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Abstract: 
Schizophrenia as a single liability model was confronted to the multiple psychotic phenotypes 
model proposed by the Wernicke-Kleist-Leonhard school, focusing on two: periodic catatonia 
(PC) and cataphasia (C). Both are stable and heritable psychotic phenotypes with no crossed 
liability and are coming with the buildup of specific residual symptoms: impairment of 
psychomotricity for PC and a specific disorganization of thought and language in C. Regional 
cerebral blood flow (rCBF) was used as a biomarker. We attempted to refute the single 
phenotype model by looking at relevant and specific rCBF anomalies for PC and C, that would 
exceed anomalies in common relative to controls (CTR), i.e. looking for a double dissociation. 
Twenty subjects with PC, 9 subjects with C and 27 matched controls had two MRI QUIPSS-II 
arterial spin labeling sequences converted in rCBF. One SPM analysis was performed for each 
rCBF measurement and the results were given as the conjunction of both analysis. There was 
a clear double dissociation of rCBF correlates between PC and C, both being meaningful 
relative to their residual symptomatology. In PC: rCBF was increased in the left motor and 
premotor areas. In C: rCBF was decreased bilaterally in the temporo-parietal junctions. 
Conversely, in both (schizophrenia): rCBF was increased in the left striatum which is known 
to be an anti-psychotics’ effect. These evidences refuted the single schizophrenia model and 
suggested better natural foundations for PC and C phenotypes. They plead for further 
research on them and further research on naturally founded psychotic phenotypes. 

Click here for a short introductory presentation (6 min) 
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1. Introduction 

The field of endogenous psychoses (1) is the one for 
which “cerebral diseases hypotheses” are the most 
likely in psychiatry. But the failure to validate 
schizophrenia as a model has generated a great 
skepticism against the traditional naturalist 
paradigm of scientific medicine which supposes the 
existence of “natural morbid entities”, i.e. diseases 
(2). According to this framework, a disease is a 
biological model of the "pathological dysfunction" 
able to account for a specific phenotype, i.e. clinical 
manifestations. The validation process of a disease 
model generally starts with the “correlation 
method” (3), looking for a robust and specific 
association of the putative phenotype with a 
biomarker. We questioned the “single” 
schizophrenia model and confronted it to the 
“multiple” psychotic phenotypes model proposed by 
the Wernicke-Kleist-Leonhard (WKL) school focusing 
on two of them: periodic catatonia (PC) and 
cataphasia (C). 

As the other ICD / DSM diagnoses, schizophrenia and 
schizo-affective disorders were constructed by 
consensus, a procedure that only favors minimal 
common views. Following Carl Hempel, Rober 
Spitzer only focused on the strengthening of their 
reliability (4), not questioning their natural 
foundations as proposed by Eli Robin and Samuel 
Guze (5). Definitions of natural phenotypes are 
generally constructed by an optimization process 
consisting in a back and forth between observation 
and description, which could not go on if the 
definition remained fixed (6). To our knowledge, only 
the Wernicke-Kleist-Leonhard (WKL) school 
sustained this optimization effort over three 
generations, guided by three specifications of the 
principle of parsimony (1) (see S1). This ended up 
with the distinction of 35 major phenotypes which 
span from affective to psychotic disorders, with 22 of 
them being able to fulfill the DSM-5’s schizophrenia 
diagnosis (7). All have a good reliability (8), but also 
excellent predictive validity (9) and differential 
validity on age of onset, inheritance, fetal event and 
treatment response (1). 

Previous attempt to select among the best 
categorical model used heritability as an external 
validator. The WKL framework outperformed the 
DSM-III in a twin study (10) and more recently the 
DSM-IV, ICD-10 and an exploratory latent class 

analysis in a multiplex family study for predicting 
heritability (11). We wanted to push the same 
question a little bit further in looking at brain 
correlates of these phenotypes. 

For the purpose of this study, both schizophrenia and 
schizo-affective disorders, as operationalized in the 
DSM-5, were considered together as being part of 
the “single” schizophrenia model, which was 
confronted to the WKL “multiple” phenotypes 
model. Only two of the phenotypes that are regularly 
taken for schizophrenia were used because of their 
frequency: C and PC. Both have an estimated 
prevalence between 0.1 and 0.2% of the West-
European population (12). Depending on the 
episode, both phenotypes generally fall within the 
schizoaffective and schizophrenic disorders 
according to ICD / DSM criteria although other 
diagnosis such as depressive, bipolar, or non-
otherwise specified bipolar or psychotic disorders 
might be determined for an episode (13). Both 
typically have a bipolar relapsing-progressive course. 
This means that both excited and inhibited phases 
can be observed and that their respective specific 
residual symptoms will progressively increase 
especially after each relapse. Both phenotypes are 
among the most hereditable WKL “psychotic” 
phenotypes, with affected first degree relatives’ 
percentage, ranging between 15-26% depending on 
the study (12,14,15). PC has a major susceptibility 
locus on chromosome 15q15 (MIM 605419)(15). 
Importantly, C and PC appear to be independent 
phenotypes as there is no crossed inheritance 
(12,14). The core residual symptoms of the 
cataphasic phenotype consist in a disordered logic or 
incoherence and a specific language disorder, 
affecting both syntax and semantic (7). This is 
especially present during the episode, variably 
associated with unspecific affective or psychotic 
features, but it is also more and more apparent 
between the episodes while the phenotype 
progresses. Conversely, the core residual symptoms 
of PC consist in a quantitative and qualitative 
disorder of psychomotricity (7).  

This study intends to confront the single 
schizophrenia model to the PC and C independence 
model, using a comprehensive biological marker, the 
whole brain regional cerebral blood flow (rCBF). We 
anticipated two main issues. 1) PC and C show the 
same rCBF changes in the same brain regions relative 
to controls (CTR), without any phenotype-specific 
changes. This would validate schizophrenia as a 
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single liability model, especially if the changes had 
some relevance for psychosis proneness. 2) PC and C 
have specific anomalies, and these anomalies are 
relevant with their core symptoms. This would 
refute, in the Popperian sense, the single 
schizophrenia model and provide some validation to 
PC and C as independent phenotypes. Specificity was 
operationalized as a double dissociation between PC 
and C (16), which means that PC had to differ from 
CTR in the same regions than it differed from C and 
vice versa. 

2. Material and methods 

2.1. Participants 

Thirty-one patients were recruited by WKL-trained 
psychiatrists (MR, OM, SW, FB, JF) from the non-
invasive neuromodulation center and the university 
psychiatric ward of Strasbourg, by convenience 
sampling method. They had to be right-handed, aged 
between 18 and 65 years, in outpatient setting, 
stabilized for more than a month and fulfill the 
double diagnoses of DSM-5’s schizophrenia or 
schizo-affective disorder (17) and WKL’s periodic 
catatonia (PC) or cataphasia (C). Although the 
screening was based on the original description of 
these phenotypes (7), for replicability, patients also 
had to fulfill operationalized criteria for these 
phenotypes designed to favor specificity over 
sensitivity (see S1). Exclusion criteria included MRI 
contraindication, neurological history, current drug 
abuse except nicotine and past electroconvulsive 
therapy. Twenty-eight controls subjects were 
included, matched by age, sex and year of education 
with the patients’ group. Exclusion criteria were the 
same but adding any significant personal or family 
psychiatric history using both the screening level 1 
instrument proposed in the DSM-5 (17) and medical 
interview. The study protocol complies to the 
declaration of Helsinki (18) and was approved by the 
local ethic committee. Each participant signed 
informed consent and received compensation for 
their participation. 

All subjects were appraised for handedness by the 
Edinburgh inventory (19), IQ was estimated using the 
French National Adult Reading Test or fNART (20) 
and the Mill Hill Vocabulary Scale synonym section 
(part B) as a rating of conceptual ability (21). 
Patients’ general psychopathology was evaluated 
using the positive and negative syndrome scale 
(PANSS)(22), with a special attention to depressive 

symptoms using the Calgary Depression Scale 
(CDSS)(23) and according to the eight dimensions of 
the Clinician-Rated Dimension of Psychosis Symptom 
Severity (CRDPSS)(17). Specific catatonic symptoms 
were evaluated using the Bush and Francis Catatonia 
Rating Scale (BFCRS)(24) whereas specific cataphasic 
symptoms were evaluated using the French version 
of the psychic experimental test operationalized for 
Cataphasia (TePEO-C)(25), an operationalized 
version of the test used by the WKL school for 
thought and language disorders. Antipsychotics 
doses were converted to olanzapine equivalent 
(OLZ)(26), and benzodiazepines doses were 
converted to diazepam equivalent (DZP)(27). 

2.2. Imaging Protocol 

The scanner was a 3 Tesla VERIO with a 32-channel 
head receiver antenna (Siemens, Erlangen, 
Germany). All scanning session took place in the 
morning, and participants were instructed to have a 
good night before, not taking more than one cup of 
coffee and not more than the nicotine equivalent of 
two cigarettes before the scanning session. After the 
acquisition of a 3D T1-weighted (MP-RAGE), a FLAIR 
3D anatomical volume and a field map, participants 
passed two sets of arterial spins labeling images 
covering the whole brain using an EPI based QUIPSS-
II sequence (28) both acquired while subjects were 
in different cognitive sets (see below). The first was 
a “pure ASL” sequence, thanks to a short TE of 9.7 
ms, while the second was an “ASL-BOLD” sequence 
by using a long TE of 21 ms (27). Except for the 
number of volumes and acquisition time (101 vol in 
5 min for pure ASL, 405 vol in about 20 min for ASL-
BOLD), all imaging parameters were kept the same: 
TR = 3000 ms, TI1 = 600 ms, TI2 = 1325 ms, flip angle 
= 90°, resolution = 4 x 4 x 4 mm. The ASL signal was 
computed after rigid registration of the EPI series 
and converted in rCBF (27). 

2.3. Cognitive Tasks 

Different tasks were performed in each ASL 
sequence to constrain the subjects’ cognitive states 
but also to ensure that our results were not 
dependent from them. During the pure ASL 
sequence, the subjects were asked to watch videos 
of real fall or car accidents which luckily did not 
entails casualties. During the ASL-BOLD sequence, 
subjects were confronted with six different tasks of 
intermingled box-car presentation, separated by 
short periods of rest, and requiring answers from the 
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participants, using a three-button box: evaluating 
emotional videos, assessing inner-feelings, mental 
calculation, reading, episodic and verbal working 
memory.  

2.4. Data Pre-Processing and Analysis 

All anatomical scans were visually inspected to 
discard any significant anatomical anomaly and ASL 
volume to discard artifacts. All pre-processing and 
analyses were performed with Matlab12 
(Mathworks, Natick, MA, USA), using the SPM12 
Toolbox (30).  

The rCBF images of each subject were first unwarped 
using the fieldmaps then spatially normalized using 
the deformation field computed on the 3D-T1 
anatomical volume of each subject. Images were 
resliced at 2 x 2 x 2 mm resolution and smoothed 
with a Gaussian 3D filter of 8 x 8 x 8 mm. Two 
statistical parametric analysis were performed on 
the whole brain, one for each ASL sequence. 
Subjects’ rCBF were mathematically projected on the 
design matrix composed by the three regressors for 
the groups (CP, C, CTR), one regressor for the age, 
and regressors for the global blood flow value. 
Groups were compared by a Student t-test for 
groups of unequal variances.  

Assuming that schizophrenia-related changes should 
be the same whatever the WKL-group, these were 
defined as the regions commonly different from the 
CTR by both groups, i.e. as a conjunction of the (CTR 
vs. CP) ^ (CTR vs. C).  

To claim for CP specific changes, these had to be the 
same regardless the group with which the 
comparison was made, i.e. a conjunction of (CP vs. 
CTR) ^ (CP vs. C). The same rule was applied for C 
specific changes, defined as the conjunction (C vs. 
CTR) ^ (C vs. CP). Using an uncorrected α = 0.05 per 
elementary statistical parametric map, this gives a 
first level conjunction map at α² = 0.0025. To avoid a 
possible artefact or a possible interaction with the 
task, only voxels that were commonly significant in 
the pure-ASL and the ASL-BOLD sequences were 
retained, that is second level conjunction, which 
threshold is thus α4 = 6.25 10-6 and using extension 
of k = 125 vx (1 cm3).  

To assess the correlation between the significant 
regions of the above-mentioned SPMs and patients’ 
characteristics, the rCBF values were extracted from 
these regions and averaged. To minimize the number 
of tests, rCBF values measured with both sequences 

were also averaged. Planned correlations were 
between rCBF value for the significant clusters and 
medication daily intake converted in OLZ and DZP 
equivalent, catatonic symptoms given by the BFCSR 
score and cataphasic symptoms evaluated by the 
TePEO-C.  

3. Results 

3.1. Population Characteristics (table 1) 

One patient and one CTR did not complete the study 
and one patient had to be discard because she didn’t 
fill the appropriate WKL diagnoses. From a DSM5 
perspective, there were 20 schizophrenia patients 
and 9 schizo-affective disorder patients, equally 
distributed in the PC and C groups. No patient 
fulfilled the ICD-10 or the DSM-5 diagnosis for 
catatonia in any of their previous episode. Groups 
were not different in terms of age, sex and years of 
education. Patients’ groups did not differ in terms of 
illness’ duration since the first symptoms and 
number of episodes. Patients underperformed in the 
Mill Hill Vocabulary Scale synonym section relative to 
CTR, but this effect was mostly accounted for by C 
patients who had significantly lower score relative to 
PC and CTR. The same was true for the fNART IQ 
evaluation. 

The PANSS total, positive and negative scores were 
not significantly different between PC and C patients. 
The two patients’ groups did not differ on depressive 
symptoms according to the CDSS. Patients’ groups 
significantly differed on three dimensions of the 
CRDPSS (see S2): speech disorganization (PC < C, 0.3 
± 0.1 vs 1.4 ± 0.3, p = 0.004), psychomotricity (PC > C, 
1.7 ± 0.2 vs 0.6 ± 0.2, p = 0.002) and negative 
symptoms (PC > C, 2.4 ± 0.2 vs 0.9 ± 0.4, p = 0.007). 

In accordance with their residual symptoms, PC 
patients had a significantly higher BFCRS score 
relative to C (4.7 ±3.0 vs. 2.0 ±2.6, p = 0.029), 
whereas the latter scored higher at the TePEO-C (6.9 
±3.3 vs. 28.9 ±3.6, p = 1.2 10-7).  

All but three patients were treated with 
antipsychotics. There were no significant differences 
in antipsychotic and benzodiazepine dosage 
between the two groups. 
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3.2. Imaging Results 

3.2.1. Schizophrenia Related rCBF’s Changes 
(table 2, figure 1 in green) 

To consider PC and C as belonging to the same SZ 
group, they had to come with similar differences 
relative to CTR. The conjunction map was significant 
for an increase of rCBF in the left putamen and the 
left somatosensory cortex. There were no significant 
common rCBF decreases. 

There was no significant correlation between rCBF in 
the putamen and antipsychotic dosage according to 
OLZ equivalent (r = - 0.09, n.s.) or DZP equivalent (r = 
0.15, n.s.). 

3.2.2. Periodic Catatonia-Specific rCBF Changes 
(table 2, figure 1 in red) 

PC patients had a higher rCBF than CTR and C in their 
left precentral gyrus ranging from the posterior 
Broca area up to the supplementary motor area 
(SMA), their left prefrontal cortex, and in their 
middle part on the medial cingulate cortex. The 
reverse contrast did not give significant results. 

There was no significant correlation between rCBF in 
the abovementioned regions with catatonic 
symptoms according to the BFCRS (r = - 0.02, n.s.) or 
with any treatment (OLZeq: r = -0.07, n.s.; DZP = -
0.14, n.s.). 

3.2.3. Cataphasia-Specific rCBF Changes (table 2, 
figure 1 in yellow) 

Group C showed a decrease in blood flow in 
comparison with CTR and with PC in the upper 
temporal gyrus level bilaterally and a lateral 
rightward decrease at the angular gyrus level (Table 
2 and Figure 1 - yellow). The reverse contrast did not 
give significant results.  

There was a significant negative correlation between 
rCBF in the TPJ with cataphasic symptomatology 
according to the TePEO-C (r = - 0.68, p = 0.012). There 
was no correlation with treatment doses (OLZ: r = -
0.11, n.s.; DZP: r = 0.12, n.s.). 

4. Discussion 

This study aimed to confront the single 
schizophrenia model to the multiple phenotypes 
model of the WKL school, although limiting its 
investigation to two of them, i.e. PC and C.  

   Patients (SZ) Controls Significance 

  PC C CTR SZ vs CTR PC vs C 

C
h

a
ra

c
te

ri
s

ti
c

s
 

Number 20 9 27   

Age (years) 38 ±13 38 ±7 39 ±9 ns ns 

Sex (F/M) 10 / 10 5 / 4 14 / 13 ns ns 

Academic years 13.4 ±2.6 13 ±2.7 14.3 ±2.3 ns ns 

IQ (fNART) 106.3 ±5.6 102.4 ±3.8 106.6 ±7.0 ns 0.049 

Mill-Hill part B 15.7 ±3.5 13.5 ±2.5 16.9 ±7.0 0.029 0.068 

Edinburgh (manuality) 76 ±39 % 81 ±31 % 83 ±27 % ns ns 

C
li

n
ic

a
l 

SA / SZ 6 / 14 3 / 6   ns 

Duration (years) 15.6 ±12.7 14.4 ±6.4   ns 

Nb episodes 3.3 ±2 4.1 ±2.9   ns 

PANSS total 65.7 ±13.9 66.7 ±16.1   ns 

    PANSS positive 11.7 ±4.4 16.8 ±5.7   ns 

    PANSS negative 19.6 ±5.5 16.8 ±5.7   ns 

CDSS (depression) 3.0 ±3.8 4.7 ±4.9   ns 

BFCRS (catatonia) 4.7 ±3.0 2.0 ±2.6   0.029 

TePEO-C (cataphasia) 6.9 ±3.3 28.9 ±3.6   1.2 ∙ 10-7 

T
T

T
 OLZ equivalent (mg) 13 ±10.9 12 ±5.9   ns 

DZP equivalent (mg) 4.1 ±6.7 7.8 ±20   ns 

Table 1. Population Characteristics. OLZ: antipsychotics doses are given in olanzapine equivalent (in mg); DZP: 
benzodiazepines doses in diazepam equivalent (in mg). 
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Figure 1. Imaging Results. In Green: schizophrenic patients (SZ) related changes, regions with common rCBF 
increase in periodic catatonia (PC) and cataphasia (C) relative to Controls (CTR). In red: PC-specific changes, 
regions with rCBF increase in PC relative to CTR and to C. In blue: C-specific changes, regions with rCBF decrease 
in C relative to CTR and to PC. Conjunction threshold of 6.25 10-6, with extension of 125 vx (1 cm3). 

 

  Cluster size Min single SPM Conjunction SPM Position (mm) 

 Side k (vx) vol (cm3) punc T punc T x y z 

Schizophrenia (+) (CTR < PC) ^ (CTR < C)        

Premotor cortex L 320 2.6 0.0015 3.1 5.3 ∙ 10-12 8.6 -44 -22 50 

Putamen L 435 3.5 0.0020 3.0 1.5 ∙ 10-11 8.3 -20 6 0 

Periodic catatonia (+) (PC > CTR) ^ (PC > C)        

Precentral gyrus L 377 3.0 0.0004 3.5 3.2 ∙ 10-14 10.0 -58 0 14 

Paracentral lobule L 280 2.2 0.0037 2.8 1.9 ∙ 10-10 7.6 -10 -46 62 

Pre- and post-central gyri L 343 2.7 0.0039 2.8 2.9 ∙ 10-10 7.6 -46 -38 50 

Operculum L 175 1.4 0.0044 2.7 3.9 ∙ 10-10 7.4 -48 14 4 

Supplementary motor area R/L 521 4.2 0.0050 2.7 6.3 ∙ 10-10 7.3 10 -10 68 

Cataphasia (-) (C < CTR) ^ (C < PC)        

Superior temporal gyrus R 484 3.9 0.0016 3.1 6.9 ∙ 10-12 8.5 58 -38 14 

Angular gyrus R 255 2.0 0.0026 2.9 4.7 ∙ 10-11 8.0 48 -64 26 

Superior temporal gyrus L 148 1.2 0.0069 2.6 2.2 ∙ 10-9 7.0 -40 -44 22 

Table 2. Statistical Parametric Mapping Results. The cluster size is given in number of voxels (k) or in volume 
(cm3). Significance is given as the minimal value for each individual map as p-value uncorrected for multiple 
testing (punc) and t-value (T). But considering that this was the smaller p-value of the 4 SPMs, the conjunction p- 
and t-values are given in the “Conjunction SPM” columns. Coordinates x,y,z, are given in mm in the MNI space. 



Periodic Catatonia vs Cataphasia - Foucher et al. 

7 
 

Using rCBF as a biological marker, there is strong 
support for a double dissociation between the two 
phenotypes. Results also suggest putative 
pathophysiological account for their clinical 
manifestations. 

4.1. Schizophrenia Related rCBF’s Changes  

The only common differences between PC and C, 
when compared to CTR, were the increases in rCBF 
in the left putamen and the left central gyrus. As this 
was a correlation study, and that all patients but 
three were under antipsychotics, there is no perfect 
way to disentangle between a disorder or a 
medication effect. Striatal involvement has been 
described in drug-naïve psychotic patients, however 
this refer to dopamine occupancy, dopamine 
synthesis, D2 receptor density (31) and BOLD slow 
oscillation connectivity studies (32). However, we 
are not aware of any report about changes in rCBF in 
drug naïve patients whereas there are ample 
evidences from the literature showing antipsychotics 
to induce an unspecific increase of rCBF in both 
structures in patients (33,34) and normal controls 
(35). In the striatum, this comes with increases in 
metabolic consumption (36) and grey matter volume 
(37) in relation with synaptic sprouting (38). 
Nevertheless, the absence of correlation between 
putamen’s rCBF and antipsychotic dosage should 
temper this interpretation. We have no reasons to 
believe that benzodiazepines might have played any 
role in these differences. 

In contradistinction, expected rCBF decreases, 
especially in the prefrontal cortex, could not be 
observed despite their frequent report in perfusion, 
metabolic and anatomic studies (39–41). This might 
be due to the recruitment of PC and C as 
schizophrenic patients. In classical imaging studies, 
the need for the patient consent bias the sample 
towards milder WKL’s phenotypes, i.e. cycloid 
psychoses. They accounted for more than 70% of the 
schizophrenic patients in one of our previous 
imaging study while representing no more than 20% 
of endogenous psychoses (36). These are the 
phenotypes that come with prefrontal anomalies 
such as reduced rCBF (43) together as enlarged 
lateral ventricles (44) and cortical defects (45), the 
two latter being absent in PC and C (44,45). 

As an intermediate conclusion, the patient’s group 
effect, i.e. effect common between PC and C, might 
be better accounted for by the medication, rather 

than the disorder, i.e. providing no argument for 
schizophrenia to be a homogeneous “single” entity. 

4.2. Periodic Catatonia-Specific rCBF 
Changes 

PC-specific perfusion increases were observed in the 
left primary motor, pre-motor and Broca areas, 
together with the SMA, bilaterally. This could not be 
due to the antipsychotics or benzodiazepines as PC 
and C were treated with similar doses. A phenotype 
effect is thus very likely. A swiss group in Bern 
reported a similar SMA and left sided premotor 
hyper-perfusion pattern in a catatonic subgroup of 
schizophrenic patients as defined by two positive 
items in the BFCRS vs. patients without catatonic 
symptoms (46). Considering that persistent catatonic 
features are mostly seen in periodic catatonia and 
the six systems catatonias phenotypes (7) but that 
the latter are generally too impaired to be enrolled 
in a study, it is very likely that the Bern’s team (46) 
might have compared a group enriched with PC to a 
group enriched with “other” schizophrenic 
phenotypes. The clear left-sided changes are harder 
to understand, but might be related with the even 
larger left-sided laterality for psychomotricity than 
for language, as demonstrated by ideomotor apraxia 
(47).  

The absence of correlation between rCBF in motor-
premotor cortices and BFCRS score could be due to 
the lack of specificity of this scale. The BFCRS is a 
mere aggregation of psychomotor distortions 
symptoms (22), many of which being only seen in 
system catatonias and never observed in PC (7). 
Conversely, parakinesia, a major sign in PC, is not 
considered as well as attenuated quantitative 
psychomotor disturbances, which are taken for 
negative symptoms. 

This increased base-line activity concerns regions 
involved in programming, control and monitoring of 
motor functions. This good agreement with the core 
residual symptomatology of this phenotype sheds 
new lights on the pathophysiology of the clumsiness, 
the parakinesias and the mix of retarded and excited 
psychomotor symptoms. These could be interpreted 
as a reduction of the signal-noise ratio, that would 
also explain why catatonic patients had a lower BOLD 
signal in the motor cortices during a finger tapping 
task (48). Both perfusion increase and lower signal-
noise ratio could be underpinned by the reduction of 
GABAA receptors, binding in the primary motor 
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cortex of catatonic patients (49). This hypothesis of a 
defective inhibition is further supported by the anti-
catatonic effect of GABAA positive modulator, e.g. 
benzodiazepines (50), barbiturates (51), and 
electroconvulsive therapy (52,53). There is also 
evidence showing that such reduced cortical 
inhibition is compensated by antipsychotics (54), 
with a potentially larger effect of clozapine (55), a 
treatment that might be especially effective in PC 
(56).  

4.3. Cataphasia-Specific rCBF Changes  

The C-specific rCBF decreases bilaterally in the 
temporo-parietal junctions (TPJ) is in accordance 
with a previous report of a reduced BOLD activity in 
the left TPJ when patients had positive formal 
thought disordered speech during the scanning 
session (57). Again, this result could not be 
accounted for by the medications as C and PC were 
under similar doses of antipsychotics and 
benzodiazepines. 

Such observations give some cues for the 
pathophysiology of core cataphasic symptoms. The 
posterior part of left superior temporal and angular 
gyri are known to play a crucial role in understanding 
and language production, with clinical pictures of 
fluent aphasia emerging from their lesion, i.e. 
Wernicke aphasia, and transcortical sensory aphasia 
(58,59). Both come with a classical logorrhea in acute 
setting and persistent paraphasias, paragramatism 
and difficulties in understanding language, which are 
responsible for distrust of the environment (59,60). 
Comprehension may be further impaired by the 
involvement of the right TPJ, which supports the 
construct of a contextually related coherent 
meaning of language including paralinguistic 
aspects, such as understanding emotional 
intonation, metaphor, irony, and social cognition 
(61). These features are very consistent with 
schizophasia and residual cataphasic symptoms (7).  

The relationship between core cataphasic symptoms 
and rCBF decreases in the TPJ is further strengthened 
by the significant negative correlation between 
perfusion of both TPJ and the TePEO-C score. 
Conversely to the BFCRS, the TePEO-C has been 
especially developed to measure the specific 
cataphasic symptoms such as conceptual loosening 
and the above-mentioned lexical and semantic 
distortions. This might be related to the significantly 
lower scores in fNART and Mill Hill of C patients. 
These are generally interpreted as crystallized 

intelligence, but considering the roughly similar 
number of academic years in C relative to PC and 
CTR, these results could also be interpreted as a 
pathology-related loss in language abilities. 

To conclude from the two last parts, we observed a 
clear double dissociation between PC and C with 
specific rCBF changes. Perfusion anomalies are not 
only diametrically opposed, i.e. increase in PC vs. 
decrease in C, but also in separated brain regions, 
compatible with the core residual symptoms, i.e. 
motor and pre-motor areas for the phenotype 
marked by dysfunctional psychomotricity (PC) and 
temporo-parietal junctions bilaterally for the 
phenotype manifesting specific disorganization of 
concepts and language (C).  

4.4. Limitations 

Although the initial plans were to recruit as much C 
than PC patients with an objective of 15 or more in 
each group, the number of C subjects remained 
below our expectations. The distrust that frequently 
comes with the residual state of cataphasic patients 
made them harder to recruit. The use of the 
conjunction between the pure ASL and ASL-BOLD 
sequence cannot be considered as a reproduction. 
This procedure only limits the risk of methodological 
artifact and ensures that the group difference was 
intrinsic and not related to any specific cognitive 
state. A replication study, including new participants 
remains desirable. It could further extend these 
results by including cycloid psychoses such as 
confusion and motility psychoses, which might have 
close albeit distinguishable clinical manifestations, in 
comparison to both C and CP, and also a more benign 
purely relapsing-remitting course (7). 

Finally, the “schizophrenia”-group effect remains 
difficult to interpret because of the tight correlation 
of the medication factor with it. This should temper 
our interpretation of an absence of a schizophrenia 
effect. Importantly however C- and PC-specific rCBF 
anomalies were much more striking than their 
similarities and could not be accounted for by the 
medications since both antipsychotics and 
benzodiazepines were at the same doses in both 
groups and that no correlation could be seen with 
treatment dosage. This report of selective and 
permanent regional functional changes, associated 
with PC and C is only the first step for validating both 
phenotypes as “syndromes”, i.e. residual symptoms 
congruent with the functions supported by these 
brain regions. This might be mere final common 
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pathways responding to different etiologies. Indeed, 
there are already evidence for PC to be related to 
different loci (62). 

5. Conclusion 

The relevance of this functional double dissociation 
between PC and C contrasted with the unspecific and 
probably treatment-related nature of PC and C 
functional commonalities. According to our 
premises, these results come along the better 
prediction in heritability (10,11) to suggest that WKL 
phenotypes might be closer to natural kinds than ICD 
or DSM and should deserve further attention. They 
also provided some cues for future validation of the 
PC and C phenotypes considering the accordance of 
the function supported by their functionally 
abnormal regions with their respective core 
symptomatic features. Such causal models could be 
validated by controlled experiments, e.g. by 
correcting their regional functional anomalies using 
personalized transcranial magnetic stimulation (63) 
in order to test the improvement of their respective 
core residual symptoms. 

Acknowledgments 

The authors want to thank Mrs Corinne Marrer, Mrs 
Annabel Schneider, Celine Behrendt and Mr Gregory 
Johais for data collection and gathering, and Mr 
Christophe Panzer for the English correction. 
Funding: This work was supported by the 
Programme Hospitalier de Recherche Clinique 
“Connectivité” and the “Plateforme d’imagerie in 
vivo” of the iCube Laboratory 

 

References 
1. Foucher JR, Stöber G. The Wernicke-Kleist-Leonhard 

school: an epistemological perspective on their 
endogenous psychosis phenotypes. Dialogues Clin 
Neurosci. (in press); 

2. Boorse C. Health as a theoretical concept. Philos Sci. 
1977;44(4):542–573.  

3. de Saint-Maur PP. The birth of the 
clinicopathological method in France: the rise of 
morbid anatomy in France during the first half of the 
nineteenth century. Virchows Arch. 
2012;460(1):109–17. 

4. Hempel CG. Introduction to problems of taxonomy. 
In: Zubin J, editor. Field studies in the mental 
disorders. New York, USA: Grune and Stratton; 1961. 
p. 3–22.  

5. Robins E, Guze SB. Establishment of Diagnostic 
Validity in Psychiatric Illness. Am J Psychiatry. 
1970;126(7):107–11. 

6. Foucher J-R, Bennouna Greene V. La CIM et le DSM 
ou l’impossible validation : pourquoi le ver est dans 
le fruit. Ann Médico-psychologiques, Rev Psychiatr. 
2010;168(8):609–15.  

7. Leonhard K. Classification of Endogenous Psychoses 
and their Differentiated Etiology. Beckmann H, 
editor. Vienna: Springer Vienna; 1999.  

8. Pfuhlmann B, Franzek E, Stöber G, Cetkovich-Bakmas 
M, Beckmann H. On interrater reliability for 
Leonhard’s classification of endogenous psychoses. 
Psychopathology. 1997;30(2):100–5. 

9. Pethő B, Tolna J, Tusnády G, Farkas M, Vizkeleti G, 
Vargha A, et al. The predictive validity of the 
Leonhardean classification of endogenous 
psychoses. Eur Arch Psychiatry Clin Neurosci. 
2008;258(6):324–34. 

10. Franzek E, Beckmann H. Different genetic 
background of schizophrenia spectrum psychoses: a 
twin study. AmJPsychiatry [Internet]. 1998;155:76–
83. 

11. Peralta V, Goldberg X, Ribeiro M, Sanchez-Torres 
AM, Fañanás L, Cuesta MJ. Familiality of psychotic 
disorders: A polynosologic study in multiplex 
families. Schizophr Bull. 2016;42(4):975–83. 

12. Jabs BE. Untersuchungen zur Nosologie der 
Kataphasie. Würzburg, Germany; 2005.  

13. Neumärker K-J, von Trostorff S, Burkhardt U, Weise 
C, Yang L, Moises HM. Periodic catatonia families 
diagnosed according to different operational criteria 
for schizophrenia: Preliminary results of linkage 
analysis. In: Beckmann H, Neumärker K-J, editors. 
Endogenous psychoses: Leonhard’s impact on 
modern psychiatry. Berlin, Germany: Ullstein-
Mosby; 1995. p. 176–81. 

14. Stöber G. Genetic predisposition and environmental 
causes in periodic and systematic catatonia. Eur Arch 
Psychiatry Clin Neurosci . 2001;251 Suppl:I21-4. 

15. Stöber G, Saar K, Rüschendorf F, Meyer J, Nürnberg 
G, Jatzke S, et al. Splitting schizophrenia: periodic 
catatonia-susceptibility locus on chromosome 
15q15. Am J Hum Genet . 2000;67(5):1201–7. 

16. Dunn JC, Kirsner K. What can we infer from double 
dissociations? Cortex . 2003;39(1):1–7. 

17. American Psychiatric Association. DSM 5. American 
Journal of Psychiatry. 2013. 991 p.  

18. World Medical Association. World Medical 
Association Declaration of Helsinki. JAMA. 
2013;310(20):2191. 

19. Oldfield RC. The assessment and analysis of 
handedness: the Edinburgh inventory. 
Neuropsychologia. 1971;9(1):97–113. 

20. Mackinnon A, Mulligan R. The estimation of 
premorbid intelligence levels in French speakers. 
Encephale . 2005;31(1 Pt 1):31–43. 



Periodic Catatonia vs Cataphasia - Foucher et al. 

10 
 

21. Raven J. Echelle de vocabulaire Mill Hill. Paris: EAP; 
1998.  

22. Kay SR, Fiszbein A, Opler LA. The positive and 
negative syndrome scale (PANSS) for schizophrenia. 
Schizophr Bull. 1987;13(2):261–76. 

23. Addington D, Addington J, Maticka-Tyndale E, Joyce 
J. Reliability and validity of a depression rating scale 
for schizophrenics. Schizophr Res . 1992 Mar [cited 
2016 Aug 18];6(3):201–8. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/1571313 

24. Bush G, Fink M, Petrides G, Dowling F, Francis A. 
Catatonia. I. Rating scale and standardized 
examination. Acta Psychiatr Scand. 1996;93(2):129–
36. 

25. Mainberger O. Validation du test psychique 
expérimental opérationnalisé pour le diagnostic de 
cataphasie. Strasbourg, France; 2015. 

26. Leucht S, Samara M, Heres S, Davis JM. Dose 
Equivalents for Antipsychotic Drugs: The DDD 
Method. Schizophr Bull. 2016;42(suppl 1):S90–4. 

27. Brett J, Murnion B. Management of benzodiazepine 
misuse and dependence. Aust Prescr. 
2015;38(5):152–5. 

28. Wong EC, Buxton RB, Frank LR. Quantitative imaging 
of perfusion using a single subtraction (QUIPSS and 
QUIPSS II). Magn Reson Med. 1998;39(5):702–8. 

29. Foucher JR, Roquet D, Marrer C, Pham B-T, Gounot 
D. Correcting for the echo-time effect after 
measuring the cerebral blood flow by arterial spin 
labeling. J Magn Reson Imaging. 2011;34(4):785–90. 

30. Friston KJ, Ashburner J, Kiebel S, Nichols T, Penny 
WD. Statistical parametric mapping : the analysis of 
funtional brain images. Elsevier, Academic Press; 
2007. 647 p.  

31. Brunelin J, Fecteau S, Suaud-Chagny M-F. Abnormal 
striatal dopamine transmission in schizophrenia. 
Curr Med Chem. 2013;20(2):397–404. 

32. Martino M, Magioncalda P, Yu H, Li X, Wang Q, Meng 
Y, et al. Abnormal Resting-State Connectivity in a 
Substantia Nigra-Related Striato-Thalamo-Cortical 
Network in a Large Sample of First-Episode Drug-
Naïve Patients With Schizophrenia. Schizophr Bull 
2018;15;44(2):419-431. 

33. Handley R, Zelaya FO, Reinders AATS, Marques TR, 
Mehta MA, O’Gorman R, et al. Acute effects of 
single-dose aripiprazole and haloperidol on resting 
cerebral blood flow (rCBF) in the human brain. Hum 
Brain Mapp. 2013;34(2):272–82. 

34. Livingston GL and the Scottish Schizophrenia 
Research Group. Regional cerebral blood flow in 
first-episode schizophrenia patients before and after 
antipsychotic drug treatment. Acta Psychiatr Scand. 
1998;97(6):440–9. 

35. Michels L, Scherpiet S, Stampfli P, Herwig U, Bruhl 
AB. Baseline perfusion alterations due to acute 
application of quetiapine and pramipexole in healthy 

adults. Int J Neuropsychopharmacol. 2016;19(11) : 
1–11. 

36. Potkin SG, Buchsbaum MS, Jin Y, Tang C, Telford J, 
Friedman G, et al. Clozapine effects on glucose 
metabolic rate in striatum and frontal cortex. J Clin 
Psychiatry. 1994;55 Suppl B:63–6. 

37. Brandt GN, Bonelli RM. Structural neuroimaging of 
the basal ganglia in schizophrenic patients: a review. 
Wiener Medizinische Wochenschrift. 2008;158(3–
4):84–90. 

38. Konradi C, Heckers S. Antipsychotic drugs and 
neuroplasticity: insights into the treatment and 
neurobiology of schizophrenia. Biol Psychiatry. 
2001;50(10):729–42. 

39. Zhu J, Zhuo C, Xu L, Liu F, Qin W, Yu C. Altered 
Coupling Between Resting-State Cerebral Blood Flow 
and Functional Connectivity in Schizophrenia. 
Schizophr Bull. 2017;43(6):1363–74. 

40. Mitelman SA, Bralet M-C, Mehmet Haznedar M, 
Hollander E, Shihabuddin L, Hazlett EA, et al. Positron 
emission tomography assessment of cerebral 
glucose metabolic rates in autism spectrum disorder 
and schizophrenia. Brain Imaging Behav. (in press). 

41. Walton E, Hibar DP, van Erp TGM, Potkin SG, Roiz-
Santiañez R, Crespo-Facorro B, et al. Prefrontal 
cortical thinning links to negative symptoms in 
schizophrenia via the ENIGMA consortium. Psychol 
Med. 2017;1–13. 

42. Foucher JR, Luck D, Marrer C, Pham B-T, Gounot D, 
Vidailhet P, et al. fMRI working memory hypo-
activations in schizophrenia come with a coupling 
deficit between arousal and cognition. Psychiatry 
Res Neuroimaging. 2011;194(1):21–9. 

43. Jönsson SAT, Warkentin S, Nilsson A. rCBF-findings in 
cycloid psychosis. Biol Psychiatry. 1997;42(1):196S. 

44. Franzek E, Becker T, Hofmann E, Flöhl W, Stöber G, 
Beckmann H. Is computerized tomography 
ventricular abnormality related to cycloid psychosis? 
Biol Psychiatry. 1996;40(12):1255–66. 

45. Supprian T, Rückert S, Bendszus M, Hofmann E, 
Franzek E. Cranial computed tomography 
parameters in endogenous psychoses: A prospective 
study. In: Franzek E, Ungvari GS, Rüther E, Beckmann 
H, editors. Progress in differentiated 
psychopathology. Würzburg, Germany: International 
Wernicke-Kleist-Leonhard society; 2000. p. 199–205.  

46. Walther S, Schäppi L, Federspiel A, Bohlhalter S, 
Wiest R, Strik W, et al. Resting-State Hyperperfusion 
of the Supplementary Motor Area in Catatonia. 
Schizophr Bull. 2017;43(5):972–81. 

47. Gross RG, Grossman M. Update on apraxia. Curr 
Neurol Neurosci Rep. 2008;8(6):490–6. 

48. Scheuerecker J, Ufer S, Käpernick M, Wiesmann M, 
Brückmann H, Kraft E, et al. Cerebral network deficits 
in post-acute catatonic schizophrenic patients 
measured by fMRI. J Psychiatr Res. 2009;43(6):607–
14. 



Periodic Catatonia vs Cataphasia - Foucher et al. 

11 
 

49. Northoff G, Steinke R, Czcervenka C, Krause R, Ulrich 
S, Danos P, et al. 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(4):445–50. 

50. Ungvari GS, Leung CM, Wong MK, Lau J. 
Benzodiazepines in the treatment of catatonic 
syndrome. Acta Psychiatr Scand . 1994;89(4):285–8. 

51. Lewis JL, Santos AB, Knox EP. Inducing catatonic 
patients to eat with daily administration of 
amobarbital sodium. South Med J. 
1989;82(10):1315–6. 

52. Luchini F, Medda P, Mariani MG, Mauri M, Toni C, 
Perugi G. Electroconvulsive therapy in catatonic 
patients: Efficacy and predictors of response. World 
J psychiatry. 2015;5(2):182–92. 

53. Ferraro TN, Golden GT, Hare TA. Repeated 
Electroconvulsive Shock Selectively Alters gamma-
Aminobutyric Acid Levels in the Rat Brain: Effect of 
Electrode Placement. Convuls Ther. 1990;6(3):199–
208. 

54. Daskalakis ZJ, Christensen BK, Chen R, Fitzgerald PB, 
Zipursky RB, Kapur S. Evidence for impaired cortical 
inhibition in schizophrenia using transcranial 
magnetic stimulation. Arch Gen Psychiatry. 
2002;59(4):347–54. 

55. Daskalakis ZJ, Christensen BK, Fitzgerald PB, Moller 
B, Fountain SI, Chen R. Increased cortical inhibition 
in persons with schizophrenia treated with 
clozapine. J Psychopharmacol. 2008;22(2):203–9. 

56. Stöber G. Different etiological backgrounds in 
periodic catatonia and systematic catatonia. In: 
Franzek E, Ungvari GS, Rüther E, Beckmann H, 
editors. Progress in differentiated psychopathology. 
Würzburg, Germany: International Wernicke-Kleist-
Leonhard society; 2000. p. 280–91. 

57. Kircher TT, Liddle PF, Brammer MJ, Williams SC, 
Murray RM, McGuire PK. Neural correlates of formal 
thought disorder in schizophrenia: preliminary 
findings from a functional magnetic resonance 
imaging study. Arch Gen Psychiatry. 2001;58(8):769–
74. 

58. Boatman D, Gordon B, Hart J, Selnes O, Miglioretti D, 
Lenz F. Transcortical sensory aphasia: revisited and 
revised. Brain. 2000;1634–42. 

59. Kleist K. Alogical thought disorder: an organic 
manifestation of the schizophrenic psychological 
deficit. In: Cutting J, Shepherd M, editors. The Clinical 
Roots of the Schizophrenia Concept. Cambridge: 
Cambridge University Press; 1987. p. 75–8. 

60. Benson DF, Ardila A. Aphasia : a clinical perspective. 
Oxford University Press; 1996. 441 p.  

61. Lomlomdjian C, Múnera CP, Low DM, Terpiluk V, 
Solís P, Abusamra V, et al. The right hemisphere’s 
contribution to discourse processing: A study in 
temporal lobe epilepsy. Brain Lang. 2017;171:31–41. 

62. Stöber G, Seelow D, Rüschendorf F, Ekici A, 
Beckmann H, Reis A. Periodic catatonia: 
confirmation of linkage to chromosome 15 and 
further evidence for genetic heterogeneity. Hum 
Genet. 2002;111(4–5):323–30. 

63. Foucher JR. Perspectives in Brain Imaging and 
Computer-Assisted Technologies for the Treatment 
of Hallucinations. In: The Neuroscience of 
Hallucinations. New York, NY: Springer New York; 
2013. p. 529–47. 

 

Supplement 1. General information regarding the 
WKL classification with special focus on periodic 
catatonia and cataphasia. 

Supplement 2. Radar plot of Clinician-Rated 
Dimension of Psychosis Symptom Severity for 
periodic catatonia (red) and cataphasia (blue). 

http://www.cercle-d-excellence-psy.org/fileadmin/cep_files/Articles/A_double_dissociation_between_two_psychotic_phenotypes-Cataphasia_vs_periodic_catatonia_S1_PNBP.pdf
http://www.cercle-d-excellence-psy.org/fileadmin/cep_files/Articles/A_double_dissociation_between_two_psychotic_phenotypes-Cataphasia_vs_periodic_catatonia_S1_PNBP.pdf
http://www.cercle-d-excellence-psy.org/fileadmin/cep_files/Articles/A_double_dissociation_between_two_psychotic_phenotypes-Cataphasia_vs_periodic_catatonia_S1_PNBP.pdf

	1. Introduction
	2. Material and methods
	2.1. Participants
	2.2. Imaging Protocol
	2.3. Cognitive Tasks
	2.4. Data Pre-Processing and Analysis

	3. Results
	3.1. Population Characteristics (table 1)
	3.2. Imaging Results
	3.2.1. Schizophrenia Related rCBF’s Changes (table 2, figure 1 in green)
	3.2.2. Periodic Catatonia-Specific rCBF Changes (table 2, figure 1 in red)
	3.2.3. Cataphasia-Specific rCBF Changes (table 2, figure 1 in yellow)


	4. Discussion
	4.1. Schizophrenia Related rCBF’s Changes
	4.2. Periodic Catatonia-Specific rCBF Changes
	4.3. Cataphasia-Specific rCBF Changes
	4.4. Limitations

	5. Conclusion
	Acknowledgments
	References

