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Patient Vignette

A 27-year-old female with bipolar disorder had been off psychiatric medications for
6 months. One week prior to admission, she developed elevated mood, pressured
speech, and flight of ideas. She grew markedly agitated, talked constantly, paced
relentlessly, and refused food or drink. On admission, she was confused and
intensely hyperactive with periods of hostile verbal outbursts and responded to
auditory hallucinations. She exhibited muscular rigidity, posturing, echolalia, and
echopraxia. Temperature was 39 °C with tachycardia, tachypnea, profuse diaphore-
sis, and blood pressure of 170/120 mm Hg. Laboratory abnormalities showed leu-
kocytosis and elevation in creatinine phosphokinase (CK). Lumbar puncture, EEG,
and CT scan of the head were normal. Over the next 24 h, she lapsed into stupor
with increased rigidity and a fever of 40.2 °C. The diagnosis of malignant catatonia
associated with a manic episode was made and electroconvulsive therapy (ECT)
initiated. Body temperature and other vital signs returned to normal after the first
bilateral ECT treatment. She received one bilateral ECT treatment daily for the next
5 days with three more over the next week with marked improvement in all
symptoms.
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Introduction

Catatonia is a syndrome of striking motor and behavioral abnormalities that may
occur in association with diverse neuromedical, drug-induced, and psychiatric ill-
nesses. Furthermore, catatonia may be conceptualized as a continuum, with milder
forms at one end (termed simple or benign) and more severe forms, involving hyper-
thermia and autonomic dysfunction (termed malignant), at the other [1]. In 1934,
Stauder [2] described lethal catatonia characterized by extreme motor excitement
followed by stuporous exhaustion, coma, cardiovascular collapse, and death. The
entire course involved progressive hyperthermia, autonomic dysfunction, clouding
of consciousness, and prominent catatonic features. In cases ending in death, the
paucity of findings was puzzling and in sharp contrast to the catastrophic clinical
manifestations. In fact, this disorder had been discussed previously by Calmeil
(1832) [3] and Bell (1849) [4] and was the subject of numerous North American and
foreign publications during the pre-antipsychotic drug era. Other names used to
describe this same disorder included Bell’s mania, acute delirious mania, delirium
acutum, delire aigu, psychotic exhaustion syndrome, and Scheid’s cyanotic syn-
drome, among others [5-8]. More recently, stressing that not all cases are fatal,
Philbrick and Rummans [1] have promulgated the term malignant catatonia (MC).

In this chapter, we review the historical and modern world literature on MC. On
the basis of this review, we conclude that MC represents a currently under-recognized
but potentially fatal neuropsychiatric disorder. Our data indicate that MC, like
benign catatonia, represents a syndrome rather than a specific disease that may
occur in association with diverse neuromedical illnesses as well as with psychiatric
disorders. Current data suggest that a substantial proportion of MC cases previously
attributed to schizophrenia were more likely linked to autoimmune encephalitis,
particularly anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis [9].
Neuroleptic malignant syndrome (NMS), a life-threatening complication of anti-
psychotic drug treatment [6, 10], may be viewed as an antipsychotic drug-induced
toxic or iatrogenic subtype of MC. The hypothesis that simple catatonia, MC, and
NMS share a common pathophysiology involving reduced dopaminergic neuro-
transmission within the basal ganglia-thalamocortical circuits underscores their
identity as variants of a larger unitary catatonic syndrome. Recognition of the clini-
cal features of MC and an appreciation of its diverse etiologies are essential for the
effective management of patients who develop this catastrophic reaction.

Clinical Presentation: Pre-antipsychotic Drug Era

Despite the diversity of nomenclature, there is considerable consistency to early
accounts of MC [5-8]. A prodromal phase was observed in most but not all cases,
lasting an average of 2 weeks, and involved insomnia, anorexia, and labile mood. In
roughly 90% of cases, the disease proper began with a phase of intense motor
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excitement that then continued almost without interruption (as exemplified by the
Patient Vignette). Features of this excited phase included refusal of foods and fluids,
clouding of consciousness, tachycardia, tachypnea, cyanosis, labile or elevated
blood pressure, and profuse perspiration. Acrocyanosis and spontaneous hemato-
mas of the skin were frequently noted. At times, excitement might be interrupted by
periods of catatonic stupor and rigidity. Other catatonic signs, such as mutism, cata-
lepsy, posturing, echolalia, and echopraxia were often present. Thought processes
became increasingly disorganized and speech grew progressively incoherent.
Auditory and visual hallucinations accompanied by bizarre delusions were fre-
quently prominent.

In this “classic” excited phase of MC, excitement was always associated with
hyperthermia that could attain levels approaching 43.3 °C prior to the final stupor-
ous phase of MC. This presentation differs phenomenologically from NMS in that
although NMS is often preceded by a period of hyperactivity, hyperthermia first
emerges concomitantly with, or shortly after, the onset of stupor and rigidity. The
excited phase of MC was noted to vary in duration but lasted an average of
8 days [11].

In the final phase of MC, excitement gave way to stuporous exhaustion and
extreme hyperthermia, often followed by coma, cardiovascular collapse, and death
[5]. In all of Stauder’s 27 cases [2], rigidity of the skeletal muscles was described
during this terminal stupor, similar to that seen in NMS. Although other accounts of
MC echoed the findings of Stauder, some reports described flaccid muscles in con-
trast to NMS [6]. About 10% of cases reported during the pre-antipsychotic drug era
involved hyperthermia and a primarily stuporous course unassociated with a pre-
ceding hyperactive phase. During the pre-antipsychotic drug era, MC was reported
fatal in 75-100% of cases [5]. It was observed to occur predominantly in young
adults between the ages of 18 and 35 and involved women roughly seven times
more often than men. During this period, MC was estimated to account for
0.25-3.5% of admissions to psychiatric hospitals and occurred with equal frequency
throughout the seasons [5]. Stauder [2] and others reported findings consistent with
a familial pattern of occurrence.

Kraepelin [12], who called this disorder delirium acutum, considered it a non-
specific syndrome that could occur as an outgrowth of neuromedical illness as well
as the major psychoses. In contrast, most early French authors viewed MC as an
unusual but deadly form of encephalitis preferentially involving the hypothalamus
[13]. Subsequent to Stauder’s [2] publication, however, MC was increasingly seen
as confined to the major psychoses, although Stauder himself never fully dismissed
the possibility that some or all of his patients may have had encephalitis. Most
German and American authors emphasized lack of autopsy findings that could
account for death, with the CNS abnormalities reported by the French either uncon-
firmed or deemed trivial. Bronchopneumonia and other infections were considered
“opportunistic,” occurring in an already exhausted and compromised host.
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Contemporary Presentation

In 1986, we conducted a computerized search of the PubMed database and identi-
fied 292 MC cases reported between 1960 and 1985 [5]. In 2013 [8], we added 107
cases found in the literature between 1986 and 2010 and reported on the total 399
cases identified over a 50-year period. Since then, we have reviewed 105 cases pub-
lished between 2011 and 2020 [14—113], thus extending our series to 504 MC cases.
Most patients had received antipsychotic drugs at some point during their treatment.
All cases involved hyperthermia, since its presence is required for a diagnosis of MC.

Gender was specified in 450 of the full series of 504 MC cases; in 280 (62%) of
the cases, the patient was a female. This indicates that women continue to be dispro-
portionately affected, although the trend now appears somewhat moderated com-
pared to the pre-antipsychotic drug era. Mean age of occurrence was 32, compared
with 25 during the pre-antipsychotic drug era. Mortality, which had exceeded 75%
during the pre-antipsychotic drug era and was still at 60% between 1960 and 1985,
has fallen to 10% in cases reported between 1986 and 2020. This decline in mortal-
ity is striking and presumably reflects enhanced awareness of MC, early diagnosis,
and rapid institution of appropriate treatment. Nevertheless, MC continues to repre-
sent a potentially lethal disorder. MC has been estimated to occur in 0.07% of psy-
chiatric admissions or annually in 0.0004% of community adults [5].

Table 7.1 summarizes the clinical features of MC. Along with catatonic stupor
and hyperactivity, they have hyperthermia, altered consciousness, and autonomic
instability manifested by diaphoresis, tachycardia, labile or elevated blood pressure,
and varying degrees of cyanosis. Catatonic signs aside from stupor and excitement
continue to be noted. One large series [114] identified 62 patients with psychogenic
MC and reported that each exhibited at least three catatonic features. In our most

Table 7.1 Clinical features of malignant catatonia

Signs and symptoms
Hyperthermia
Catatonic excitement and/or stupor
Other catatonic features (e.g., mutism, negativism, catalepsy, posturing, echolalia,
echopraxia, and staring)
Muscular rigidity (variable)
Altered consciousness
Autonomic instability
Profuse diaphoresis
Tachycardia
Labile or elevated blood pressure
Tachypnea and cyanosis (variable)
Positive laboratory findings
Most consistent-CPK elevation, leukocytosis
Less consistent low serum iron levels, elevated serum creatinine, hyponatremia,
hypernatremia, dehydration, lymphocytic pleocytosis, EEG-generalized slowing, epileptic
activity, delta brush, MRI hyperintensities in cortical and subcortical brain regions
Outgrowth of diverse neuromedical, drug-induced, and psychiatric conditions

Copyright 2005, Humana Press Inc. (adapted from [7] with permission)
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recent 105 MC cases, muscle rigidity was present in 64 of the 79 (81%) cases in
which muscle tone was characterized. Among these recent cases, CK was elevated
in 41 of the 48 patients (85%) and leukocytosis was present in 19 of 35 (54%). A
reduction in serum iron, which has been associated with both MC and NMS [115],
was reported in the single case in which serum iron level was measured.

In 60 (15%) of the 399 MC cases reported during the 50-year period between
1960 and 2010 [8], a neuromedical illness was believed to have initiated the full
syndromic picture of MC. Infectious causes predominated, in particular, acute and
postinfectious viral encephalitis and bacterial septicemia with cerebrovascular dis-
orders, normal pressure hydrocephalus, and various metabolic and toxic disorders
accounting for additional cases. Two cases were associated with anti-NMDAR
encephalitis and two with paraneoplastic limbic encephalitis. This 15% figure for
organic MC was similar to that found in our previous reports [5-8], as well as in
surveys of simple or benign organic catatonia in general hospital settings [116].
During the 50-year period between 1960 and 2010, 339 (85%) of the 399 MC cases
reported were considered the outgrowth of a psychiatric disorder, diagnosed as
schizophrenia in 127 cases, mania in 22 cases, major depression in 31 cases, psy-
chotic disorder not otherwise specified in 22 cases, and “periodic catatonia” in
10 cases.

However, our most recent 105 MC cases reported during the nine years between
2011 and 2020 differ markedly in this regard. Eighty of 105 (76%) are now attrib-
uted to neuromedical illness whereas only 25 (24%) are associated with a psychiat-
ric disorder. Table 7.2 lists the causes associated with these 105 MC cases. Symptom
profiles and neurodiagnostic findings in these most recent cases contrast distinctly
with those of our earlier reports. For example, seizures, observed in only 14 of the
399 cases (3%) prior to 2010, were reported in 38 of the most recent 105 MC cases
(36%). Findings rarely seen in earlier cases included cerebrospinal fluid lympho-
cytic pleocytosis (27%), abnormalities on electroencephalography (slowing, epilep-
tic activity, and delta brush) (73%), and abnormalities on magnetic resonance
imaging (hyperintensities in cortical or subcortical brain regions) (18%).

Two principle factors appear to account for this recent inversion in the ratio of
neuromedical to psychiatric MC cases: a decline in cases attributed to schizophrenia
and a dramatic increase in cases due to autoimmune encephalitis, particularly
NMDAR encephalitis. A critical observation regarding MC cases seen as an out-
growth of schizophrenia is that 117 of the 127 cases reported between 1960 and
2010 appeared in the literature prior to 1985 [6]. Previously, we had cautioned that
the frequent association of MC with schizophrenia may be spurious, resulting from
a continued misconception that catatonic signs imply catatonic schizophrenia, a
view more prominent at that time [5]. Furthermore, although methodologic limita-
tions preclude a definitive answer, studies using consistent diagnostic criteria over
time support a true decrease in the incidence of benign or simple catatonic schizo-
phrenia [117, 118].

Anti-NMDAR encephalitis, first described in 2007, is a common and severe form
of autoimmune encephalitis [9, 119]. It primarily involves young patients with a
median age of 21 but can be seen at any age [120]. Like MC, it more commonly
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Table 7.2 Etiologies of 105 malignant catatonia cases: 2011-2020

Psychiatric and neurodevelopmental disorders Reference(s)
Schizophrenia—9 cases [14-22]
Mania—©6 cases [23-28]
Major depressive disorder—S5 cases [29-32]
Brief psychotic disorder—2 cases [33, 34]
Schizoaffective disorder—1 case [25]
Autistic spectrum disorder—2 cases [25, 35]

Autoimmune disorders
NMDA receptor encephalitis —40 cases [36-75]
GABA-A receptor encephalitis—2 cases [76,77]
LGI1 receptor encephalitis—2 cases [37, 78]
Progressive encephalomyelitis with rigidity and [79]
myoclonus—I1 case
Systemic lupus erythematosus—4 cases [80-83]
Hashimoto’s encephalopathy—2 [84, 85]
Sjogren’s syndrome—2 cases [86, 87]

Infectious disorders
Viral encephalitis

Dengue virus —1 case [88]

Herpes simplex virus type 1—1 case [89]

Unspecified—3 cases [90-92]
Encephalitis lethargica —2 cases [93, 94]
Mycoplasma pneumonia encephalitis —1 case [95]
Neurobrucellosis encephalitis —1 case [96]
Sepsis-associated encephalopathy—1 case [97]

Toxic and drug-related disorders

Clozapine withdrawal—3 cases [98-100]
Amantadine withdrawal—1 case [101]
Lorazepam withdrawal—1 case [102]
Dexamethasone induced—1 case [103]
Lithium toxicity—1 case [104]
Cocaine-induced leukoencephalopathy—1 cases [105]
Bath salts abuse—1 case [106]
Methadone overdose—1 case [25]
Disulfiram overdose—1 case [107]
3-methoxyphencyclidine intoxication—1 case [108]
Synthetic cannabinoid intoxication—1 case [109]
Cyclosporine A-related neurotoxicity—1 case [110]
Parkinsonism-hyperpyrexia syndrome—1 case [111]
Post-surgical-paroxysmal sympathetic hyperactivity—1 [112]
case
Surgical removal of lesion near hypothalamus—1 case [113]

Copyright 2019, Lancet Psychiatry (adapted from [125] with permission from Elsevier Ltd.), and
Copyright 1986, American Journal of Psychiatry, American Psychiatric Association (adapted from
[5] with permission)

affects women (80%), a percentage of whom will have an ovarian teratoma [121].
Early in its course, anti-NMDAR encephalitis possesses a remarkable capacity to
mimic psychiatric disorders [122]. Dalmau et al. [123] reported that 77% of anti-
NMDAR encephalitis cases were seen initially by a psychiatrist. Prompt recogni-
tion is critical as the condition is treatable and can be diagnosed serologically.
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Gurrera [122] retrospectively identified 230 adult cases of anti-NMDAR encephali-
tis associated with prominent psychiatric symptoms and scored them for the pres-
ence of clinical features. Regarding the manifestations of MC, catatonic features
were present in 45.7%, autonomic dysfunction in 45.7%, fever in 28.3%, and
reduced arousal in 30%. This symptom profile clearly predicts that a certain per-
centage of anti-NMDAR cases with prominent psychiatric symptoms should meet
criteria for MC. Frequently observed neurologic features included seizures (60.4%),
orofacial dyskinesias (39.1%), dyskinesias involving other body parts (36.1%),
memory disturbance (34.8%), and impaired language/aphasia (25.7%).

Other recent studies have explored the frequency of catatonia in anti-NMDAR
encephalitis. Serra-Mestres and associates [121] retrospectively applied the Bush-
Frances Catatonia Screening Instrument (BFCSI) to 189 anti-NMDAR encephalitis
patients identified in a systematic literature search; catatonia was present in 60%.
Additionally, autonomic dysfunction was found in 58% of patients who were cata-
tonic compared to 38% who were not. Furthermore, the first prospective study has
now been conducted [124]. It assessed the presence of catatonia in 58 anti-NMDAR
encephalitis patients entering an inpatient research unit using both the BFCSI and
the Braunig Catatonia Rating Scales and identified catatonia in 70.6% of cases.

O—w Anti-NMDA receptor-mediated encephalitis is a frequent cause of
malignant catatonia.

In a paper exploring evidence for immune dysregulation in catatonia, Rogers and
associates [125] conducted a systematic literature search for autoimmune disorders
causing catatonia. Similar to our observations regarding MC, they found that 72%
(249/346) of all cases of autoimmune catatonia reported were due to anti-NMDAR
encephalitis. They observed that catatonia described in anti-NMDAR encephalitis
cases is often of the MC variety and tends to co-occur in association with psychosis
or mania. This led them to propose that MC represents an entity that could be largely
accounted for by autoimmune disorders such as anti-NMDAR encephalitis. We
would contend that the causes of MC are multiple and diverse. Nevertheless, our
findings appear consistent with the impression that autoimmune encephalitis, par-
ticularly anti-NMDAR encephalitis, may account for many MC cases previously
attributed to psychosis or schizophrenia, MC cases viewed as an outgrowth of viral
encephalitis where no causative pathogen is identified, and, as Rogers and associ-
ates suggest, cases previously ascribed to encephalitis lethargica.

The Malignant Catatonia Syndrome

Our review of the modern world literature supports Kraepelin’s [12] conceptualiza-
tion of MC as a nonspecific syndrome that may occur in association with diverse
neuromedical, drug-induced, and psychiatric disorders. Table 7.3 summarizes
known causes of the MC syndrome. Consistent with this view of MC as a nonspe-
cific syndrome, it is appropriate to consider the relationship between MC and
NMS. Among the total 504 contemporary MC cases, the “classic” excited form
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Table 7.3 Disorders associated with malignant catatonia syndrome

Psychiatric and neurodevelopmental disorders
Schizophrenia
Bipolar disorder
Schizoaffective disorder
Brief psychotic disorder
Periodic catatonia
Autistic spectrum disorder
Prader—Willi syndrome
Autoimmune disorders
NMDA receptor encephalitis
GABA A receptor encephalitis
LGI1-receptor encephalitis
Progressive encephalomyelitis with rigidity
Systemic lupus erythematosus
Hashimoto’s encephalopathy
Sjogren’s syndrome
Addison’s disease
Multiple sclerosis
Infectious disorders
Viral encephalitis—acute and postinfectious
Human immunodeficiency virus encephalopathy
Viral hepatitis
Encephalitis lethargica
Bacterial meningoencephalitis
Bacterial septicemia
Borrelia encephalitis
General paresis
Mycoplasma pneumonia encephalitis
Neurobrucellosis encephalitis
Typhoid fever
Chagas’ encephalitis
Cerebral malaria
Cerebrovascular disorders
Basilar artery thrombosis
Bilateral hemorrhagic infarction of the anterior cingulated gyri
Bilateral hemorrhagic lesions of temporal lobes
Other central nervous system disorders
Normal-pressure hydrocephalus
Seizure disorders
Autonomic (diencephalic) epilepsy
Petit mal status
Cerebral anoxia
Tumors
Periventricular diffuse pinealoma
Glioma of the third ventricle
Glioma involving the splenium of the corpus callosum
Angioma of the midbrain
Head trauma
Closed head trauma
Surgical removal of lesions near the hypothalamus
Post-surgical-paroxysmal sympathetic hyperactivity
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Table 7.3 (continued)

Metabolic disorders
Cushing’s disease
Uremia
Wernicke’s encephalopathy

Toxic and drug-related disorders
Amantadine withdrawal
Clozapine withdrawal
Barbiturate withdrawal
Clonazepam withdrawal
Lorazepam withdrawal
Lithium toxicity
Dexamethasone-induced
Methadone overdose
Disulfiram overdose
Cyclosporine A-related neurotoxicity
Cocaine-induced leukoencephalopathy
Bath salts abuse
3-Methoxyphencyclidine intoxication
Synthetic cannabinoid intoxication
Tetraethyl lead poisoning
Intrathecal administration of ziconotide
Toxic epidermal necrolysis
Temporomandibular joint surgery
Renal transplantation
Parkinsonism-hyperpyrexia syndrome
Neuroleptic malignant syndrome

Copyright 1986, American Journal of Psychiatry, American Psychiatric Association (adapted from
[5] with permission), and Copyright 2019, Lancet Psychiatry (adapted from [125] with permission
from Elsevier Ltd)

(clinical vignette) involving extreme hyperactivity and progressive hyperthermia
prior to the onset of stupor has continued to predominate with 61% of cases present-
ing in this fashion. However, 39% of patients exhibited a primarily stuporous course.
This represents a change from the pre-antipsychotic drug era when only about 10%
of MC cases were presented in this fashion. Furthermore, a selective analysis of the
105 cases reported since 2011 indicates a reversal in this trend with only 43% pre-
senting as excited and 57% exhibiting a primarily stuporous course.

In many of these cases involving a stuporous course, stupor and hyperthermia
developed only following the initiation of antipsychotic drug treatment, giving rise
to questions concerning the differentiation of MC from NMS. Furthermore, the
clinical features of the classic excited form of MC, once stupor emerges, appear
equally difficult to distinguish from those of NMS. Viewing MC as a syndrome, we
have suggested that NMS represents an antipsychotic drug-induced toxic or iatro-
genic subtype of MC. Accordingly, the emergence of NMS as a subtype of MC
could help explain the increased percentage of primarily stuporous MC cases
reported in the contemporary literature. Furthermore, anti-NMDAR encephalitis, by
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far the single most frequent cause of MC in cases reported since 2011, appears to
entail an extraordinarily high risk for NMS that could prove critical in explaining
the current dominance of the primarily stuporous presentation in our most recent
cases. In one study [126], NMS was diagnosed or suspected in 22% of anti-NMDAR
encephalitis patients exposed to antipsychotic drugs. Another report suggested that
as many as 18 of 33 (55%) patients with anti-NMDAR encephalitis developed sus-
pected NMS upon exposure to antipsychotic drugs [127]. These rates dramatically
exceed recent estimates of NMS as occurring in about 0.02 percent of psychiatric
patients treated with antipsychotics.

A number of authors have concurred with our conceptualization of NMS as a
drug-induced subtype of MC [1, 128]. Fricchione [129] suggested a close relation-
ship between catatonic states triggered by antipsychotics and those that are not, and
proposed that antipsychotic drug-induced catatonia is to simple catatonia what
NMS is to MC. Koch and associates [130] provided further evidence for overlap
among catatonia, MC, and NMS. Among 16 patients with NMS, 15 met clinical and
research criteria for catatonia. Furthermore, in each of their cases, there was a strong
positive correlation between the severity of NMS and the number of catatonic signs
reported, strengthening the argument for a relationship between the disorders and
consistent with a view of NMS as a severe variant of catatonia.

In contrast, other authors have argued that simple catatonia, MC, and NMS are
distinct clinical entities. Both Castillo and associates [131] and Fleischhacker and
associates [132] proposed that excited or agitated behavior points to a diagnosis of
MC. However, agitation is commonly a feature of the psychosis preceding NMS for
which antipsychotic drugs were originally used. Castillo and associates [132] main-
tained that prominent muscle rigidity might be a distinguishing feature. However,
patients with agitated catatonia usually receive medications early in treatment.
Accordingly, if rigidity is present, it may be difficult to know whether this repre-
sents NMS or drug-related extrapyramidal symptoms superimposed on MC. Based
on our review, we concur with Fricchione and colleagues’ [129, 133] conclusion
that aside from a few differences in presentation, catatonia, MC, and NMS appear
to be variants of a larger unitary catatonic syndrome.

Pathogenesis

There is evidence for involvement of several neurotransmitter systems in the patho-
genesis of catatonia including dopamine, glutamate, gamma-aminobutyric acid, and
serotonin. On biochemical grounds, motor symptoms in catatonia appear modulated
by dopamine [134]. A consideration of the role of dopamine further supports a view
of catatonia, MC, and NMS as subtypes of the same disorder. A number of authors
have posited a key role for dopaminergic hypoactivity in triggering both simple
catatonia and MC [6, 129, 133]. Furthermore, there is compelling clinical evidence
implicating antipsychotic drug-induced dopamine receptor blockade in the patho-
genesis of NMS [135]. Our group [6, 135], along with Fricchione and colleagues
[129, 133], have proposed that the onset of simple catatonia, MC, and NMS
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coincides with a reduction in dopaminergic activity within the basal ganglia-thala-
mocortical circuits. As elucidated by Alexander and associates [136, 137], these
circuits represent one of the brain’s principal organizational networks underlying
brain—behavior relationships. Five circuits connecting the basal ganglia with their
associated areas in the cortex and thalamus have been identified and are named
according to their cortical site of origin (Fig. 7.1). They include the “motor circuit,”
the “oculomotor circuit,” the “dorsolateral prefrontal circuit,” the “lateral orbito-
frontal circuit,” and the “anterior cingulate-medial orbitofrontal circuit.” Each cir-
cuit involves the same member structures, including an origin in a specific area of
the frontal cortex; projections to the striatum (putamen, caudate, and ventral stria-
tum); connections to the globus pallidus interna and the substantia nigra pars reticu-
lata, which, in turn, project to specific thalamic nuclei; and a final link back to the
frontal area from which they originated, thus creating a feedback loop.

Dopamine is in a key position to influence activity in each of the circuits.
Mesocortical dopamine pathways project directly to circuit areas of origin in the
supplementary motor area, frontal eye fields, and the three prefrontal cortical areas.
Additionally, dopamine modulates each circuit through its projections to the stria-
tum [138]. The motor, the anterior cingulate-medial orbitofrontal circuit, and the
lateral orbitofrontal circuits represent the most likely candidates for involvement in
the pathogenesis of simple catatonia, MC, and NMS.

Specifically, the onset of hypodopaminergia in the motor circuit may underly
muscular rigidity [6-8, 135]. In addition, hypodopaminergia developing in the ante-
rior cingulate-medial orbitofrontal circuit could participate in causing diminished
responsiveness, akinesia and mutism, and contribute to hyperthermia and autonomic
dysfunction. Bilateral lesions of this circuit have been associated with akinetic mut-
ism, which involves severe hypomotility, diminished arousal and mutism, and has
been mistaken for simple catatonia [138]. Furthermore, certain cases of akinetic
mutism have presented with hyperthermia and autonomic dysfunction, making
them difficult to distinguish from MC and NMS [6, 8, 135]. In this regard, it is of
considerable interest that the anterior cingulate-medial orbitofrontal circuit contains
a spur from the ventral pallidum to the lateral hypothalamus [139]. This suggests
that reduced dopamine activity could cause hyperthermia and autonomic dysfunc-
tion in MC and NMS by disrupting anterior cingulate-medial orbitofrontal circuit
transmission to the lateral hypothalamus.

Finally, hypodopaminergia involving the lateral orbitofrontal subcortical circuit
may mediate selected catatonic features observed in simple catatonia, MC, and
NMS. Dysfunction in the lateral orbitofrontal region has been associated with utili-
zation and imitation behaviors [140]. These behaviors involve automatic imitation
of the gestures and actions of others or inappropriate use of objects such as tools or
utensils. Utilization and imitation behaviors reflect enslavement to environmental
cues [140] and share striking clinical similarities with catatonic features such as
echopraxia, echolalia, and geigenhalten, all of which are viewed as stimulus bound
or motor preservative phenomena consistent with frontal lobe dysfunction [140].
Utilization and imitation behaviors may also occur in association with dorsolateral
prefrontal circuit dysfunction.
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Fig. 7.1 Proposed basal ganglia-thalamocortical circuits. Parallel organization of the five basal
ganglia-thalamocortical circuits. Each circuit engages specific regions of the cerebral cortex, stria-
tum, pallidum, substantia nigra, and thalamus. (Adapted with permission from Alexander

et al. [136])
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We have proposed that in addition to dopamine-2 receptor blockade, NMS is the
product of pre-existing central dopamine hypoactivity that represents a trait vulner-
ability marker for this disorder, coupled with state-related downward adjustments in
the dopamine system occurring in response to acute or repeated exposure to stress
[6, 8, 135]. Here, we suggest that such state- and trait-related factors are also critical
in causing hypodopaminergia in the frontal subcortical circuits in simple catatonia,
MC, and NMS. A number of lines of evidence indicate that certain individuals may
exhibit baseline hypodopaminergia, including reduced homovanillic acid (HVA)
levels in post-NMS patients; reduced striatal HVA levels or lack of elevated HVA to
dopamine ratios in patients who died from MC or NMS; lower cerebrospinal fluid
HVA levels and more severe baseline parkinsonian symptoms in patients with
Parkinson’s disease following recovery from NMS; and reports of abnormalities in
the dopamine-2 receptor gene in NMS [6, 8, 135].

Furthermore, the enhanced responsiveness of the dopamine system to stress may
be implicated as a state-related co-factor predisposing to simple catatonia, MC, and
NMS. In particular, the dopaminergic innervation of the medial prefrontal cortex in
the rat is unique in that it is activated by very mild stressors such as limited foot
shock or conditioned fear [141]. In addition, there are considerable data indicating
a functional interdependence of dopamine systems innervating the medial prefron-
tal cortex and subcortical dopamine systems; changes in the medial prefrontal cor-
tex dopamine system appear to have an inverse relationship with dopamine turnover
in the dorsal and ventral striatum [142]. Consistent with this, lesions of the meso-
cortical dopamine pathway to the medial prefrontal cortex in the rat result in
increased indexes of subcortical dopamine functioning [142].

Conversely, increased mesocortical dopaminergic neurotransmission to the
medial prefrontal cortex has been associated with decreased indexes of subcortical
dopamine functioning [142, 143]. Accordingly, if stress activates the stress-sensitive
mesocortical dopaminergic pathway to the medial prefrontal cortex, it could have
feedback effects in both the dorsal and ventral striata, rendering these areas hypodo-
paminergic and predisposing to MC and NMS in individuals with pre-existing cen-
tral dopaminergic hypoactivity.

Management

Effective management hinges on early recognition of this disorder. Excluding neu-
romedical or drug-induced causes of MC is critical before assigning a psychiatric
etiology. The potential for severe autonomic symptoms and the high rate of medical
complications dictate early institution of intensive medical care focusing on fluid
replacement, temperature reduction, and support of cardiac, respiratory, and renal
functions. Careful monitoring to prevent complications, particularly aspiration
pneumonia, thromboembolism, and renal failure is essential. Many clinicians, not
recognizing the syndrome they are witnessing, are apt to treat MC patients with
antipsychotic drugs. However, the bulk of evidence indicates that the dopamine
receptor blocking effects of both first- and second-generation antipsychotics are
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likely to aggravate MC episodes, as in NMS where continuation of antipsychotic
drug treatment clearly increases the likelihood of death. Antipsychotics should be
withheld whenever MC is suspected. A treatment algorithm is shown in Fig. 7.2.

Benzodiazepines have been highly effective in the treatment of simple catatonia,
including antipsychotic drug-induced catatonia [133]. Philbrick and Rummans [1]
observed that the benefits of benzodiazepines in MC appeared less uniform than in
simple catatonia but were nonetheless impressive at times. They asserted that even
a partial response might be beneficial to retard the progression of MC until more
definitive treatment can be instituted. Van Den Eede and associates [144] suggested
that lorazepam be started at 2—4 mg per day (PO, IM, 1V) and increased to 8-16 mg
per day if simple catatonia does not resolve in 2 days. For MC, however, they pro-
posed that lorazepam be initiated at 816 mg per day. Fricchione and associates
[133] suggested that if simple catatonia proves unresponsive to lorazepam after
5 days of treatment, ECT should become a consideration. In MC, however, these
researchers argued against a 5-day wait and urged that ECT be started expeditiously
if lorazepam does not briskly reverse the MC process.

Indeed, ECT is a safe and effective treatment for MC occurring as an outgrowth
of a psychiatric disorder [1, 145]. Although controlled studies are lacking, case
reports and series of consecutive cases indicate excellent results with its use. Among
50 patients reported in four large series [1, 5, 145], 40 of 41 patients treated with

Early Recognition
Supportive Medical Care
Discontinue Antipsychotics
Identify any neuromedical condition underlying MC and initiate treatment

Lorazepam: 8-30mg/per day (PO, IM, 1V)

Partial or No Response within 48-72 Hours

Electroconvulsive Therapy
(Usually 5-20 Bilateral Treatments)

Partial or No Response

Treatments Supported by Anecdotal Evidence Derived from Case Reports

If stopped, restart lorazepam: 8-30mg (PO, IM, IV)

If significant rigidity and severe hyperthermia present add dantrolene: 1-2.5 mg/kg IV every 6 hours for 48 hours. If no
improvement, switch to amantadine: 100mg PO or by nasogastric tube [NG] tube every 8 hours X 72 to 96 hours.

If partial or no improvement, switch to bromocriptine 2.5-5mg PO or by NG tube every 8 hours X 72 to 96 hours. If partial
or no improvement, add memantine: 10mg per day PO or NG tube x 1 day, then 10mg BID x 5 days.

If no improvement, add propofol 25mcg/kg/min IV to 150mg mcg /kg/ min/IV

Add propofol: 25mcg/kg/min IV to 150 mcg/kg/min IV

Fig. 7.2 Proposed treatment algorithm for malignant catatonia. (Adapted with permission from
Fricchione et al. [133]. Copyright 1997, Sage Publications Inc)
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ECT survived. In contrast, only five of nine who received antipsychotics and sup-
portive care survived. However, ECT appears effective only if initiated before severe
progression of MC symptoms. Sedvic [146] stressed that the onset of coma or a
temperature exceeding 41 °C predicts a poor response even to ECT. Arnold and
Stepan [11] found that of 19 patients starting ECT within 5 days of the onset of
hyperthermia, 16 survived, whereas in 14 patients starting treatment beyond this
point, ECT had no effect in preventing a fatal outcome. Although earlier protocols
called for particularly intensive treatment [11], recent trials have indicated that ECT
can be efficacious when given once or twice daily or every other day for a total of
5-20 treatments (usually bilateral). Substantial improvement often becomes evident
after 1-4 treatments [145].

Oo— Lorazepam and ECT are safe and effective treatments for MC.

Several investigators have suggested that ECT in combination with dantrolene, a
drug that inhibits contraction and heat production in muscle, represents the optimal
treatment for MC [5-8]. Other cases have reported successful treatment with dan-
trolene alone; the dopamine agonist bromocriptine combined with dantrolene and
ECT; bromocriptine and benzodiazepines; dantrolene and bromocriptine [5—8]; the
NMDA antagonist and dopamine agonist amantadine [26, 147]; and the NMDA
antagonist memantine combined with lorazepam [74]. Successful treatment with
transcranial magnetic stimulation (rTMS) has been observed in one case [90].
Lastly, intravenous propofol has been reported effective as an interim measure until
ECT can be instituted [148], considered a superior anesthetic for MC during ECT
[150], and proposed as capable of “lysing” MC on its own [28, 149, 150]. In MC
occurring as an outgrowth of a neuromedical illness, specific treatment must be
directed at the underlying disorder. Nevertheless, in our full series of 504 MC cases,
ECT has been reported as highly effective in treating MC complicating a diversity
of neuromedical conditions [1, 5-8, 145]. In such cases, the efficacy of ECT appears
largely independent of the underlying condition and improvement is likely to be
transient if the neuromedical condition persists. If, however, the underlying disorder
either remits or is corrected, permanent recovery may be possible. Along these
lines, ECT has been used effectively in stabilizing MC (and NMS) in anti-NMDA
receptor encephalitis, permitting definitive measures such as tumor removal (if indi-
cated) and sequential immunotherapies to take effect [49, 151].

Conclusion

MC represents a life-threatening neuropsychiatric disorder described long before
the introduction of modern antipsychotic drugs. A review of the world literature on
MC indicates that although the incidence of the condition may have declined since
the pre-antipsychotic drug era, it continues to occur but is under-recognized. MC
represents a syndrome rather than a specific disease and may develop as an out-
growth of diverse neuromedical illnesses as well as with psychiatric disorders.
Among 399 MC cases reported during the 50-year period between 1960 and 2010,
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339 (85%) were attributed to a psychiatric condition and only 60 (15%) to a neuro-
medical condition. In contrast, among our most recent 105 MC cases reported dur-
ing the nine years between 2011 and 2020, 80 (76%) are now attributed to
neuromedical illness and only 25 (24%) are associated with a psychiatric disorder.
These findings are striking but appear consistent with the impression that anti-
NMDAR encephalitis may now account for many MC cases previously attributed to
psychosis or schizophrenia, MC cases viewed as an outgrowth of viral encephalitis
where no pathogen was identified, and MC cases previously ascribed to encephalitis
lethargica.

Also, from a perspective of MC as a syndrome, NMS may be conceptualized as
an antipsychotic drug-induced toxic or iatrogenic subtype of MC. The hypothesis
that simple catatonia, MC, and NMS share a common pathophysiology involving
reduced dopaminergic neurotransmission within the basal ganglia-thalamocortical
circuits underscores their identity as variants of a larger unitary catatonic syndrome.
ECT appears to be the preferred treatment for MC. Antipsychotic drugs should be
withheld whenever MC is suspected. Recognition of the clinical features of MC and
an appreciation of its diverse etiologies are essential for the effective management
of patients who develop this catastrophic reaction.
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