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Abstract: Catatonia is a syndrome that has been associated with several mental illness disorders
but that has also presented as a result of other medical conditions. Schizophrenia and other psychi-
atric disorders such as mania and depression are known to be associated with catatonia; however,
several case reports have been published of certain medical conditions inducing catatonia, including
hyponatremia, cerebral venous sinus thrombosis, and liver transplantation. Neuroleptic Malignant
Syndrome and anti-NMDA receptor encephalitis are also prominent causes of catatonia. Patients
taking benzodiazepines or clozapine are also at risk of developing catatonia following the withdrawal
of these medications—it is speculated that the prolonged use of these medications increases gamma-
aminobutyric acid (GABA) activity and that discontinuation may increase excitatory neurotrans-
mission, leading to catatonia. The treatment of catatonia often involves the use of benzodiazepines,
such as lorazepam, that can be used in combination therapy with antipsychotics. Definitive treatment
may be found with electroconvulsive therapy (ECT). Aberrant neuronal activity in different motor
pathways, defective neurotransmitter regulation, and impaired oligodendrocyte function have all
been proposed as the pathophysiology behind catatonia. There are many clinical challenges that
come with catatonia and, as early treatment is associated with better outcomes, it becomes imperative
to understand these challenges. The purpose of this manuscript is to provide an overview of these
challenges and to look at clinical studies regarding the pathophysiology, diagnosis, and treatment of
as well as the complications and risk factors associated with catatonia.

Keywords: schizophrenia; catatonia; benzodiazepines; ECT

1. Introduction

Catatonia is a syndrome that has been associated with several mental illness disorders
but that has also presented with other medical conditions. It is defined as a group of
symptoms that involve a lack of movement as well as a lack of communication. It can
be accompanied by agitation, confusion, and restlessness. It is a complex psychomotor
syndrome that was previously seen as a subtype of schizophrenia; however, with changes
to the DSM-5, it can now be classified as stemming from other mental health disorders,
including brief psychotic, schizophreniform, and schizoaffective disorders, as well as
having been induced by a substance [1]. It is most commonly associated with bipolar
disorder. It may also be diagnosed independently of any syndromes or medical illness [2].
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Catatonia was first categorized by Karl Kahlbaum as its own entity in 1874 [3].
Emil Kraepelin’s description of catatonia differed from Kahlbaum’s in that he attempted to
tie catatonia into his vision of dementia praecox [3]. This is the collection of symptoms that
characterized early definitions of schizophrenia. Eugen Bleuler brought Kraepelin’s idea
that catatonia equated schizophrenia to the United States and even indicated this his text-
book, which was written in 1916 [3]. Bleuler took it a bit further and thought that a patient
with catatonia was suppressing unpleasant memories by “silence, tenseness and rigidity,
refusal to obey commands, and displacing rising emotion and tensions into motor acts that
shut out reality” [3]. Although it was often previously categorized with schizophrenia or
associated with other mental health disorders and neurological disorders, new changes
in the DSM-5 have opened up an opportunity for it to be recognized independently of
these conditions. This is a huge step forward, as catatonia is not just associated with
psychiatric disorders.

Catatonia has a complex presentation that is composed of multiple signs and symp-
toms, of which only three need to be present for diagnosis. It may be thought of as occurring
with schizophrenia or with mania; however, patients in other settings with various general
medical health conditions may develop an episode of catatonia. It is essential to iden-
tify catatonia early on for treatment to protect the patient from developing any further
complications. A number of medical conditions can mask catatonia, delaying its treatment.

Some general medical conditions may also present with catatonic symptoms or place
patients at a higher risk of catatonia, and several case reports have been published on the
subject. These case reports include conditions such as hyponatremia, cerebral venous sinus
thrombosis, and liver transplantation, among others [4–6]. Patients taking benzodiazepines
or clozapine are also at risk of developing catatonia after withdrawal from these medi-
cations [7]. It is speculated that the prolonged use of these medications increases GABA
activity and that discontinuation may increase excitatory neurotransmission, leading to
catatonia [7]. Despite this reaction, benzodiazepines are still used as the main form of
treatment for catatonia.

The diagnostic criteria for catatonia in the current DSM-5 require three or more of the
following symptoms: stupor, waxy flexibility, catalepsy, mutism, posturing, negativism,
stereotypes, mannerisms, grimacing, agitation, echopraxia, and echolalia [8]. These diag-
nostic criteria apply to both adults and children, but in children, catatonia often presents
as a result of somatic conditions or substance use. Catatonia associated with schizophre-
nia in children is considered serious and needs immediate attention, as there is a greater
opportunity for poor prognosis [8]. Patients who develop catatonia accompanied with
acute autonomic instability have an increased risk of complications and mortality [9,10].
This autonomic instability can be suggestive of a cause that needs immediate treatment.
The treatment of catatonia often involves the use of benzodiazepines, such as lorazepam,
that can be used in combination therapy with antipsychotics to minimize symptoms [11].
Definitive treatment may be found with electroconvulsive therapy (ECT), which provides
patients with short electrical brain stimulation under anesthesia. ECT has been proven to
be effective in the treatment of catatonia, especially with early initiation [11].

Given the various presentations and symptoms for catatonia, it can be challenging
to diagnose and to treat it if not identified correctly and in a timely manner. Catatonia
may be underdiagnosed in populations with mental illness or general medical conditions.
Although the changes made in the DSM-5 aim to address the under-recognition of this
condition and the discrepancies previously noted in the DSM-4, its presentation may
still be missed. It is essential for healthcare professionals to consider it as part of the
differential diagnosis in those presenting with criteria that meet the diagnosis of catatonia.
This manuscript will look at the different causes and the management of catatonia.
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2. Catatonia Causes, Presentation, and Pathophysiology
2.1. Types of Catatonia

There are three types of catatonia that clinicians need to be aware of. The first, and
most common, is akinetic catatonia. A patient with this type of catatonia will stare and
appears to be non-responsive [12]. Response to vocal and noxious stimuli is decreased [9].
These patients are alert and aware of their surroundings. The second type of catatonia is
excited catatonia. A patient with this type may move, but their movements seem pointless
and impulsive. They can appear agitated, combative, or even delirious [12]. The excess
motor activity could cause either harm to the patient themself or harm to others [9]. The last
type is malignant catatonia. This type of catatonia is dangerous and is associated with
autonomic instability [12]. This can be seen in neuroleptic malignant syndrome and can
signal a potential lethal underlying cause of the catatonia. Malignant catatonia can evolve
rapidly, within a matter of days [13]. It is because of this rapid evolution that clinicians
need to keep this in mind when seeing a person with suspected catatonia and act quickly
to treat the underlying cause.

Although not an official subtype of catatonia, periodic catatonia can present as a
diagnostic challenge for clinicians and should be discussed. Periodic catatonia is a rare
form of catatonia where the symptoms present in phases and can disappear completely in
between episodes [14]. The pathophysiology of periodic catatonia is unclear at this time,
though it may be related to a dysfunctional GABA signal since acute cases respond well to
benzodiazepines [15]. There have been cases reported where treatment with an atypical
antipsychotic relieved symptoms [15].

2.2. Causes

It is important to note that catatonia is a constellation of symptoms that are a re-
sult of an underlying disorder. Catatonia itself is not a disorder but rather a syndrome.
Psychiatric disorders are the first source that comes to mind when thinking about the
underlaying causes of catatonia. Patients with bipolar disorder, autism, schizophrenia,
major depressive disorder, or mixed psychiatric conditions all have a higher incidence
of catatonia than the general population [16]. In fact, roughly 35% of individuals with
schizophrenia will show symptoms of catatonia at some point [17]. It is because of this that
it is important to keep catatonia in mind in patients with schizophrenia when abnormal
movement and communication is present, as this could be a presentation of neuroleptic
malignant syndrome, a life-threatening syndrome that can be caused by antipsychotic use.
Roughly 20% of patients with catatonia have a medical cause rather than a psychiatric
one [18]. Additionally, general medical conditions such as strokes, neoplasms, infections,
autoimmune disorders, neurodegenerative diseases, metabolic derangements, and certain
drugs have all been associated with catatonia [18]. Infectious and autoimmune etiologies
account for roughly 29% of cases associated with general medical causes, and studies have
shown that meningitis and encephalitis as well as systemic bacterial, viral, or fungal
infections may result in catatonia [19]. Further, autoimmune processes, particularly
N-methyl-D-aspartate receptor (NMDAR) encephalitis and systemic lupus erythematous
(SLE) also have a strong association with catatonia [19]. In fact, NMDAR encephalitis is
responsible for 72% of all autoimmune cases of catatonia. The percentages presented in this
section are meant to highlight that catatonia should be on the clinician’s radar whenever
the syndrome is even slightly suspected. The exact reason why some medical conditions
lead to catatonia is not well understood; however, direct neurotoxic effects, the patient’s
psychological reaction to the insult, or mediation by acute phase reactants have all been
suggested as potential causes [19,20].

Another interesting theory of the cause of catatonia seen in the literature is catatonia
that happens in the face of extreme fear. There is a theory that catatonia is originally derived
from encounters with predators whose attack instincts were based on movements [21].
The thought is that catatonia could be an end state response to the feelings of imminent
doom [21]. A study in an elderly population found that catatonic patients experienced
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more anxiety and hyperactivity [22]. This also may lend credibility to the notion that
anxiety and fear can be part of the causes of catatonia, although catatonia is more complex
and has more probable causes.

2.3. Pathophysiology

The pathophysiology of catatonia is not currently well understood. However, recent
studies suggest that three motor pathways within the brain and brainstem are responsi-
ble [23–25]. The first pathway leads from the primary motor cortex (M1) to the putamen,
the internal and external pallidum, the thalamus, and then back to M1. This pathway is
responsible for the inhibition and excitation of movements [24,25]. Another circuit runs
between the M1, thalamus, cerebellum, and pontine nuclei and is responsible for motor
dynamics and timing [23–25]. Lastly, the third circuit is composed of the M1, supplemen-
tary motor area (SMA), posterior parietal cortex, and medial prefrontal cortex and controls
motor organization and speed [23–25]. The dysfunction of any of these circuits could lead
to catatonic symptoms. Blood flow to the M1 and SMA has been shown to be increased
in patients with catatonia compared to those without catatonia, further suggesting the
increased neural activity of these circuits, likely resulting in catatonic behavior [26–29].

Reduced GABA activity, specifically GABA-A receptor activity, in the right lateral
orbitofrontal and right posterior parietal cortex is thought to be another driver of the
dysfunction seen in catatonia syndrome [30]. This dysfunction could explain the motor
and affective symptoms seen in catatonia. This would explain why patients with cata-
tonia respond well to and why benzodiazepines remain the mainstay of treatment for
catatonia. This class of drugs stimulates GABA-A binding and relieves the symptoms of
catatonia, presumably by lowering the increased neural activity in the circuits described
above. Dysfunctional connections between the orbitofrontal cortex and the medial pre-
frontal cortices can be partially reversed by the administration of benzodiazepines, and
imaging shows reduced GABA-A receptor density in cortical areas such as the left sensori-
motor cortex [31,32]. Therefore, dysfunctional GABA-A signaling also seems to contribute
to catatonia.

Not only are GABA-A receptors associated with catatonia, but the excitatory glu-
tamatergic N-methyl-D-aspartate receptor (NMDAR) appear to be associated as well.
Glutamate abnormalities have been seen in the basal ganglia [33]. Glutamate hyperactiv-
ity is thought to be the cause of catatonia symptoms in this case. As previously stated,
NMDAR encephalitis is strongly associated with catatonia, even more so than it is with
psychosis [19]. During this inflammatory process, NMDARs are internalized into cells, and
overall levels of this receptor are decreased [34,35]. Therefore, the dysfunction of both the
NMDAR and GABA-A receptors has been implicated in the pathogenesis of catatonia [33].

Dopamine dysfunction has also long been postulated as a cause for catatonia symp-
toms. There is some evidence that the potency of a dopamine D2 receptor blockage is
directly related to the risk of exacerbating catatonia or even provoking malignant fea-
tures [36]. This can be seen in neuroleptic malignant syndrome, which can manifest as
catatonia. A strong dopamine blockade is thought to cause the symptoms seen in this
syndrome. However, another thought is that there is a balance of GABA-A and dopamine
that must be maintained in the mesostriatal and mesocortiolimbic systems as well as in the
hypothalamus. When this system is dysfunctional, the vulnerability to catatonia emerges
from the use of dopamine antagonists [37]. This particular theory of the pathophysiol-
ogy of catatonia as well as GABA and glutamate dysfunction does not fully explain the
presentation seen in patients.

Other autoimmune disorders can present with catatonia. T-cell mediated disor-
der, such as acute demyelinating encephalomyelitis, can also present with catatonia [19].
Catatonia is also associated with autoimmune encephalopathies that are associated with
antineuronal antibodies. These antibodies become internalized and cause the neuron to
cease to function [19]. These disorders suggest that the immune system can play an impor-
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tant role in the pathogenesis of catatonia and need to be considered when a differential
diagnosis is formulated.

Studies have shown that catatonia is substantially heritable and that patients have a
roughly 27% risk of experiencing catatonic symptoms if a first-degree relative has been
affected [38–40]. One gene that is implicated in the heritability of catatonia is CNP, which
codes for cyclic nucleotide phosphodiesterase, an enzyme important for oligodendro-
cyte function and myelination [41]. In mouse models, knockout of this gene leads to a
catatonic and depressive phenotype in the affected mice [42]. Studies have found that
loss-of-function mutations in this gene are more prevalent in schizophrenic patients with
catatonia compared to schizophrenics without catatonia [43]. Taking all of these pieces
together, we can infer that aberrant neuronal activity in different motor pathways, defective
neurotransmitter regulation, and impaired oligodendrocyte function may all be part of the
pathophysiology of catatonia.

2.4. Presentation

The presentation of catatonia is varied. In general, catatonia can be behavior that is
either increased, decreased, or abnormal compared to baseline, and the DSM-5 does not
provide a separate diagnostic code for catatonia as a distinct psychiatric condition [44].
As per the DSM-5, to diagnose catatonia, three of the following twelve symptoms must
be present: stupor (no psychomotor activity; not actively relating to the environment),
catalepsy (passive induction of a posture held against gravity), waxy flexibility (slight,
even resistance to positioning by the examiner), mutism (no, or very little, verbal response
(excluded if known aphasia)), negativism (opposition or no response to instructions or
external stimuli), posturing (spontaneous and active maintenance of a posture against
gravity), mannerism (odd, circumstantial caricature of normal actions), stereotypy (repeti-
tive, abnormally frequent, non-goal-directed movements), agitation, grimacing, echolalia
(mimicking another’s speech), and echopraxia (mimicking another’s movements) [44–46].

The Bush Francis Catatonia Rating Scale (BFCRS) overlaps with the DSM-5 criteria
and also adds other presentations, including ambitendency (appearance of being stuck
in indecisive or hesitant movement), automatic obedience (mechanical and reproducible
compliance with examiner’s request, even if dangerous), autonomic abnormality (diaphore-
sis, palpitations, or abnormal temperature, blood pressure, pulse, or respiratory rate),
combativeness (striking out against others with or without potential for injury), gegenhal-
ten (resistance to positioning by examiner that increases proportionally to applied force),
grasp reflex (strong grasp of any object in proximity of the hand or upon touch), impulsivity
(patient suddenly engages in inappropriate behavior without provocation; afterwards,
can give no or only a facile explanation), mitgehen (exaggerated movements in response
to light pressure), perseveration (whole or partial repetition of actions or verbal content
that is not goal directed), rigidity (resistance by way of increased muscle tone), staring,
verbigeration (continuous, directionless repetition of words, phrases, or sentences), and
withdrawal (no eye contact, refusal to take food or drink when offered, or both; turning
away from examiner or social isolation) [47]. The BFCRS has a total of 23 items that are
tallied to give an overall score. The presentation of a patient with catatonia is not fixed and
may vary from interview to interview, and patients are often cachectic and disheveled [48].

Autonomic instability can also be seen in catatonia. This type of catatonia has been
labeled “malignant catatonia.” This can be due to an underlying condition that can be life-
threatening. Liable blood pressures have been seen in benzodiazepine withdrawal, and case
reports have illustrated that catatonia has also been associated with this withdrawal [49].
These symptoms are thought to be due to the disruption of the GABA system as well as
dopamine disturbances. GABA has been associated with the increased firing of dopamine
cells in the ventral tegmental area and increased metabolism in the striatum [49]. The
thought is that the withdrawal of GABA can lower the dopamine and acetylcholine ratio,
which could cause catatonia [49]. This can lead to the death of the patient, so a high index
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of suspension should be kept if autonomic instability is present in the presence of catatonia
for possible withdrawal.

3. Catatonia Current Treatment

The early initiation of treatment in patients presenting with catatonia can reduce
the risk of complications. When patients develop catatonia, their risk of developing
deep venous thrombosis and pulmonary embolism increases substantially and occurs
frequently [50]. This is due to the patient’s immobility. Other complications include
malnutrition, infection, and muscle contractures, as the patient’s mobility is decreased, and
they may refuse oral intake [51–53]. Despite the development of possible complications,
most patients experience a resolution of symptoms with proper management [54]. As stated
in previous sections, autonomic instability may unmask an underlying condition that is also
causing the catatonia. The treatment of that condition is critical, as autonomic instability
may be part of a life-threatening condition.

The first-line treatment for catatonia is generally benzodiazepines, unless malignant
catatonia is present. Benzodiazepines work on the GABA-A receptors and help to relieve
the GABA dysfunction seen in some patients presenting with catatonia syndrome. Various
benzodiazepines have been studied, and while lorazepam is typically used, others can also
be considered, especially when additional symptoms or disorders are present. Caution
must be used in patients exhibiting delirium, as their presentation can worsen; such patients
may require lower doses for treatment [55]. When catatonia is suspected, a lorazepam
challenge can be performed. This is done by giving a dose of lorazepam, either through
IM or IV, and watching for a response. A response indicates the need for high suspicion
of catatonia. In the case of substance-induced catatonia, a combination of lorazepam
and diazepam has been shown to be an effective treatment plan, with the resolution of
symptoms occurring within a day [56].

The starting dose of lorazepam is 2 to 6 mg/d and can be increased up to 12 to
16 mg/d [54]. With an appropriate dose, a response is usually seen within 3–7 days;
however, a treatment response can be gradual and slow in some cases [57]. There is
no agreement on how long benzodiazepines should be continued in the treatment of
catatonia. However, they are generally discontinued once the underlying illness that was
thought to cause the catatonic symptoms remits [57]. However, tapering can cause the
catatonia symptoms to return, which necessitates the continuation of benzodiazepines for
an unknown amount of time.

ECT has been used to treat various mental disorders for many years and is an estab-
lished treatment modality that has been proven to be highly effective for several conditions.
Treatment involves brief electrical brain stimulations under anesthesia. ECT is a first-line
treatment in neuroleptic malignant syndrome, malignant catatonia, and delirious catatonia.
ECT is thought to work by increasing cerebral blood flow to the orbitofrontal and parietal
cortices, which increases GABA activity and GABA receptor expression [38]. It can also be
a definitive treatment when treatment with benzodiazepines has failed. The response rate
of catatonia symptoms when ECT is used is around 80–100% [58] It can take several ECT
treatments to achieve the desired results [59]. It can take at least six sessions for symptom
relief to be seen [38]. The number of total ECT sessions needed cannot be predicted. The
termination of ECT can be considered when a full clinical response is achieved or when
there is further clinical improvement after two consecutive sessions [58].

Predictors of a favorable response to ECT are noted to be young age, the presence of
autonomic dysregulation at baseline, daily ECT during the first week of treatment, longer
duration of motor and EEG seizure activity at the final ECT sessions, and less morbidity
in the year after ECT [58]. Contraindications to ECT include myocardial infarction within
3 months, elevated intracranial pressure, pheochromocytoma, cerebral tumors, and cerebral
aneurysms [60]. Associated side effects may include impaired new learning, anterograde
and retrograde amnesia, and autobiographical memory; these side effects usually resolve
within weeks to months, but it may take up to 6 months for cognitive function to return
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to baseline [61–63]. A previous history of cognitive impairment places patients at higher
risk of developing side effects [61]. If patients experience recurrent episodes, ECT may be
continued for maintenance treatment [64].

An emerging form of treatment is Repetitive Transcranial Magnetic Stimulation (rTMS).
Similar to ECT, rTMS provides stimulation to the brain, but it does not require patients
to undergo anesthesia. rTMS does not produce cognitive side effects and can be used in
refractory catatonia for acute or maintenance therapy [65]. This treatment modality can be
considered as an option for patients with catatonic schizophrenia but may be restrictive for
some patients, as it requires daily appointments for several weeks [65]. Addressing the
patient’s co-morbidities and other medical conditions along with catatonia is important in
order to provide optimal treatment.

A second-line treatment if benzodiazepine fails and if ECT is either ineffective or
refused are medications that modulate glutamatergic activity. These are memantine or
amantadine and can be given in twice-daily doses [38]. They are generally well tolerated
and can be used either alone or with a benzodiazepine [38]. A final option is the use
of an atypical antipsychotic. These should be used with caution, as they can actually
worsen catatonia or cause a conversion to malignant catatonia. Atypical antipsychotics
should be used in combination with a benzodiazepine, and a low potency agent should be
used [38]. In cases such as these, aripiprazole should be considered due to its partial agonist
activity [38]. Clozapine is another option that is available for patients with schizophrenia
with catatonia [66].

4. Clinical Challenges

While ECT has been proven to produce a positive response in patients with catato-
nia, there are challenging aspects aside from the possible side effects resulting from this
treatment modality. One such difficulty is obtaining consent from the patient. Patients in
a catatonic state may be unable to provide full consent or refuse such treatment. In the
USA, the guardian in these cases may make medical decisions; however, ECT treatment
is typically not included, and a petition must be obtained [67]. A catatonic patient’s au-
tonomy sets ethical challenges, as they are unable to fully comprehend the details of ECT
treatment [67,68]. This same challenge presents in adolescent patients; however, healthcare
professionals must consider the risks versus the benefits [68]. ECT has been found to
be safe and effective in the pediatric population and is available as a form of treatment
for them.

Other challenging aspects of catatonia involve its various forms of presentation, one of
them being periodic catatonia. Periodic catatonia is a subtype of catatonia in which patients
regularly experience multiple episodes. Although rare, it is a difficult subtype to diagnose
and treat, as it may disappear before it can be treated [14]. Tang et al. describe a case
of a 73-year-old woman with episodes of appearing ill for 45 years, which was initially
thought to be a non-specific psychosis. She was initially placed on antipsychotics but
was noted to have a good response to benzodiazepines. It was later discovered that her
symptoms and presentation were consistent with periodic catatonia, and she was treated
with multiple sessions of ECT. Her catatonia remained in remission for one year [69].
In patients presenting with multiple episodes of psychosis with symptoms meeting the
criteria for catatonia, periodic catatonia should be considered in the differential diagnosis.
Treating patients with antipsychotics in such cases may exacerbate catatonia and may
induce neuroleptic malignant syndrome or malignant catatonia [70,71]. When neuroleptic
malignant syndrome or malignant catatonia occurs, benzodiazepines have been proven to
be an effective form of treatment for both conditions [71].

5. Clinical Studies

Clinical studies were gathered from PubMed for analysis in this paper. The terms
catatonia with the filters for clinical studies and randomized controlled trial were applied
to the search. The resulting studies are discussed below and are summarized in Table 1.
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Table 1. Clinical studies on diagnosis and treatment of Catatonia.

Author (Year) Summary Results Conclusions

Benarous, Xavier et al.
(2016)

A total of 138 psychiatric
patients between the ages of 4
and 18 were used to evaluate

measures of efficacy of the
PCRS, including sensitivity,

specificity, and ROC. A total of
88 patients met BFCRS criteria

for catatonia,
and 50 controls participated.

The PCRS exhibited a specificity of
1 and a sensitivity ≥0.95 in

diagnosing patients with catatonia.
The AUC for the ROC curve for

patients treated with and without
antipsychotics was ≥0.978.

PCRS was found to be a
valid measure of catatonia
in an adolescent/pediatric

population.

Berardi, D. et al. (1998)

A total of 12 patients with a
history of NMS and 24 controls
were treated with neuroleptics
and were monitored each day

for the presence of
extrapyramidal symptoms

and pathological
psychological symptoms.

Psychological symptoms such as
disorganization (p < 0.002),
confusion (p < 0.0006), and

catatonia (p < 0.01) were identified
as potential risk factors for NMS.
Aspects of neuroleptic dose were

also identified as potential
risk factors.

Catatonia could increase
one’s likelihood of
developing NMS.

Conca, A. et al. (2003)

A total of 59 patients with
catatonic symptoms
were administered

zuclopenthixol-acetate and were
monitored using laboratory

values including serum ferritin,
iron, transferrin concentrations,

body temperature,
and other measures.

A total of 43 of the 59 patients
developed a BTHR that lasted for
≥3 days on average. A total of

39.5% of the patients who
developed a BTHR also developed
ferropenia. A total of 32.2% of all

catatonic patients treated with
zuclopenthisol-acetate experienced

ferropenia but did not develop
signs of NMS.

Ferropenia may be
associated with catatonia

as well as an increased
likelihood of experiencing

a BTHR.

Huang, T. L. et al. (1999)

Families of 34 patients with
catatonic symptoms that were

admitted to Chang Gung
Memorial Hospital at Linkou

between January 1995 and
March 1997 were consulted
regarding the onset of the
patient’s symptoms. Each

patient was monitored and
treated for catatonic symptoms.

The average timespan between the
onset of catatonic symptoms and

emergency department visit varied
significantly among different types

of psychological disorders (with
catatonic symptoms). The majority

of patients with acute catatonic
syndrome had an onset of catatonic

symptoms of <1.83 weeks before
being admitted to the ER. Most
patients with chronic catatonic

syndrome had an onset of catatonic
symptoms of >3.33 weeks before

being admitted to the ER.

Acute or insidious onset of
catatonic symptoms

should be considered
when treating patients

with catatonia.
The difference between
acute or insidious onset
should be considered as

exhibiting catatonic
symptoms for greater than

or less than 2–3 weeks
before receiving treatment.

Kakooza-Mwesige,
Angelina et al. (2015)

A variation of the BFCRS was
used to diagnose 16 patients

between 10 and 24 years of age
with NS. These 16 patients also
met BFCRS criteria for catatonia.

Effects of 0.5 or 1 mg of
lorazepam (dosage determined

by body weight of greater or
less than 30 kg) on symptoms of

NS and catatonia
were monitored.

A total of 6 of the BFCRS scores in
catatonic patients with NS were
reduced by >50% after receiving

treatment with lorazepam. After a
single dose of 0.5 mg of lorazepam,

scores were reduced in 10 of
the 16 patients.

Lorazepam was shown to
successfully treat

symptoms of NS in
patients between the ages
of 10 and 24. This study’s

small-scale findings
indicate that lorazepam

may serve as an effective
treatment for symptoms of

catatonia in patients
with NS.
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Table 1. Cont.

Author (Year) Summary Results Conclusions

Northoff, G. et al. (1995)

A total of 18 patients diagnosed
with acute catatonia received

treatment with 2–4 mg of
lorazepam and were monitored
for dyskinetic motions, serum

HVA concentration, and anxiety
24 h after receiving treatment.

Before treatment, short-term
responsive patients had an average

serum HVA concentration of
130.4 +/− 51.2 pmol/mL while
non-responsive patients had an

average serum HVA concentration
of 73.2 +/− 40.5 pmol/mL. A total
of 24 h after beginning treatment,

short-term responsive patients
received lower SEPS scores

(p = 0.049) but higher AIMS scores
(p = 0.022) and HAM-A scores

(p = 0.025) relative to
nonresponsive patients.

Serum HVA levels,
presence of dyskinetic

motions, and anxiety can
be used to differentiate

between catatonic patients
that do or do not respond

to short-term
lorazepam treatment.

Richter, Andre et al. (2010)

A total of 6 patients diagnosed
with catatonia and 16 healthy

controls were administered
either 1 mg lorazepam or

placebo. fMRI scans were then
performed on each participant

while they were exposed to
appropriate stimuli to trigger
targeted brain activity. Each

catatonic patient was also
examined using the treatment

that was not
initially administered.

Catatonic patients who received
lorazepam rather than placebo were

found to have greater signal
decreases within the ROIs of the

OFC while triggered to experience
negative emotions compared to

healthy controls (p < 0.001).

Decreased GABAergic
activity in the brain may

have a role in the etiology
of catatonia. Abnormal

OFC function is observed
in patients with catatonia.

Rosebush, P. I. et al. (1990)

A total of 12 patients were
observed for catatonic

symptoms over the span of one
year. These catatonic patients

were treated with 1–2 mg
lorazepam when each patient

experienced symptoms of
catatonic syndrome.

A total of 15 cases of catatonic
syndrome were observed in these

12 patients. The three most common
signs of catatonia observed in these
patients were mutism, staring, and
immobility. A total of 66.67% of the
patients in this study who benefited
from lorazepam (1–2 mg) treatment
suffered from CNS symptoms and

not only from psychogenic
catatonia. A total of 80% of the

cases of catatonic syndrome were
resolved in 2 h with lorazepam

administration.

Early diagnosis and
administration of

lorazepam in catatonic
patients may enhance

prognosis and decrease
length of hospitalization.

Schmider, J. et al. (1999)

A total of 21 patients with
mutism and psychomotor

retardation participated in this
3-day study. Patients were

assigned a baseline assessment
using the BPRS on day 1.

Patients were then given 60 mg
of oxazepam or 2 mg of
lorazepam, alternating

treatments between the 2nd and
3rd days. Each patient’s

response to each treatment
was assessed.

Both benzodiazepines were found
to be beneficial in treating
psychomotor retardation

(p < 0.0001). The group that
received oxazepam followed by

lorazepam (10 patients) experienced
greater relief of symptoms relative

to the group of 7 patients who
received lorazepam followed by

oxazepam (p < 0.01).
Each benzodiazepine relieved

symptoms of catatonia in
19/21 patients. The two patients

who did not respond to either
benzodiazepine were later

diagnosed with
Parkinson’s Disease.

This study’s findings
support the findings of

other studies that
lorazepam and oxazepam

may both relieve
symptoms of catatonia via

agonistically binding to
benzodiazepine receptors.
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Table 1. Cont.

Author (Year) Summary Results Conclusions

Ungvari, Gabor S. (2010)

A total of 15 patients diagnosed
with schizophrenia according to

DSM-4 criteria with catatonic
symptoms participated in this

15-week trial. Each patient was
daily given a placebo or 200 mg

amineptine for 6 weeks and
then received the alternate

treatment for 6 weeks,
separated by a 3-week

intermission with no treatment,
and was monitored for
catatonic symptoms.

Amineptine was not found to have
a significant effect on the symptoms

of catatonia in each patient.
No significant differences were

observed between each treatment
group (placebo received first or
amineptine received first), and

neither group showed a significant
reduction in catatonic symptoms

according to each clinical
scale used (p > 0.35).

Dopaminergic pathways
may not contribute

significantly to symptoms
of catatonia in

schizophrenic patients.

Ungvari, Gabor S. et al.
(1999)

A total of 18 patients with
schizophrenia with chronic

catatonic symptoms
participated in this double-blind
crossover trial. Patients received

either placebo or lorazepam
(6 mg daily) for 6 weeks then

alternated treatments for
6 weeks after a wash-out period
lasting 4 weeks. Symptoms of
catatonia were monitored for

each patient at weeks 0, 3, and 6
for each treatment using several

clinical rating scales.

A significant difference was not
observed between lorazepam or

placebo treatment in the reduction
of symptoms of catatonia across all

clinical ratings. No patient
experienced any clinically

significant relief of catatonic
symptoms after receiving either

treatment based on BFCRS criteria.

The source of catatonia in
schizophrenic patients
with chronic catatonic

symptoms may be caused
by different

pathophysiology than in
schizophrenic patients

with acute catatonic
symptoms. Lorazepam
was not found to be an
effective treatment in

schizophrenic patients
with chronic

catatonic symptoms.

Ungvari, Gabor S. et al.
(2005)

A total of 274 patients between
the ages of 18 and 55 years who

had been diagnosed with
chronic schizophrenia for over

5 years were assessed using
numerous clinical rating scales

for the severity of their
psychiatric symptoms including
symptoms of catatonia. These

data were compiled and
analyzed.

An increased BFCRS summed score
for a schizophrenia patient with
catatonia was associated with a

higher SANS summed score
(p < 0.001) and an earlier inception

of catatonic symptoms
(p = 0.002). The catatonic group had
significantly different scores from

the non-catatonic group of patients
on assessments, including the BPRS
(p = 0.0004), SANS (p < 0.001), CGI

(p < 0.001), GAS (p = 0.001), and
NOSIE (+) (p < 0.001).

Symptoms of catatonia
can be distinguished in
patients with chronic
schizophrenia. The

presence of catatonic
symptoms in chronic

schizophrenia patients is
correlated with a worse
prognosis than that of

patients without
catatonic symptoms.

5.1. Pathophysiology

A double-blind, case–control study was performed to observe the effects of lorazepam
on cerebral activity [31]. Patients diagnosed with catatonia were exposed to triggers
targeted to elicit positive or negative emotions while researchers used functional magnetic
resonance imaging (fMRI) to measure areas of elevated activity in the brain [31]. Images
were obtained from catatonic patients after their treatment with 1 mg lorazepam and
placebo, respectively. Images under the same conditions were also performed in healthy
individuals [31]. Regions of interest (ROIs) in the brain associated with Brodmann Areas
were configured, and the intensity of signals in each ROI was measured and compared
between groups [31]. When exposed to triggers that elicited negative emotions, fMRI scans
showed that catatonic patients experienced a greater decrease in neural activity in the
orbitofrontal cortex (OFC) relative to the healthy controls when administered lorazepam
rather than placebo [31]. These findings indicate that patients with catatonia may have
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abnormal function of the OFC and that cerebral GABA signaling may be diminished in
catatonic patients [31].

In a double-blind, placebo-controlled crossover study, patients who experienced
chronic symptoms of catatonia and who were diagnosed with schizophrenia were recruited
to help determine the efficacy of amineptine, a tricyclic antidepressant which also acts
as a mixed serotonin and dopamine reuptake inhibitor and releasing agent, in treating
catatonia in schizophrenic patients [72]. Amineptine has not been officially approved by
the FDA for use in the United States. Each patient was treated for six weeks with either
200 mg amineptine or placebo daily in addition to any medications prescribed before
the study began. They then received the alternative treatment for six weeks following
a wash-out period of 3 weeks [72]. Patients were psychiatrically evaluated using eight
clinical evaluation scales at weeks 0, 6, 9, and 15 [72]. In both patients with catatonic
schizophrenia and in healthy individuals, there was no significant decrease in score relative
to baseline on any of the clinical scales used when amineptine was administered instead of
placebo (p > 0.35) [72]. Disregarding a statistically significant but clinically insignificant
decrease in negative symptoms, amineptine was not found to effectively treat catatonic
symptoms in patients with schizophrenia [72]. These results suggest that the etiology of
catatonia in patients with schizophrenia and catatonic symptoms may not be due to altered
dopaminergic pathways [72].

Another double-blind, placebo-controlled crossover study was performed to evalu-
ate the efficacy of lorazepam in treating chronic catatonic symptoms in clinically stable
schizophrenic patients [73]. Patients were treated daily with 6 mg lorazepam or placebo,
and they were then administered the alternate treatment for six weeks following a wash-
out period of 4 weeks [73]. Each patient was evaluated for psychiatric symptoms using
12 clinical scales, including the BFCRS and the brief psychiatric rating scale (BPRS), at the
beginning of each respective treatment as well as at the third and sixth weeks of each
treatment [73]. A significant difference in average score was not observed between patients
who received lorazepam or placebo on any of the scales that were used (p > 0.05) [73].
There was no clinically significant relief of catatonic symptoms observed in patients who
received lorazepam relative to those who received placebo. Lorazepam has been found to
be an effective treatment in patients suffering from acute catatonia in previous studies but
was shown to be ineffective in treating chronic catatonic symptoms in this study [73–76].
This implies that patients with schizophrenia who suffer from chronic catatonia may have
a different pathophysiology associated with their catatonic symptoms than patients with
schizophrenia and acute catatonia [73].

5.2. Diagnosis

There are data suggesting that catatonia may be underdiagnosed in adolescent and
pediatric populations, which is possibly due to a lack of a universal method for diagnosing
a catatonic episode in young patients [77,78]. In a case–control study, researchers addressed
the lack of a tool to assess catatonia in adolescent and pediatric populations. In this study,
researchers developed the pediatric catatonia rating scale (PCRS) based on established
features of catatonia identified in the BFCRS and previous literature [79]. Differing from
the BFCRS, the PCRS excludes grimacing, agitation, or impulsivity as well as other signs
as components of a catatonic syndrome [79]. However, the PCRS includes six additional
components that the BFCRS lacks, such as word salad and incontinence [79]. The validity
and reliability of the PCRS were analyzed using 138 psychiatric patients [79]. The PCRS was
found to have an Area Under the Curve (AUC) for the Receiver Operating Characteristic
(ROC) of 0.983 with a sensitivity greater than or equal to 0.95 and a specificity of 1 [79]. The
PCRS was thus found to be an efficient screening tool for assessing catatonia in adolescent
and pediatric populations [79].

There has been a difference in time to treatment seen in acute catatonia and chronic
catatonia. An observational study was performed on 34 patients with catatonic symptoms
admitted to one hospital’s emergency department over a 2-year span [80]. Each patient
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was diagnosed by two psychiatrists as having symptoms of catatonia, examined for other
psychiatric symptoms, and then treated accordingly. [80]. Researchers also communicated
with members of each patient’s family to determine the length of time between the onset
of symptoms of catatonia and the time at which each patient was admitted to the emer-
gency department [80]. Patients were assigned to a grouping based on their underlying
symptoms; the four groups included individuals with schizophrenic disorders, neuroleptic-
induced disorders, mood disorders, and other pre-existing conditions [80]. A significant
difference in the lapse in time between the onset of catatonic symptoms and the date of
admittance to the emergency department was observed between each of the four groups
(p < 0.05) [80]. It was observed that patients who experienced acute catatonic syndrome
endured symptoms for less than 1.83 weeks on average before seeking treatment, while
those who experienced chronic catatonic syndrome endured the associated symptoms for
over 3.33 weeks on average before entering the emergency department [80]. These results
indicate that a distinction of having experienced symptoms for 2–3 weeks before seeking
treatment should be implicated to differentiate between patients experiencing chronic or
acute catatonic symptoms [80].

A prospective one-year study analyzed the symptoms and outcomes of patients
admitted to a psychiatric ward who were diagnosed with catatonia [81]. Throughout one
year, catatonia was diagnosed on 15 occasions across 12 patients [81]. On each occasion,
1–2 mg of lorazepam was administered to the catatonic patient, after which the patient’s
symptoms completely resolved in less than 2 h in 12 cases and partially resolved in
1 case [81]. This study’s findings suggest that for patients with catatonic episodes, the early
identification and administration of lorazepam may be beneficial to the patient’s prognosis
and may shorten the length of the patient’s hospitalization [81].

A trial was conducted to observe whether dopaminergic metabolites, Parkinsonian
motions, and anxiety could be used to predict how a patient with acute catatonia would
respond to short-term lorazepam administration [82]. Patients were treated with 2–4 mg of
lorazepam and were monitored for 24 h [82]. Measurements were taken immediately before
lorazepam administration and 24 h after administration [82]. Metabolic measurements
included serum homovanillic acid (HVA) and serum 3-methoxy-4-hydroxyphenylglycol
(MHPG); Parkinsonian motions were measured according to the Subjective Experiences
of Psychosis Scale (SEPS) and the Abnormal Involuntary Movement Scale (AIMS), and
anxiety was measured using the Hamilton Anxiety Scale (HAM-A) [82]. Before receiving
treatment, patients who responded to short-term lorazepam treatment showed significantly
increased serum HVA (p = 0.004), AIMS scores (p = 0.022), and HAM-A scores (p = 0.025)
and significantly decreased SEPS scores (p = 0.049) relative to patients who were non-
responsive [82]. These findings suggest that serum HVA, SEPS, AIMS, and HAM-A may
be useful in determining whether a patient with acute catatonia is more likely to respond
to short-term lorazepam treatment [82].

A cross-sectional study examined various associations as well as distinguished criteria
between schizophrenia and catatonia [79]. The study included 225 patients meeting DSM-4
criteria for schizophrenia and catatonic symptoms [79]. A total of 72 of the patients met
relatively more specific criteria adapted from the BFCRS for catatonia [79]. Three of the most
common relevant symptoms of those who met the criteria for catatonia included mutism,
grimacing, and portraying mannerisms [79]. It was observed that patients with more
severe catatonia were more likely to exhibit symptoms of catatonia earlier in life and have
relatively increased negative symptoms [79]. This study demonstrated that several scales,
including the BFCRS, SANS, BPRS, Clinical Global Impression (CGI), Global Assessment
Scale (GAS), and Nurses’ Observation Scale for Inpatient Evaluation (NOSIE (+)) can be
used to distinguish non-catatonic from catatonic patients with chronic schizophrenia [79].
These findings indicate that despite similarities in symptoms, catatonia can be identified
in patients independently from schizophrenia and is associated with a worse prognosis
relative to non-catatonic patients with chronic schizophrenia [79].
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5.3. Complications and Risk Factors

A case–control study was performed to identify risk factors associated with the
development of neuroleptic malignant syndrome (NMS) in patients who had catatonia [80].
A total of 12individuals who met criteria for NMS and 24 individuals without NMS
who were also treated with neuroleptics were included and compared in this study [80].
Previously hypothesized risk factors for NMS, such as elevated neuroleptic dose, were
assessed along with novel possible risk factors such as catatonia and disorganization [81].
Each patient was examined by psychiatrists who monitored for the presence of identified
potential risk factors for developing NMS [80]. Several statistically significant risk factors
for NMS were verified in this study; these risk factors included catatonia, disorganization,
and psychomotor agitation [80]. Behavioral risk factors identified in this study, including
catatonia, should be closely monitored clinically in patients receiving neuroleptics to avoid
the development of NMS [80].

5.4. Treatment

An open, cross-sectional study was performed in 16 African individuals ranging from
10 to 24 years of age to observe the therapeutic efficacy of lorazepam in treating catatonic
patients with nodding syndrome (NS), which was described as a neurological syndrome
characterized by episodes of repetitively dropping the head forward [80]. A variation
of the BFCRS was used to evaluate symptoms of catatonia in each patient with NS [80].
Catatonic symptoms with the greatest average scores in these patients included mutism,
grimacing, and stupor [80]. Patients were administered either 0.5 mg lorazepam or 1 mg
lorazepam, depending on whether their body weight was less than or greater than 30 kg,
respectively [80]. A reduction in a modified BFCRS score of greater than 50% was observed
in six patients [80]. A dose of 0.5 to 1 mg lorazepam was found to reduce symptoms
of catatonia in patients with NS in 13 of the 16 study participants [80]. Lorazepam was
found to be an effective treatment for catatonic symptoms in patients with NS in this study.
However, these findings may need to be replicated in larger-scale controlled experiments
to verify their external validity [80].

A double-blind crossover study was performed to compare how oxazepam and lo-
razepam affect mutism and psychomotor retardation in psychiatric patients [82]. Patients
were assessed for psychiatric symptoms and received a score of at least a 3 on the Bech–
Rafaelsen Melancholia Rating Scale (BRMRS) criteria of the BPRS pertaining to psychomo-
tor retardation on the first day of the study [82]. Patients were then randomly treated on
the second day with either 2 mg lorazepam or 60 mg oxazepam and were treated with the
opposite medication the following day [82]. Patients were assessed throughout each day for
symptoms of psychomotor retardation using the BRMRS criteria of the BPRS as well as the
100 mm Visual Analog Scale (VAS) [82]. After the first day of treatment, 57% of the patients
who received lorazepam first and 60% of the patients who received oxazepam first had
an average improvement of at least 50% in their psychomotor retardation symptoms [82].
This study’s findings show that 3-hydroxybenzodiazepines, including both lorazepam and
oxazepam, can effectively treat symptoms of catatonia. These findings also suggest that
the effects of both lorazepam and oxazepam in the treatment of catatonia are facilitated by
3-hydroxybenzodiazepines binding to benzodiazepine receptors [82]. Table 1 summarizes
the studies discussed in this section.

6. Conclusions

Catatonia is a complex condition with varying presentations and that is associated
with multiple disorders, which can make recognition, diagnosis, and treatment a challeng-
ing process for healthcare professionals. Catatonic symptoms are often associated with
various psychological and neurological disorders, including schizophrenia, neuroleptic
malignant syndrome, and nodding syndrome. Patients with any of the symptoms of
catatonia should be further evaluated for a catatonic syndrome secondary to their medical
condition or independently of a psychiatric diagnosis. Although the etiology of catatonia
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is still unknown, diminished GABA signaling and abnormal OFC stimulation have been
implicated in its pathophysiology.

The onset of catatonic symptoms and the presence of certain risk factors, such as
elevated serum HVA, may help to predict whether a patient will respond to lorazepam.
Benzodiazepines, specifically lorazepam, and ECT have been observed to be effective
in treating acute catatonic symptoms associated with various mental disorders in both
pediatric and adult populations. Early treatment of catatonia can reduce the risk of patients
developing complications.

Author Contributions: A.N.E., C.G.V., C.A.K. and G.W.M. were involved in the writing of the
manuscript. A.N.E., S.E.K., J.W.H., E.M.C., A.D.K. and A.M.K. were involved in manuscript editing.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to no human subjects being involved.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data supporting the results above can be found on PubMed.

Conflicts of Interest: None of the authors have any conflict of interest to report in this project.

References
1. Tandon, R.; Heckers, S.; Bustillo, J.; Barch, D.M.; Gaebel, W.; Gur, R.E.; Malaspina, D.; Owen, M.J.; Schultz, S.; Tsuang, M.; et al.

Catatonia in DSM-5. Schizophr. Res. 2013, 150, 26–30. [CrossRef] [PubMed]
2. Fink, M. Rediscovering catatonia: The biography of a treatable syndrome. Acta Psychiatr. Scand. 2013, 127, 1–47. [CrossRef]
3. Fink, M.; Shorter, E.; Taylor, M.A. Catatonia Is not Schizophrenia: Kraepelin’s Error and the Need to Recognize Catatonia as an

Independent Syndrome in Medical Nomenclature. Schizophr. Bull. 2009, 36, 314–320. [CrossRef]
4. A Novac, A.; Bota, D.; Witkowski, J.; Lipiz, J.; Bota, R.G. Special Medical Conditions Associated with Catatonia in the Internal

Medicine Setting: Hyponatremia-Inducing Psychosis and Subsequent Catatonia. Perm. J. 2014, 18, 78–81. [CrossRef] [PubMed]
5. de Figueiredo, N.S.V.; Angst, D.B.M.; Lima Neto A de, M.; Machado, M.F.; Rocha, M.S.G.; Brucki, S.M.D. Catatonia, beyond a

psychiatric syndrome. Dement. Neuropsychol. 2017, 11, 209–212. [CrossRef] [PubMed]
6. Tatreau, J.R.; Laughon, S.L.; Kozlowski, T. Catatonia after Liver Transplantation. Ann Transplant. 2018, 23, 608–614. [CrossRef]
7. Lander, M.; Bastiampillai, T.; Sareen, J. Review of withdrawal catatonia: What does this reveal about clozapine? Transl. Psychiatry

2018, 8, 139. [CrossRef] [PubMed]
8. Remberk, B.; Szostakiewicz, Ł.; Kałwa, A.; Bogucka-Bonikowska, A.; Borowska, A.; Racicka, E. What exactly is catatonia in

children and adolescents? Psychiatr. Polska 2020, 54, 759–775. [CrossRef]
9. Fink, M.; Taylor, M.A. The Catatonia Syndrome: Forgotten but Not Gone. Arch. Gen. Psychiatry 2009, 66, 1173. [CrossRef]
10. Serra-Mestres, J.; Jaimes-Albornoz, W. Recognizing Catatonia in Medically Hospitalized Older Adults: Why It Matters. Geriatrics

2018, 3, 37. [CrossRef]
11. Brar, K.; Kaushik, S.S.; Lippmann, S. Catatonia Update. Prim Care Companion CNS Disord 2017, 19. [CrossRef]
12. Bhati, M.T.; Datto, C.J.; O’Reardon, J.P. Clinical Manifestations, Diagnosis, and Empirical Treatments for Catatonia. Psychiatry

Edgmont Townsh 2007, 4, 46–52.
13. Northoff, G.; Wenke, J.; Pflug, B. Increase of serum creatine phosphokinase in catatonia: An investigation in 32 acute catatonic

patients. Psychol. Med. 1996, 26, 547–553. [CrossRef]
14. Ghaffarinejad, A.R.; Sadeghi, M.M.; Estilaee, F.; Zokaee, Z. Periodic catatonia. Challenging diagnosis for psychiatrists. Neurosci

Riyadh Saudi Arab. 2012, 17, 156–158.
15. Guzman, C.S.; Myung, V.H.M.; Wang, Y.P. Treatment of periodic catatonia with atypical antipsychotic, olanzapine. Psychiatry

Clin. Neurosci. 2008, 62, 482. [CrossRef]
16. Solmi, M.; Pigato, G.G.; Roiter, B.; Guaglianone, A.; Martini, L.; Fornaro, M.; Monaco, F.; Carvalho, A.F.; Stubbs, B.;

Veronese, N.; et al. Prevalence of Catatonia and Its Moderators in Clinical Samples: Results from a Meta-analysis and
Meta-regression Analysis. Schizophr. Bull. 2018, 44, 1133–1150. [CrossRef]

17. Stompe, T.; Ortwein-Swoboda, G.; Ritter, K.; Schanda, H.; Friedmann, A. Are we witnessing the disappearance of catatonic
schizophrenia? Compr. Psychiatry 2002, 43, 167–174. [CrossRef]

18. Oldham, M.A. The Probability That Catatonia in the Hospital has a Medical Cause and the Relative Proportions of Its Causes:
A Systematic Review. Psychosomatics 2018, 59, 333–340. [CrossRef] [PubMed]

19. Rogers, J.; A Pollak, T.; Blackman, G.; David, A. Catatonia and the immune system: A review. Lancet Psychiatry 2019, 6, 620–630.
[CrossRef]

http://doi.org/10.1016/j.schres.2013.04.034
http://www.ncbi.nlm.nih.gov/pubmed/23806583
http://doi.org/10.1111/acps.12038
http://doi.org/10.1093/schbul/sbp059
http://doi.org/10.7812/TPP/13-143
http://www.ncbi.nlm.nih.gov/pubmed/25102520
http://doi.org/10.1590/1980-57642016dn11-020015
http://www.ncbi.nlm.nih.gov/pubmed/29213514
http://doi.org/10.12659/AOT.910298
http://doi.org/10.1038/s41398-018-0192-9
http://www.ncbi.nlm.nih.gov/pubmed/30065280
http://doi.org/10.12740/PP/113013
http://doi.org/10.1001/archgenpsychiatry.2009.141
http://doi.org/10.3390/geriatrics3030037
http://doi.org/10.4088/PCC.16br02023
http://doi.org/10.1017/S0033291700035625
http://doi.org/10.1111/j.1440-1819.2008.01819.x
http://doi.org/10.1093/schbul/sbx157
http://doi.org/10.1053/comp.2002.32352
http://doi.org/10.1016/j.psym.2018.04.001
http://www.ncbi.nlm.nih.gov/pubmed/29776679
http://doi.org/10.1016/S2215-0366(19)30190-7


Neurol. Int. 2021, 13 584

20. Haouzir, S.; Lemoine, X.; Desbordes, M.; Follet, M.; Meunier, C.; Baarir, Z.; Allio, G.; Menard, J.-F.; Briant, L.; Jouen, F.; et al.
The role of coagulation marker fibrin D-dimer in early diagnosis of catatonia. Psychiatry Res. 2009, 168, 78–85. [CrossRef]

21. Moskowitz, A.K. “Scared Stiff”: Catatonia as an Evolutionary-Based Fear Response. Psychol. Rev. 2004, 111, 984–1002. [CrossRef]
[PubMed]

22. Cuevas-Esteban, J.; Iglesias-González, M.; Serra-Mestres, J.; Butjosa, A.; Canal-Rivero, M.; Serrano-Blanco, A.; Baladon, L.
Catatonia in Elderly Psychiatric Inpatients Is Not Always Associated with Intense Anxiety: Factor Analysis and Correlation with
Psychopathology. Int. J. Geriatr. Psychiatry 2020, 35, 1409–1417. Available online: https://onlinelibrary.wiley.com/doi/abs/10.1
002/gps.5382 (accessed on 21 September 2021). [CrossRef] [PubMed]

23. Hirjak, D.; Thomann, P.A.; Kubera, K.M.; Wolf, N.D.; Sambataro, F.; Wolf, R.C. Motor dysfunction within the schizophrenia-
spectrum: A dimensional step towards an underappreciated domain. Schizophr. Res. 2015, 169, 217–233. [CrossRef] [PubMed]

24. Walther, S.; Stegmayer, K.; Wilson, J.E.; Heckers, S. Structure and neural mechanisms of catatonia. Lancet Psychiatry 2019,
6, 610–619. [CrossRef]

25. A Mittal, V.; A Bernard, J.; Northoff, G. What Can Different Motor Circuits Tell Us About Psychosis? An RDoC Perspective.
Schizophr. Bull. 2017, 43, 949–955. [CrossRef] [PubMed]

26. Foucher, J.R.; Zhang, Y.F.; Roser, M.; Lamy, J.; De Sousa, P.L.; Weibel, S.; Vidailhet, P.; Mainberger, O.; Berna, F. A double
dissociation between two psychotic phenotypes: Periodic catatonia and cataphasia. Prog. Neuropsychopharmacol. Biol. Psychiatry
2018, 86, 363–369. [CrossRef]

27. Walther, S.; Schäppi, L.; Federspiel, A.; Bohlhalter, S.; Wiest, R.; Strik, W.; Stegmayer, K. Resting-State Hyperperfusion of the
Supplementary Motor Area in Catatonia. Schizophr. Bull. 2016, 43, 972–981. [CrossRef] [PubMed]

28. Iseki, K.; Ikeda, A.; Kihara, T.; Kawamoto, Y.; Mezaki, T.; Hanakawa, T.; Hashikawa, K.; Fukuyama, H.; Shibasaki, H. Impairment
of the cortical GABAergic inhibitory system in catatonic stupor: A case report with neuroimaging. Epileptic Disord 2009,
11, 126–131. [CrossRef]

29. De Tiege, X. Regional cerebral glucose metabolism in akinetic catatonia and after remission. J. Neurol. Neurosurg. Psychiatry 2003,
74, 1003–1004. [CrossRef]

30. Northoff, G.; Steinke, R.; Czcervenka, C.; Krause, R.; Ulrich, S.; Danos, P.; Kropf, D.; Otto, H.; Bogerts, B. Decreased density of
GABA-A receptors in the left sensorimotor cortex in akinetic catatonia: Investigation of in vivo benzodiazepine receptor binding.
J. Neurol. Neurosurg. Psychiatry 1999, 67, 445–450. [CrossRef]

31. Richter, A.; Grimm, S.; Northoff, G. Lorazepam modulates orbitofrontal signal changes during emotional processing in catatonia.
Hum. Psychopharmacol. Clin. Exp. 2010, 25, 55–62. [CrossRef]

32. Northoff, G.; Kötter, R.; Baumgart, F.; Danos, P.; Boeker, H.; Kaulisch, T.; Schlagenhauf, F.; Walter, H.; Heinzel, A.; Witzel, T.; et al.
Orbitofrontal Cortical Dysfunction in Akinetic Catatonia: A Functional Magnetic Resonance Imaging Study During Negative
Emotional Stimulation. Schizophr. Bull. 2004, 30, 405–427. [CrossRef]

33. Northoff, G. What catatonia can tell us about “top-down modulation”: A neuropsychiatric hypothesis. Behav. Brain Sci. 2002,
25, 555–577; discussion 578–604. [CrossRef]

34. Hughes, E.; Peng, X.; Gleichman, A.J.; Lai, M.; Zhou, L.; Tsou, R.; Parsons, T.D.; Lynch, D.R.; Dalmau, J.; Balice-Gordon, R.J.
Cellular and Synaptic Mechanisms of Anti-NMDA Receptor Encephalitis. J. Neurosci. 2010, 30, 5866–5875. [CrossRef]

35. Jezequel, J.; Johansson, E.; Dupuis, J.P.; Rogemond, V.; Gréa, H.; Kellermayer, B.; Hamdani, N.; Le Guen, E.; Rabu, C.;
Lepleux, M.; et al. Dynamic disorganization of synaptic NMDA receptors triggered by autoantibodies from psychotic patients.
Nat. Commun. 2017, 8, 1791. [CrossRef]

36. Lloyd, J.R.; Silverman, E.R.; Kugler, J.L.; Cooper, J.J. Electroconvulsive Therapy for Patients with Catatonia: Current Perspectives.
Neuropsychiatr. Dis. Treat. 2020, 16, 2191–2208. [CrossRef]

37. Neuropsychiatry of Catatonia: Clinical Implications Psychiatric Times. Available online: https://www.psychiatrictimes.com/
view/neuropsychiatry-catatonia-clinical-implications (accessed on 19 October 2021).

38. Selch, S.; Strobel, A.; Haderlein, J.; Meyer, J.; Jacob, C.P.; Schmitt, A.; Lesch, K.-P.; Reif, A. MLC1 Polymorphisms Are Specifically
Associated with Periodic Catatonia, a Subgroup of Chronic Schizophrenia. Biol. Psychiatry 2007, 61, 1211–1214. [CrossRef]

39. Peralta, V.; Fañanás, L.; Martín-Reyes, M.; Cuesta, M.J. Dissecting the catatonia phenotype in psychotic and mood disorders on
the basis of familial-genetic factors. Schizophr. Res. 2018, 200, 20–25. [CrossRef]

40. Hagemeyer, N.; Goebbels, S.; Papiol, S.; Kästner, A.; Hofer, S.; Begemann, M.; Gerwig, U.C.; Boretius, S.; Wieser, G.L.;
Ronnenberg, A.; et al. A myelin gene causative of a catatonia-depression syndrome upon aging. EMBO Mol. Med. 2012,
4, 528–539. [CrossRef]

41. Janova, H.; Arinrad, S.; Balmuth, E.; Mitjans, M.; Hertel, J.; Habes, M.; Bittner, R.A.; Pan, H.; Goebbels, S.; Begemann, M.; et al.
Microglia ablation alleviates myelin-associated catatonic signs in mice. J. Clin. Investig. 2017, 128, 734–745. [CrossRef]

42. American Psychiatric Association. Schizophrenia Spectrum and Other Psychotic Disorders. Diagnostic and Statistical Manual
of Mental Disorders, 5th ed.; American Psychiatric Association: Washington, DC, USA, 2013. (DSM Library). Available online:
https://dsm.psychiatryonline.org/doi/full/10.1176/appi.books.9780890425596.dsm02 (accessed on 12 June 2021).

43. Peralta, V.; Campos, M.S.; de Jalon, E.G.; Cuesta, M.J. DSM-IV catatonia signs and criteria in first-episode, drug-naive, psychotic
patients: Psychometric validity and response to antipsychotic medication. Schizophr. Res. 2010, 118, 168–175. [CrossRef]

44. Bush, G.; Fink, M.; Petrides, G.; Dowling, F.; Francis, A. Catatonia. I. Rating scale and standardized examination. Acta Psychiatr.
Scand. 1996, 93, 129–136. [CrossRef]

http://doi.org/10.1016/j.psychres.2008.02.004
http://doi.org/10.1037/0033-295X.111.4.984
http://www.ncbi.nlm.nih.gov/pubmed/15482070
https://onlinelibrary.wiley.com/doi/abs/10.1002/gps.5382
https://onlinelibrary.wiley.com/doi/abs/10.1002/gps.5382
http://doi.org/10.1002/gps.5382
http://www.ncbi.nlm.nih.gov/pubmed/32748453
http://doi.org/10.1016/j.schres.2015.10.022
http://www.ncbi.nlm.nih.gov/pubmed/26547881
http://doi.org/10.1016/S2215-0366(18)30474-7
http://doi.org/10.1093/schbul/sbx087
http://www.ncbi.nlm.nih.gov/pubmed/28911048
http://doi.org/10.1016/j.pnpbp.2018.03.008
http://doi.org/10.1093/schbul/sbw140
http://www.ncbi.nlm.nih.gov/pubmed/27729486
http://doi.org/10.1684/epd.2009.0257
http://doi.org/10.1136/jnnp.74.7.1003
http://doi.org/10.1136/jnnp.67.4.445
http://doi.org/10.1002/hup.1084
http://doi.org/10.1093/oxfordjournals.schbul.a007088
http://doi.org/10.1017/S0140525X02000109
http://doi.org/10.1523/JNEUROSCI.0167-10.2010
http://doi.org/10.1038/s41467-017-01700-3
http://doi.org/10.2147/NDT.S231573
https://www.psychiatrictimes.com/view/neuropsychiatry-catatonia-clinical-implications
https://www.psychiatrictimes.com/view/neuropsychiatry-catatonia-clinical-implications
http://doi.org/10.1016/j.biopsych.2006.08.030
http://doi.org/10.1016/j.schres.2017.09.013
http://doi.org/10.1002/emmm.201200230
http://doi.org/10.1172/JCI97032
https://dsm.psychiatryonline.org/doi/full/10.1176/appi.books.9780890425596.dsm02
http://doi.org/10.1016/j.schres.2009.12.023
http://doi.org/10.1111/j.1600-0447.1996.tb09814.x


Neurol. Int. 2021, 13 585

45. A Rasmussen, S.; Mazurek, M.F.; I Rosebush, P. Catatonia: Our current understanding of its diagnosis, treatment and pathophysi-
ology. World J. Psychiatry 2016, 6, 391–398. [CrossRef] [PubMed]

46. Brown, M.; Freeman, S. Clonazepam Withdrawal-Induced Catatonia. J. Psychosom. Res. 2009, 50, 289–292. [CrossRef]
47. Puentes, R.; Brenzel, A.; De Leon, J. Pulmonary Embolism during Stuporous Episodes of Catatonia Was Found to Be the Most Frequent

Cause of Preventable Death According to a State Mortality Review: 6 Deaths in 15 Years. Clin. Schizophr. Relat. Psychoses 2017. [CrossRef]
48. Clinebell, K.; Azzam, P.N.; Gopalan, P.; Haskett, R. Guidelines for preventing common medical complications of catatonia:

Case report and literature review. J. Clin. Psychiatry 2014, 75, 644–651. [CrossRef] [PubMed]
49. Levenson, J.L. Medical aspects of catatonia. Prim. Psychiatry 2009, 16, 23–26.
50. Worku, B.; Fekadu, A. Symptom profile and short term outcome of catatonia: An exploratory clinical study. BMC Psychiatry 2015,

15, 164. [CrossRef] [PubMed]
51. Francis, A. Catatonia: Diagnosis, Classification, and Treatment. Curr. Psychiatry Rep. 2010, 12, 180–185. [CrossRef]
52. Mader, J.E.C.; Rathore, S.H.; England, J.D.; Branch, L.A.; Copeland, B.J. Benzodiazepine Withdrawal Catatonia, Delirium,

and Seizures in a Patient With Schizoaffective Disorder. J. Investig. Med. High Impact Case Rep. 2020, 8. [CrossRef]
53. Lin, C.-C.; Hung, Y.-Y.; Tsai, M.-C.; Huang, T.-L. The Lorazepam and Diazepam Protocol for Catatonia Due to General Medical

Condition and Substance in Liaison Psychiatry. PLoS ONE 2017, 12, e0170452. [CrossRef] [PubMed]
54. Esienaert, P.; Dhossche, D.M.; Evancampfort, D.; Hert, M.E.; Gazdag, G. A Clinical Review of the Treatment of Catatonia.

Front. Psychiatry 2014, 5, 181. [CrossRef]
55. Unal, A.; Altindag, A.; Demir, B.; Aksoy, I. The Use of Lorazepam and Electroconvulsive Therapy in the Treatment of Catatonia:

Treatment Characteristics and Outcomes in 60 Patients. J. ECT 2017, 33, 290–293. [CrossRef]
56. Salik, I.; Marwaha, R. Electroconvulsive Therapy. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2020. Available

online: https://www.ncbi.nlm.nih.gov/books/NBK538266/ (accessed on 12 June 2021).
57. Porter, R.J.; Baune, B.T.; Morris, G.; Hamilton, A.; Bassett, D.; Boyce, P.; Hopwood, M.J.; Mulder, R.; Parker, G.; Singh, A.B.; et al.

Cognitive side-effects of electroconvulsive therapy: What are they, how to monitor them and what to tell patients. BJPsych Open
2020, 6, e40. [CrossRef]

58. Stöber, G.; Saar, K.; Rüschendorf, F.; Meyer, J.; Nürnberg, G.; Jatzke, S.; Franzek, E.; Reis, A.; Lesch, K.-P.; Wienke, T.F.; et al.
Splitting Schizophrenia: Periodic Catatonia–Susceptibility Locus on Chromosome 15q15. Am. J. Hum. Genet. 2000, 67, 1201–1207.
[CrossRef]

59. Petersen, J.Z.; Miskowiak, K.W. Cognitive side effects of electroconvulsive therapy. Ugeskr. laeger 2018, 180.
60. Margittai, Z.; Yardimci, T.; Marin, D.; Kamp, D.; Cordes, J.; Kujovic, M. Cognitive deficits associated with electroconvulsive

therapy for depression: Moderating factors and neuropsychological tests. Fortschr. Neurol. Psychiatr. 2018, 86, 690–698.
61. Kellner, C.H.; Obbels, J.; Sienaert, P. When to consider electroconvulsive therapy (ECT). Acta Psychiatr. Scand. 2020, 141, 304–315.

[CrossRef]
62. Stip, E.; Blain-Juste, M.-E.; Farmer, O.; Fournier-Gosselin, M.-P.; Lespérance, P. Catatonia with schizophrenia: From ECT to rTMS.

L’Encéphale 2018, 44, 183–187. [CrossRef] [PubMed]
63. Plevin, D.; Mohan, T.; Bastiampillai, T. The role of the GABAergic system in catatonia—Insights from clozapine and benzodi-

azepines. Asian J. Psychiatry 2018, 32, 145–146. [CrossRef]
64. Zisselman, M.H.; Jaffe, R.L. ECT in the Treatment of a Patient With Catatonia: Consent and Complications. Am. J. Psychiatry 2010,

167, 127–132. [CrossRef] [PubMed]
65. Consoli, A.; Benmiloud, M.; Wachtel, L.; Dhossche, D.; Cohen, D.; Bonnot, O. Electroconvulsive therapy in adolescents with the

catatonia syndrome: Efficacy and ethics. J. ECT 2010, 26, 259–265. [CrossRef] [PubMed]
66. Tang, V.M.; Park, H. Brief episodes of non-specific psychosis later diagnosed as periodic catatonia. BMJ Case Rep. 2016, 2016.

[CrossRef]
67. Fink, M.; Taylor, M.A. The many varieties of catatonia. Eur. Arch. Psychiatry Clin. Neurosci. 2001, 251 (Suppl. 1), I8–I13. [CrossRef]
68. Ohi, K.; Kuwata, A.; Shimada, T.; Yasuyama, T.; Nitta, Y.; Uehara, T.; Kawasaki, Y. Response to benzodiazepines and the clinical

course in malignant catatonia associated with schizophrenia: A case report. Medicine 2017, 96, e6566. [CrossRef]
69. Ungvari, G.S. Amineptine treatment of persistent catatonic symptoms in schizophrenia: A controlled study. Neuropsychopharmacol.

Hung. 2010, 12.
70. Ungvari, G.S.; Chiu, H.F.K.; Chow, L.Y.; Lau, B.S.T.; Tang, W.K. Lorazepam for chronic catatonia: A randomized, double-blind,

placebo-controlled cross-over study. Psychopharmacol. 1999, 142, 393–398. [CrossRef]
71. Fricchione, G.L.; Cassem, N.H.; Hooberman, D.; Hobson, D. Intravenous lorazepam in neuroleptic-induced catatonia. J. Clin.

Psychopharmacol. 1983, 3. [CrossRef]
72. Coffey, M.J. Catatonia and Encephalopathy Associated With Paliperidone Palmitate. J. Clin. Psychopharmacol. 2012, 32, 284–285.

[CrossRef]
73. Yassa, R.; Iskandar, H.; Lalinec, M.; Cleto, L. Lorazepam as an Adjunct in the Treatment of Catatonic States: An Open Clinical

Trial. J. Clin. Psychopharmacol. 1990, 10, 66–67. [CrossRef]
74. Cohen, D.; Flament, M.; Dubos, P.-F.; Basquin, M. Case Series: Catatonic Syndrome in Young People. J. Am. Acad. Child Adolesc.

Psychiatry 1999, 38, 1040–1046. [CrossRef]
75. Benarous, X.; Consoli, A.; Raffin, M.; Bodeau, N.; Giannitelli, M.; Cohen, D.; Olliac, B. Validation of the Pediatric Catatonia Rating

Scale (PCRS). Schizophr. Res. 2016, 176, 378–386. [CrossRef]

http://doi.org/10.5498/wjp.v6.i4.391
http://www.ncbi.nlm.nih.gov/pubmed/28078203
http://doi.org/10.1176/appi.psy.50.3.289
http://doi.org/10.3371/CSRP.RPAB.071317
http://doi.org/10.4088/JCP.13r08870
http://www.ncbi.nlm.nih.gov/pubmed/25004188
http://doi.org/10.1186/s12888-015-0554-2
http://www.ncbi.nlm.nih.gov/pubmed/26198581
http://doi.org/10.1007/s11920-010-0113-y
http://doi.org/10.1177/2324709620969498
http://doi.org/10.1371/journal.pone.0170452
http://www.ncbi.nlm.nih.gov/pubmed/28114315
http://doi.org/10.3389/fpsyt.2014.00181
http://doi.org/10.1097/YCT.0000000000000433
https://www.ncbi.nlm.nih.gov/books/NBK538266/
http://doi.org/10.1192/bjo.2020.17
http://doi.org/10.1086/321183
http://doi.org/10.1111/acps.13134
http://doi.org/10.1016/j.encep.2017.09.008
http://www.ncbi.nlm.nih.gov/pubmed/29241672
http://doi.org/10.1016/j.ajp.2017.12.008
http://doi.org/10.1176/appi.ajp.2009.09050703
http://www.ncbi.nlm.nih.gov/pubmed/20123920
http://doi.org/10.1097/YCT.0b013e3181fb3924
http://www.ncbi.nlm.nih.gov/pubmed/21099377
http://doi.org/10.1136/bcr-2016-218178
http://doi.org/10.1007/PL00014200
http://doi.org/10.1097/MD.0000000000006566
http://doi.org/10.1007/s002130050904
http://doi.org/10.1097/00004714-198312000-00002
http://doi.org/10.1097/JCP.0b013e31824b1b0c
http://doi.org/10.1097/00004714-199002000-00024
http://doi.org/10.1097/00004583-199908000-00021
http://doi.org/10.1016/j.schres.2016.06.020


Neurol. Int. 2021, 13 586

76. Huang, T.; Ree, S.; Huang, Y.; Liu, H.; Yang, Y. Catatonic features: Differential diagnosis and treatments at an emergency unit.
Psychiatry Clin. Neurosci. 1999, 53, 63–66. [CrossRef]

77. I Rosebush, P.; Hildebrand, A.M.; Furlong, B.G.; Mazurek, M.F. Catatonic syndrome in a general psychiatric inpatient population:
Frequency, clinical presentation, and response to lorazepam. J. Clin. Psychiatry 1990, 51, 357–362.

78. Northoff, G.; Wenke, J.; Demisch, L.; Eckert, J.; Gille, B.; Pflug, B. Catatonia: Short-term response to lorazepam and dopaminergic
metabolism. Psychopharmacology 1995, 122, 182–186. [CrossRef]

79. Ungvari, G.S.; Leung, S.K.; Ng, F.S.; Cheung, H.-K.; Leung, T. Schizophrenia with prominent catatonic features (‘catatonic
schizophrenia’): I. Demographic and clinical correlates in the chronic phase. Prog. Neuropsychopharmacol. Biol. Psychiatry 2005,
29, 27–38. [CrossRef]

80. Berardi, D.; Amore, M.; E Keck, P.; Troia, M.; Dell’Atti, M. Clinical and pharmacologic risk factors for neuroleptic malignant
syndrome: A case–control study. Biol. Psychiatry 1998, 44, 748–754. [CrossRef]

81. Kakooza-Mwesige, A.; Dhossche, D.M.; Idro, R.; Akena, D.; Nalugya, J.; Opar, B.T. Catatonia in Ugandan children with nodding
syndrome and effects of treatment with lorazepam: A pilot study. BMC Res. Notes 2015, 8, 825. [CrossRef]

82. Schmider, J.; Standhart, H.; Deuschle, M.; Drancoli, J.; Heuser, I. A double-blind comparison of lorazepam and oxazepam in
psychomotor retardation and mutism. Biol. Psychiatry 1999, 46, 437–441. [CrossRef]

http://doi.org/10.1046/j.1440-1819.1999.00472.x
http://doi.org/10.1007/BF02246093
http://doi.org/10.1016/j.pnpbp.2004.08.007
http://doi.org/10.1016/S0006-3223(97)00530-1
http://doi.org/10.1186/s13104-015-1805-5
http://doi.org/10.1016/S0006-3223(98)00312-6

	Catatonia: Clinical overview of the diagnosis, treatment, and clinical challenges
	Recommended Citation
	Authors

	Introduction 
	Catatonia Causes, Presentation, and Pathophysiology 
	Types of Catatonia 
	Causes 
	Pathophysiology 
	Presentation 

	Catatonia Current Treatment 
	Clinical Challenges 
	Clinical Studies 
	Pathophysiology 
	Diagnosis 
	Complications and Risk Factors 
	Treatment 

	Conclusions 
	References

