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Brain Imaging in Catatonia:
Current Findings and

a Pathophysiologic Model

By Georg Northoff, MD, PhD

ABSTRACT

Karl Ludwig Kahlbaum originally described catatonia as
a psychomotor disease that encompassed motor, affective, and
behavioral symptoms. In the beginning of the 20th century,
catatonia was considered to be the motoric manifestation of
schizophrenia; therefore, neuropathologic research mostly
focused on neuroanatomic substrates (ie, the basal ganglia
underlying the generation of movements). Even though some
alterations were found in basal ganglia, the findings in these
subcortical structures are not consistent. Recently, there has
been a reemergence of interest into researching catatonia.
Brain imaging studies have shown major and specific alter-
ations in a right hemispheric neural network that includes
the medial and lateral orbitofrontal and posterior parietal
cortex. This neural network may be abnormally modulated
by altered functional interactions between ‘y-aminobutyric
acid (GABA)-ergic and glutamatergic transmission. This
may account for the interrelationship among motor, emo-
tional, and behavioral alterations observed in both clinical
phenomenology and the subjective experiences of patients
with catatonia. Such functional interrelationships should be
explored in further detail in catatonia, which may also serve
as a paradigmatic model for the investigation of psychomotor
and brain function in general.
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INTRODUCTION

Catatonia was first described by Karl Ludwig Kahlbaum
in 1874" as a psychomotor syndrome characterized by
motor, affective, and behavioral alterations. Later, Kraepelin
and Bleuler subsumed catatonia under the heading of
dementia praecox,? considering catatonia to be a subtype of
schizophrenia. Because of this characterization, catatonia
was predominantly considered to be the motoric manifesta-
tion of schizophrenia. In contrast, affective and behavioral
alterations were seen to be associated with schizophrenia
rather than with catatonia itself. Neuropathologic studies
have investigated the role of the basal ganglia in catatonia
because these subcortical structures are involved in gener-
ating movements. For example, Kleist? considered catatonia
to be an extrapyramidal disturbance.

In the last 15 years, interest in catatonia has reemerged,
and various studies of its pathophysiology have been under-
taken. The development of new imaging techniques has

allowed the investigation of functional alterations in brain
chemistry in this disorder. The purposes of this paper are: 1)
to show the pathophysiologic findings in catatonia as seen
with various imaging techniques; and 2) to develop a patho-
physiologic hypothesis of catatonic motor symptoms based
on these findings.

PATHOPHYSIOLOGIC FINDINGS IN CATATONIA
Neuropathologic Findings

The various pathophysiologic findings related to catato-
nia can be divided into neuropathologic, neurochemical,
electrophysiologic, and functional imaging findings (Table
1). Table 2 summarizes the findings in which the neu-
ropathology of the basal ganglia (the caudate nucleus,
nucleus accumbens, and pallidum) have predominated .**
Since these early studies yielded rather inconsistent results,
they were never pursued. Furthermore, because these find-
ings were made in patients with catatonic schizophrenia, it
remains unclear whether these alterations are specifically
related to catatonia itself or to schizophrenia. Although
there are several case reports with isolated brain lesions in
organic catatonia, there are no systematic studies to date
that investigate the underlying neuropathology of catatonia
in patients without schizophrenia.

Most of the neuropathologic studies cited here were per-
formed on the brains of patients with catatonic schizophre-
nia who were never exposed to neuroleptics; therefore, these
alterations in basal ganglia cannot be related to neuroleptic
(antipsychotic) modulation. Nevertheless, findings should
be considered rather cautiously, since the methods and
techniques available when they were gathered may have
produced artifacts.

Neurochemical Findings

Dopamine has been the neurotransmitter of primary -

interest in catatonia. In early studies, Gjessing?® found
increased dopaminergic (homovanillic acid and vanillic

acid) and adrenergic/noradrenergic (norepinephrine,
metanephrine, and epinephrine) metabolites in the urine

of acute catatonic patients with periodic catatonia. In
addition, he found correlations between vegetative alter-
ations and these metabolites. He suggested a close rela-
tionship between catatonia and alterations in posterior
hypothalamic nuclei.
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Recent investigations of the dopamine
metabolite homovanillic acid in the plasma of
32 acute catatonic patients showed increased
levels in the acute catatonic state," particu-
larly in those patients who responded well to
lorazepam." However, the dopamine agonist
apomorphine exerted no therapeutic effect at
all in acute catatonia patients."? These data
suggest that the dopaminergic system may be
hyperactive in acute catatonia. Nevertheless,
the finding of hyperactivity of the dopaminer-
gic system contradicts the observation that
catatonia can be induced by neuroleptic med-
ications (neuroleptic-induced catatonia),
which suppress dopaminergic metabolism
and, therefore, should be therapeutic. These
contradictory data suggest that catatonia can-
not be subsumed into one entity with regard to
dopaminergic metabolism.

Recent interest in neurochemical alter-
ations in catatonia has focused on y-aminobu-
tyric acid A (GABA,) receptors because the
GABA, receptor potentiator lorazepam is effi-
cacious in 60% to 80% of all acute catatonic
patients."*** One study investigated iomaze-
nil binding in 10 catatonic patients with affec-
tive or schizophrenic psychosis using single
photon emission computed tomography
(SPECT) scanning, Since iomazenil is a ligand
that binds to the benzodiazepine subunit of
the GABA , receptors without inducing any
kind of alteration in the activity of the recep-

TABLE 1. PATHOPHYSIOLOGIC
FINDINGS IN CATATONIA

Neuropathologic
Caudate nucleus
Nucleus accumbens
Pallidum
Substantia nigra pars compacta
Thalamus

Neurochemical
Dopamine
GABA
Glutamate
Serotonin

Electrophysiologic
EEG

Readiness potential
MRCPs

Structural and Functional Imaging
Right prefrontal cortex
Right orbitofrontal cortex
Right parietal cortex

GABA=y-aminobutyric acid; EEG=electroencephalogra-
phy; MRCP=movement-related cortical potential,

tor, iomazenil binding reflects the number and
function of GABA, receptors. The jomazenil
binding in these 10 catatonic patients were
compared with the iomazenil binding in 10
noncatatonic psychiatric controls with affec-
tive or schizophrenic psychosis and 20
healthy controls.” The catatonic patients
showed significantly lower GABA , Teceptor
binding and altered right-left relations in the
left sensorimotor cortex compared with the
two other groups. In addition, the catatonic
patients exhibited significantly lower GABA X
binding in the right lateral orbitofrontal and
right posterior parietal cortex, correlating sig-
nificantly with motor and affective (but not
with behavioral) catatonic symptoms.

Movement-related cortical potentials
(MRCPs) in catatonic patients both before and
after lorazepam administration showed abnor-
mal and inverse electrophysiologic reactivity.!e
In addition, all catatonic patients (even those
in a postacute state) showed a paradoxical
reaction to lorazepam, reacting with agitation
rather than with sedation (as was the case in
all psychiatric and healthy controls).’ These
studies indicate that catatonia may be associ-
ated with abnormalities in the GABAergic
system, particularly the GABA,, receptors,”
and that these abnormalities may be central to
the pathophysiology of catatonia.

The glutamatergic system, particularly the
N-methyl-D-aspartate (NMDA) receptors, may
also be involved in catatonia. Some catatonic
patients who were nonresponsive to lorazepam
have been successfully treated with the
NMDA antagonist amantadine. Therapeutic
recovery occurred rather gradually.'® Such
gradual improvement suggests that NMDA
receptors may be secondarily involved in
catatonia, whereas GABA , receptors appear
to be primarily involved. This assumption is
speculative, since neither the NMDA recep-
tors nor their interactions with GABA , recep-
tors have been investigated in catatonia.

In addition, the serotonergic (5-hydrox-
ytryptophan [5-HT]) system may also play a
role in the development of catatonia.
Catatonia may be characterized by a dysequi-
librium in the serotonergic system with upreg-
ulated 5-HT, , receptors and downregulated
5-HT,, receptors.”” However, since there are
no imaging studies with regard to the 5-HT
system in catatonia, this hypothesis remains
speculative.

In summary, neurochemical investigations
suggest a central role for GABA, receptors in

“...the dopamine

agonist apomorphine
exerted no therapeutic
effect atall in acute
catatonia patients.
These data suggest that
the dopaminergic system
may be hyperactive in

acute catatonia.”
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