, movement selection, initiation,
timing, and inhibition%5-97. Particularly, the concentration of the inhibitory neurotransmitter
GABA determines individual variation in responding to motor cues®. In addition, SMA is
thought to initiate the inhibitory processes in downstream brain areas such as basal
ganglia®®. SMA hyperactivity could result from increased feed-forward stimulation of STN,
from activation of other cortical areas exerting inhibitory control or from an attempt to
overcome inhibitory processes, such as basal ganglia output on the (pre)motor cortex (see
figure 1). Connecting white matter could also be involved, even though direct evidence in
catatonia patients is lacking®.

First-degree relatives of patients with catatonia are more likely to suffer from affective
disorders!00:101 A study of multiplex families reported substantial heritability estimates for
catatonia symptoms, symptom endorsement frequency and syndrome severity102,
Interestingly, the most frequent signs such as psychomotor retardation and excitement had
moderate levels of familiality estimates, whereas classical signs as mutism or rigidity had
very high familiality estimates. Karl Leonhard reported that periodic catatonia runs in
families, while stable (systematic) catatonias or reactive motility psychoses show little
familial aggregation103104_ |n fact, lifetime morbidity risk of catatonia for first-degree
relatives of patients with periodic catatonia is 27%, with an autosomal dominant linkage to
chromosome 15q15 and heterogeneous linkage to chromosome 22g13195.106 | jkewise, in
patients with intellectual disability who present with catatonia, researchers detected rare
copy number variants107:108,
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Mice heterozygous for oligodendroglial myelin basic protein (mbp*/~) or cyclic nucleotid
phosphodiesterase (CNP*/"), both critical for oligodendroglial function and
myelination109:110 developed spontaneous catalepsy, apathy and social withdrawal during
aging. Likewise, schizophrenia patients with the same genotype display a similar phenotype
in terms of behavior and corpus callosum white matter after age 40110, Interestingly, the
CNP*/~ genotype is more prevalent among schizophrenia patients with catatonic
symptoms®2. Finally, in the mutant mice, catatonia was alleviated by pharmacological
microglia inactivation®2. White matter alterations in frontal motor areas have been reported
in patients with schizophrenia and major depression, who demonstrated reduced
spontaneous motor behavior, potentially a minor form of catatoniall1112,

Current state

Catatonia is a potentially life-threatening condition, often requiring inpatient medical or
psychiatric treatment. Medically, catatonia can lead to deep vein thrombosis and pulmonary
embolus, decubiti, muscle contracture, and rhabdomyolysis leading to renal failurel13-115,
General preventive recommendations for patients with catatonia include (1) pharmacologic
prophylaxis of venous thromboembolism, (2) skin assessments and frequent repositioning to
prevent pressure ulcer, (3) daily stretching to prevent muscle contractions, and (4) tube
feeding and intravenous fluids when necessary to avoid dehydration and malnutrition16. A
summary of clinical recommendations is given in Panel 2.

Few prospective investigations have examined the effectiveness of available treatments for
catatonia (see Supplemental Table 2). In fact, a systematic review failed to identify trial-
derived data meeting inclusion criteriall”. Benzodiazepines®0:118:119 and electroconvulsive
therapy (ECT)120.121 gre safe and effective standard treatments, particularly in acute
catatonia. Lorazepam is the preferred benzodiazepine for catatonia. It is administered
sublingually, intravenous or intramuscularly and effective at both low (1-3mg/day)®° or high
doses (6-16 mg/day)118120 Although lorazepam had no effect on chronic catatonia
symptoms in one randomized controlled trial (RCT)122, acute catatonia responds well to
benzodiazepines in approximately 70% of the cases according to prospective investigations
(see Supplemental Table 2). Still, response to benzodiazepines is not satisfactory in a
considerable number of patients!21, with 27% of patients experiencing only partial symptom
reduction®3:118, Predictive factors for response to benzodiazepines include chronicity,
symptomatology, age and aetiology (i.e. affective, psychotic or organic)122 with evidence for
poorer response with increasing age, increased duration of illness, chronicity and in
psychatic patients. If effective for ameliorating catatonia, the effects of repeated
benzodiazepine administration should be observed within a few days121.

The treatment of patients who present with signs of catatonia and delirium poses challenges
(i.e., antipsychotic drugs are currently standard treatment for delirium but may worsen
catatonia; benzodiazepines are first-line treatment for catatonia but may worsen delirium).
One of us (JEW) is studying the overlap of delirium and catatonia3®, but further research
must be done before clear treatment recommendations can be made.
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When patients fail to respond to benzodiazepines, they should be referred to ECT21, ECT
can also be applied as first line treatment in life-threatening conditions (e.g., severe
autonomic instability or withdrawal leading to insufficient oral intake). One meta-analysis
on the effect of ECT for the treatment of catatonia documented symptom improvement with
ECT (SMD = -3-1, 95% CI [-3-95; —2-34]). However, according to the authors the studies
(three prospective RCTs, five prospective observational and one retrospective chart review)
failed to demonstrate efficacy and effectiveness of ECT due to low quality (missing rigorous
quality RCT) and heterogeneity (different ECT protocols, different scales assessed treatment
response)123, The combined administration of ECT with benzodiazepines has been
associated with reduced efficacy and efficiency, yet some synergism has been discussed!24.
Bifrontal ECT results in superior clinical and cognitive outcomes than bitemporal ECT in
schizophrenia patients with catatonial2®. Importantly, the suggested reduced risk of
cognitive side effects with unilateral stimulation was not confirmed in a small case series!26,

Prospective investigations of treatments for catatonia are rare. There is some evidence that
patients with psychotic disorders who present with catatonic signs respond better to
clozapine and to antipsychotics with low affinity for dopamine receptors27:128_ A recent
systematic review of alternative treatment strategies for catatonia concluded that intravenous
lorazepam and ECT remain first-line treatments'29. The authors proposed a treatment
algorithm with glutamate antagonists and anti-epileptic drugs (carbamazepine and valproic
acid) as second-line treatments if benzodiazepines and a full course of ECT are not
sufficient.

New developments:

Novel brain stimulation techniques hold promise in targeting the motor network directly
with local and distant effects within the network!39, ultimately allowing for individualized
treatment of catatonia. Repetitive transcranial magnetic stimulation (rTMS) is being studied
in two randomized controlled trials, informed by recent neuroimaging results19:88 (see figure
1). One trial (, www.clinicaltrials.gov) is a four-arm prospective parallel trial, testing add-on
rTMS in patients with schizophrenia spectrum disorders and major depressive disorder. One
arm tests inhibitory rTMS and one arm facilitatory rTMS of the SMA. The other trial aims
to treat catatonia by rTMS based on individual brain perfusion abnormalities (,
wwuw.clinicaltrials.gov). Both trials target motor inhibition in catatonia. Without conclusive
evidence regarding pathophysiology, the field is struggling to develop novel treatment
approaches. Currently, noninvasive brain stimulation is a promising new development that
allows for careful hypothesis testing of disease mechanism and treatment efficacy.

Future perspectives

Adoption of Kraepelin’s nosology impeded progress in catatonia research for many years.
With the greater recognition of catatonia as not just a subtype of schizophrenia, we are now
ready to explore clinical presentation, symptom structure, and course of catatonia in various
conditions. Dimensional assessments of psychomotor behavior in various psychiatric and
medical conditions may prove especially fruitful.
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Neuroimaging is likely to advance our understanding of catatonia. Resting-state functional,
perfusion, and structural MRI scans are feasible methods to study catatonic patients who are
unable to engage in functional MRI tasks. We will need well-powered studies, longitudinal
studies, as well as studies in patients with distinct catatonia symptom profiles. Motor
network properties are likely different between patients with volitional issues such as
negativism and patients with pure motor inhibition. Furthermore, these neuroimaging
approaches should be applied to all types of catatonia. Finally, vegetative signs remain
poorly understood in catatonia. We need characterization of vegetative dysregulation in
cross-sectional and longitudinal studies.

Negativism, avolition, and mutism have made it difficult to obtain informed consent from
catatonic patients. Consenting a surrogate decision maker and prospective recruitment of
patients during catatonia-free periods are ethical solutions to this obstacle. Given the
prevalence of catatonia, larger medical centers should be able to conduct interventional
studies, ideally with multi-center designs. In addition to testing established treatments
(benzodiazepines, ECT), we need to explore the use of non-invasive brain stimulation
techniques such as rTMS; and finally even considerdeep brain stimulation for severe and
chronic cases. For the development of invasive brain stimulation, we need animal models of
catatonia.

Finally, establishing individualized treatment regimens is a high priority. Treatment effects
will depend on the underlying condition and the specific symptom clusters. Indeed, current
studies with broad inclusion criteria may fail because of heterogeneous responses to
treatment.

We have summarized next steps in catatonia research in panel 3. Clinicians may aid this
process by applying screening instruments such as the BFCRS to recognize catatonia
patients.

Conclusions

Catatonia remains poorly understood. The syndrome of abnormal volition and motor
behavior occurs in several psychiatric and medical conditions. We conceptualize it as a
disorder of cerebral motor network dysfunction. Future research should clarify the various
presentations, the course and the disease mechanisms. Neuroimaging stands to aid the
development of novel brain-network focused treatment options.

Search strategy

We searched PubMed for relevant publications using the terms: “catatonia” AND
“prevalence” OR “neuroimaging”, “MRI”, “ECT", “treatment”, “clinical trial”, “meta-
analysis”, “transcranial magnetic stimulation”, “benzodiazepines”, “lorazepam”,
“antipsychotic”, “symptom structure”. In addition, we carefully checked books, reference
lists of articles, and the clinicaltrials.gov database for further studies, reports or reviews on
catatonia. The retrieved publications in English or German were further selected for their

relevance to the topics of this review, i.e. prevalence, presentation, neuroimaging, treatment.
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Finally, we also searched specifically for some topics using Google Scholar. We applied no
date restrictions to our search; the last search was carried out June 27, 2018.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Role of the funding source

The manuscript was prepared without funding.
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Figure 1. Motor network pathology in catatonia.

Left panel depicts motor system in healthy controls, right panel in current hypokinetic
catatonia. Cortical (pre)motor areas are: ventromedial prefrontal cortex (vmPFC), cingulate
motor area (CMA), pre-supplementary motor area (pre-SMA), supplementary motor area
(SMA), primary motor cortex (M1), and inferior parietal lobe (IPL). GPe = external globus
pallidus, GPi = internal globus pallidus, STN = subthalamic nucleus. Green arrows indicate
net facilitatory pathways, such as the direct pathway. Red arrows indicate net inhibitory
pathways, such as indirect or hyperdirect pathways. Blue arrows indicate neutral or
modulatory connections.
Note: in catatonia preSMA and SMA have increased neural activity concurrently with motor
behavioral inhibition, which may either result from cortico-cortical inhibition or from

dominant indirect/hyperdirect pathway activity.
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Panel 1A.
Catatonia checklist
Observation Interview Physical exam
Agitation/Excitement
Increased Impulsivity
Combativeness
Grimacing Echolalia * Waxy Flexibility
Stereotypy Echopraxia * Catalepsy *
Psychomotor activity | Abnormal Mannerism Verbigeration Rigidity
Posturing * Automatic obedience Gegenhalten
Perseveration Mitgehen
Grasp reflex
Stupor Negativism
Decreased Ambitendency Mutism
Staring Withdrawal
Autonomic abnormality

The checklist recognizes all 23 items of the Bush-Francis Catatonia Rating Scale (BFCRS)40.
Red indicates the 12 DSM-5 criteria for catatoniad

Asterisk (*): indicates items that are combined in the BFCRS (item #5: posturing/catalepsy, item #7: echolalia/echopraxia), but are separate items
in the DSM-5.
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Panel 1B.

Definitions of catatonia signs

BFCRS item # | DSMSitem

1 9 Agitation/Excitement- extreme hyperactivity with nonpurposeful movements and uncontrollable, extreme
emotional reactions

19 Ambitendency- appearance of being “stuck” in indecisive or hesitant movement

16 Automatic Obedience- mechanical and reproducible compliance with examiner’s request, even if dangerous

23 Autonomic Abnormality- diaphoresis, palpitations, or abnormal temperature, pulse, blood pressure, pulse or
respiratory rate

5% 2 Catalepsy- passive induction of a posture held against gravity

22 Combativeness- striking out against others, with or without potential for injury

7 11 Echolalia- mimicking another’s speech

7* 12 Echopraxia- mimicking another’s movements

18 Gegenhalten- resistance to positioning by examiner which increases proportionally to applied force

20 Grasp reflex

6 10 Grimacing- odd and inappropriate facial expressions, irrespective of situation

15 Impulsivity- patient suddenly engages in inappropriate behavior without provocation; afterwards can give
no, or only a facile explanation

9 7 Mannerism- odd, circumstantial caricature of normal actions

17 Mitgehen- exaggerated movements in response to light pressure

3 4 Mutism- no, or very little, verbal response (exclude if known aphasia)

12 5 Negativism- opposing or not responding to instructions or external stimuli

21 Perseveration- whole or partial non-goal-directed repetition of actions or verbal content

5 6 Posturing- spontaneous and active maintenance of a posture against gravity

11 Rigidity- resistance by way of increased muscle tone

4 Staring/Blinking- fixed gaze, decreased blinking, and widely opened eyes. Or increased blinking

8 8 Stereotypy- repetitive, abnormally frequent, non-goal-directed movements

2 1 Stupor- no or markedly reduced psychomotor activity; no active relation to environment

10 Verbigeration- continuous, directionless, repetition of words, phrases, or sentences

13 3 Waxy Flexibility- slight, even resistance to positioning by examiner

14 Withdrawal- turning away from examiner, no eye contact and/or refusal to take food or drink when offered.
Or social isolation

Catatonia signs are not fully operationalized and definitions vary slightly between authors.
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Panel 2:
Clinical Recommendations
. Ensure correct diagnosis of catatonia including use of rating scales (see checklist Panel 1A and 1B) or other diagnostic criteria
. Prophylaxis of venous thromboembolism, prevent pressure ulcer, prevent muscle contractions, ensure proper hydration and avoid
malnutrition.
. Benzodiazepines (lorazepam) sublingually, intravenous or intramuscularly in acute catatonia
. If no response to benzodiazepines or life-threatening condition pursue electroconvulsive therapy
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Panel 3:
Next steps in catatonia research
1 Use catatonia rating scales to establish symptom presentation in multiple conditions, also report dimensional assessments
2 Apply neuroimaging of the resting state in catatonia of various conditions, with specific symptoms, in acute and chronic cases,
and longitudinally within subjects
3 Explore the dynamics of vegetative instability in catatonia
4 Conduct double-blind randomized controlled trials of catatonia treatment regimens
5 Test rTMS effects on various catatonia conditions
6 Establish a catatonia animal model
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