
such as stupor, mutism, negativism, refusal to eat or drink, and 
motor abnormalities such as muscle rigidity, peculiar move-
ments, waxy flexibility, and hyperkinesias [5]. 

Previous studies, which investigated the pathophysiology and 
etiology of catatonia, focused on dysregulation of neurotransmis-
sion. It has been suggested that catatonia is related to dopamine 
depletion resulting in parkinsonian-like symptoms [6]. Others ar-
gue that dysfunction of gamma-aminobutyric acid (GABA) and 
glutamate systems may be implicated based on the beneficial ef-
fect observed with benzodiazepines and amantadine [7].

Few studies have attempted to investigate the brain structur-
al abnormalities that may be linked to catatonic syndrome [8]. 
Alterations were found in the right hemispheric neural network, 
which includes the medial and lateral orbitofrontal and poste-
rior parietal cortex [9]. Dysregulation of this network may be 
related to dysfunctional interaction between GABA-ergic and 
glutamatergic neurotransmission [10]. This neural imbalance 
may account for the motor, emotional, and behavioral symp-
toms observed in patients with catatonia [11]

Functional and structural brain alterations within the cere-
bral motor circuit that are relevant to catatonia have been re-
ported [12]. The majority of studies demonstrated hypo-activity 
of the frontal and parietal cortical motor areas. Early work on 
regional cerebral blood flow (rCBF) showed frontal and parietal 
hypo-perfusion in mixed groups of predominantly akinetic cata-
tonia patients [9,13,14].

Moreover, akinetic catatonia patients exhibited delayed 
onset of movement-related and readiness cortical potentials in 
motor areas, which correlated with the catatonia severity [15]. 
Several studies found reduced neural activation in cortical mo-
tor, premotor, and parietal areas during finger-tapping or fin-
ger-opposition tasks in catatonic patients [16-18]. A structural 
study found catatonia to be associated with cerebellar atrophy 
[19] and two studies demonstrated impaired orbitofrontal func-
tioning in catatonic patients during processing of negative emo-
tions [8,20]. Although the brain motor circuitry was shown to 
be involved in the clinical presentation and pathophysiology of 

The clinical features of catatonic syndrome were described 
more than a century ago, but the brain infrastructure under-

pinning the psychomotor phenomenology is still unclear. Cata-
tonia has been tightly linked to schizophrenia and mood disor-
ders, but current consensus is that the syndrome is a secondary 
phenomenon, with a specific neuropathology [1,2]. Catatonic 
syndrome has been reported in about 10% of psychiatric inpa-
tient populations [3,4] and consists of behavioral manifestations 



catatonia, more profoundly than in non-catatonic schizophrenia, 
the authors were unable to find any literature on the diffusivity 
of motor areas in catatonic schizophrenia patients. 

In the current study we identified brain motor network diffu-
sivity correlates of the catatonic phenotype in catatonic schizo-
phrenia patients.

Participants were recruited from the Geha Mental Health Center 
(GMHC, Petah Tikva, Israel) inpatient wards and outpatients 
clinic. Inclusion criteria for the current study consisted of: a 
DSM-IV-TR diagnosis of schizophrenia as established by a Mini 
International Neuropsychiatric Interview (MINI) conducted by 
a senior psychiatrist, a medical history of at least one episode of 
hospitalization due to catatonic syndrome according to DSM-
IV-TR criteria for catatonic schizophrenia, in remission from 
catatonia at the time of the study, and ability to sign an informed 
consent form while not having current or history of illicit drug 
abuse. Control group consisted of age- and gender-matched 
DSM-IV-TR schizophrenia patients with no history of catatonia 

episodes, as established by a MINI interview conducted by a se-
nior psychiatrist. The study was approved by the GMHC review 
board and patients signed an informed consent form prior to 
partaking in the study. Each patient was clinically evaluated for 
symptom severity and underwent a brain magnetic resonance 
imaging (MRI) at the Imaging Center at Sheba Medical Center, 
Tel Hashomer, Israel.

All patients were assessed by a trained psychiatrist for severity 
of psychosis using the Positive and Negative Syndrome Scale 
(PANSS) and catatonia using the Bush-Francis Catatonia Rating 
Scale (BFCRS). 

Brain imaging was performed on a 3T MR imaging system 
(Signa HDxt, GE Healthcare, USA) using a standard 8-chan-
nel phased array coil. The scan protocol was identical for all 
participants: 3D sagittal T1 IR-FSPGR (26 cm FOV, 256X256 

T1 FLAIR (24 cm FOV, 256 × 224 matrix size, 3 mm slice 



axial T2 FLAIR (26 cm FOV, 256 × 256 matrix size, 5 mm 

ms, 31 kHz bandwidth), 2D axial T2 FSE (26 cm FOV, 512 × 

cm FOV, 256 × 192 matrix size, 5 mm slice thickness with 0.5 

tensor imaging (DTI) was performed axially and coronally: 
(26 cm FOV, 256 × 256 matrix size, 3.2 mm slice thickness, 

1000 s.mm-2). 

Conventional apparent diffusion coefficient (ADC, mm2. s-1) 
and dimensionless fractional anisotropy (FA) maps were gener-
ated from DTI data, using FuncTool Performance (version 5.2, 
GE Healthcare, Chicago, IL, USA). FA was used as a measure 
of fiber density, axonal diameter, and myelination in white mat-
ter, reflecting brain regional connectivity, Co-registration of 
the high resolution 3D sagittal IR-FSPGR T1 with the corre-
sponding b = 0 images of axial DTI was performed to delineate 
precisely 12 regions of interest (ROIs) for each patient [Fig-
ures 1A–1D]. Co-registration of the high resolution 3D sagittal 
IR-FSPGR T1 with the corresponding b = 0 images of coronal 
DTI was performed to delineate precisely six additional ROIs 
[Figures 1E–1G].

The ROIs were chosen based on the brain motor circuits that 
may be involved in the catatonic phenomenology [12]. All ROIs 
were mapped by the same investigator (DL) and verified by a 
board-certified neuroradiologist (CH) as follows: the 12 axi-
al ROIs included: genu and splenium of the corpus callosum 
(2 ROIs), caudate nucleus (2 ROIs: right and left), posterior 
limbs of the internal capsule (2 ROIs: right and left), centrum 
semiovale above the levels of the lateral ventricles (2 ROIs: 
right and left), pons (2 ROIs: right and left), and the middle 
cerebellar peduncles (2 ROIs: right and left). The six coronal 
ROIs included: amygdala (2 ROIs: right and left), cerebellum 
(2 ROIs: right and left), and hippocampus (2 ROIs: right and left).

Due to the small sample size and abnormal distribution of 
the tested variables a non-parametric Mann-Whitney test was 
used to compare quantitative variables between the two patient 
groups. Logistic regression analysis was used to assess the asso-
ciation between clinical and imaging parameters. All tests were 
two-tailed and  < 0.05 was considered statistically significant.

As the number of ROIs required18 analyses, false-discov-
ery rate (FDR) correction was applied. Thus, only associations 
where regression coefficients survived FDR correction at the 

 < 0.25 level were considered significant.



Nine schizophrenia patients in remission from catatonia and 
eight non-catatonic schizophrenia patients were recruited for the 
study. Two patients from the catatonia group and one from the 
non-catatonia group were unable to complete the MRI scan due 
to extreme anxiety, and were therefore excluded from the analy-
sis. Thus, seven patients from each group (14 in total) complet-
ed the study and were included in the analysis. All participants 
were right-handed.

Table 1 shows the demographic and clinical parameters of the 
study participants. Both patient groups showed similar severity 
of schizophrenia symptoms as reflected by PANSS scores. In 
both groups, most patients were treated with SGA while in the 
non-catatonia group two patients were treated with clozapine, a 
drug least associated with parkinsonian side effects.

Catatonic patients showed statistically significant larger FA val-
ues in the splenium of the corpus callosum (mean values 0.85 
± 0.03 vs. 0.80 ± 0.02, = 0.003, Cohen’s d = 1.29, 95% con-
fidence interval [95%CI] 0.39–2.19), in the posterior limb of 
the right internal capsule (mean values 0.70 ± 0.04 vs. 0.66 ± 
0.03,  = 0.03, Cohen’s d = 0.93, 95%CI 0.49–1.99), and in 
the right cerebellum (mean values 0.31 ± 0.02 vs. 0.28 ± 0.02, 

 = 0.03, Cohen’s d = 1.07, 95%CI 0.46–2.08). These  values 
remained significant after FDR correction. No significant ADC 
changes were identified between patient groups. The FA values 
of all ROIs in both groups are listed in Table 2. Figure 2 shows 
differences in FA values that remained statistically significant 
following FDR correction. The FA values are elevated in the 
catatonic patient’s right internal capsule, CC splenium, and right 
cerebellum, compared to the non-catatonic patients.

When evaluating possible associations between the severity of the 
disorder (PANSS total and subscales scores) and the FA values in 
the relevant (statistically significant) ROIs of each group, only the 
catatonic group showed significant correlations. Using logistic re-
gression it was found that the right posterior internal capsule FA 

 = 0.02). FA of 
the splenium of the corpus callosum was also found to be nega-

 = 0.03). 
No analysis of the association between the severity of the 

catatonic symptoms and the FA values could be conducted since 
the patients were in remission with regard to the catatonic symp-
toms when the MRI was conducted and thus the BFCRS scores 
were 0 in both groups [Table 1].

It is well documented that a subset of schizophrenia patients 
manifests catatonic exacerbation in addition to psychotic symp-
toms. However, it is unclear whether the syndrome represents 
a distinct biological trait of schizophrenia patients who present 
with catatonic symptoms. 

To the best of our knowledge, this is the first study using DTI 
to discriminate between catatonic and non-catatonic schizophre-
nia patients. The main findings of this study are elevated FA val-
ues in three motor regions, specifically the splenium of the corpus 
callosum, the right cerebellum, and the right posterior internal 
capsule. In addition, only in the catatonic group inverse correla-
tions were found between levels of diffusivity dysregulation (FA) 
and parameters of clinical severity (PANSS scores). These find-
ings indicate a possibly dysregulated diffusivity in brain circuits, 
relevant to emotional and motor symptoms of catatonia.

For many years catatonia was linked to schizophrenia [21]. 
Our observations support the notion, prevalent in recent years, 
that catatonia is a distinct neurobiological entity within the 
schizophrenia spectrum. Indeed, in the DSM-5, catatonia is con-
sidered a diagnostic entity that is separate from schizophrenia [2].

Previous studies reported that reversible lesions in the spleni-
um of corpus callosum area were associated with catatonic fea-
tures [22,23]. In a resting state rCBF study comparing schizo-
phrenia with and without catatonia, the severity of catatonia was 



associated with higher grey matter density in the cerebellum and 
lower grey matter density in the frontal cortex (superior frontal 
gyrus and anterior cingulate gyrus) and the right insula [24]. 
Comparison of computerized tomography (CT) scans of 17 
patients with catatonia, 30 patients with schizophrenia, 20 pa-
tients with psychotic affective disorder, and 15 non-psychiatric 
controls revealed that catatonia may be associated with atrophic 
changes in the cerebellum [19]. These findings indicate the im-
portance of the cerebellum and the splenium of the corpus callo-
sum in the neuropathology of schizophrenia-associated catato-
nia. These brain areas are involved in motor activity, through the 
basal ganglia, as well as in cognitive and emotional processes 
[25] the mainly disrupted functions in catatonia. In this study 
the catatonia patients were in remission, but still demonstrated 
detectable differences in brain motor circuit diffusivity, suggest-
ing that the altered diffusivity is a trait rather than a state. 

Significant negative association between FA values in the 
right posterior internal capsule and the splenium of corpus 
callosum with the clinical measures of schizophrenia severity 
(PANSS score) was found only in the catatonia group. This find-
ing may suggest that the level of motor region anisotropy in the 
catatonia patients is associated with better outcome with regards 

to clinical severity, thus implying interplay between catatonia 
and psychosis neuropathology. The present study demonstrates 
that DTI analysis showing elevated FA values in three specif-
ic brain areas, which are associated with both motor and emo-
tional functions relevant to catatonia clinical presentation, can 
discriminate between schizophrenia with and without catatonia.

The study results should be interpreted with caution since the 
sample size is relatively small, and there were no comparison 
groups of healthy controls or patients with catatonia not related 
to schizophrenia. In addition, this is a single-center study. Still, 
despite this study’s small scale, the group sizes were sufficient 
to enable detection of significant differences in FA values be-
tween catatonic and non-catatonic schizophrenia patients.

The relatively uncommon emergence of catatonic phenotype 
in patients with schizophrenia spectrum disorders is associat-
ed with distinct neurobiological correlates. Catatonic schizo-
phrenia was linked to diffusivity dysregulation in the right 
cerebellum, the splenium of the corpus callosum, and the right 



posterior limb of the internal capsule. These findings suggest 
that patients with catatonia have a distinct cerebral motor phe-
notype, in regions relevant to psychomotor activity, which 
may make them vulnerable to developing catatonic features 
during a psychotic exacerbation. Future DTI studies are need-
ed to address the neural correlates of motor abnormalities in 
schizophrenia-related catatonia, during the acute and remitted 
state of the illness, in order to identify the specific pathophys-
iology of this disorder. They should also assess larger samples 
including groups of non-schizophrenia psychiatric patients, 
especially with catatonia related to major depression and use 
healthy controls for comparison.

Mouse models used to study cancer often lack a full 
immune system, allowing implantation of human tumors 
into the mice. By contrast, naturally evolving tumors must 
contend with a fully functional immune system and its 
destruction of some of the cells. Two groups reported 
on studies on mouse models with a fully intact immune 
system. Martin et al. started with preexisting murine 
tumor cell lines and examined their continued evolution 
in vivo, whereas Del Poggetto et al. examined the 
development of new pancreatic tumors in the context 

of inflammation, as is often seen in human patients. In 
each study, the authors found that the immune system 
exerted a selective pressure on cells that would give 
rise to tumors, promoting the survival of those that had 
lost expression of tumor suppressor genes or activated 
a specific oncogene. The findings suggest a major role 
for the immune system in driving tumor evolution across 
multiple types of cancer.


