
NEURORADIOLOGY 
Stereological Volumetry of      
Cerebral Hemispheres and Lateral 
Ventricles Using MRI in        
Schizophrenia Subtypes 

 

Background/Objectives:� The� structural� changes� of� brain� (cerebral� and� lateral� ventricles�
volumes)� in�schizophrenia�are�controversial.�This� is�partly�due� to� the�heterogenicity�of� the�
schizophrenia�subtypes.� In�this�study�we�compared�the�changes� in�the�volumes�of�cerebral�
hemispheres�and�lateral�ventricles�in�3 subtypes�of�schizophrenia�(paranoid,�undifferentiated�
and�residual)�with�normal�controls.�
Materials� and�Methods:� 29� schizophrenia� patients� (21�men,� 8 women)� of� 3 subtypes� of�
paranoid,�undifferentiated,�and� residual� (according� to�DMS-IV�criteria)�were�compared�with�
29� age-� and�gender-matched�normal� controls.�All� cases� and� controls�underwent� 3-D�brain�
MRI�of�full�coronal�series,�1.5�mm�slices�without�interslice�gaps.�The�hemispheres�and�lateral�
ventricles�were�outlined�and� their�volumes�were�calculated�using�Cavalieri’s�Principle.�The�
results�were�statistically�analyzed.�
Results:�The�brain�was�slightly�but�insignificantly�smaller�in�the�schizophrenia�patients.�Only�
the� residual� subtype� showed� a significant� reduction� in� cerebral� and� hemispheric� volumes�
than�controls�(p<0.05).�The�volumes�of�right�and�left�ventricle,�separately�and�together�were�
larger�than�controls�(p<0.03).�The�ventricle-to-brain�ratios�(VBRs)�were�greater� in�the�cases�
(p<0.05).� The� paranoid� subtype� patients� had� larger� ventricles� and� VBRs� than� controls�
(p<0.05).� The� lateral� ventricle� volumes� and� VBRs� in� the� undifferentiated� subtype� were�
similar�to�the�controls.�In�the�residual�subtypes,�the�ventricular�volumes�were�similar�to�and�
the�VBRs�were�larger�than�controls�(p<0.05).�
Conclusion:�Schizophrenia�is�a heterogeneous�disorder�regarding�its�symptoms�and�neuropa-
thological�changes.�The�patterns�of�change� in�the�cerebral�and�ventricular�volumes�differed�
in�the�studied�3 subtypes.�
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Introduction 
 

chizophrenia is the most common and the most severe psychotic disorder 
which presents with delusions, hallucinations, disorganized behavior and 

speech, and negative symptoms.1 Despite its unknown etiology, both Kraepelin 2

and Bleuler,3 who first described the disease, believed that eventually a relation-
ship between the structural brain abnormalities and the etiology of schizophre-
nia would be revealed. In the late nineteenth and early twentieth centuries, lots 
of autopsies were performed to seek the anatomical abnormalities of the brain in 
schizophrenic patients, but many of them failed primarily due to low precision 
of measuring techniques and instruments, and the fact that the scientists ex-
pected overt abnormalities.4-6 Later, controlled trials were negative for brain 
abnormalities in schizophrenia.7,8 Following the first report on presence of 
abnormal findings on brain CT scan of schizophrenic patients by Johnstone et 
al,9 the enthusiasm about the subject resurged. The autopsy studies were started 
again by Kovelman and Scheibel 10 and soon it was widely agreed that schizo-
phrenia must be considered as an organic brain disorder.11 
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With the first MR study in schizophrenia by Smith et 
al in 1984, 12 the researchers were offered a unique 
opportunity to examine the special brain areas in 
alive patients. Unlike CT scan, MR images can 
discriminate between the grey and white matter of 
brain with a much better resolution, so that MRI has 
become the imaging modality of choice in evaluation 
of brain changes during schizophrenia. 13

Although some MR studies have reported changes in 
brain volume 14-25 and the volume of lateral ventricles 
14-16, 20, 22, 24, 26-33, there are some reports that could not 
find any meaningful difference in the size of brain29-32 
and lateral ventricles34,35 between normal controls 
and the patients with schizophrenia. The discrepancy 
can be partly due to the heterogenicity of schizo-
phrenia subtypes,36 as well as differences in calculat-
ing the cerebral size using the MR slices. 37 Moreover, 
some studies suggest that brain morphology can 
predict the course of the disease and the outcome for 
neuroleptic drugs use.38 
In the present study, schizophrenia was regarded as a 
heterogeneous disorder, and the changes in cerebral 
hemispheres and lateral ventricles volumes in 3 
subtypes of schizophrenia (paranoid, undifferenti-
ated, and residual) were compared with the normal 
controls. The calculations for measuring cerebral 
hemispheres and lateral ventricles volumes by means 
of MR images have been done by unbiased stereo-
logical methods.37 

Materials and Methods 
 

Patients 
Twenty-nine patients with schizophrenia (21 men 

and 8 women) were selected from the patients who 
referred to the day clinic or were hospitalized in Iran 
and Razi Psychiatry Hospitals, Tehran. The patients 
were vigilantly interviewed by 2 expert psychiatrists; 
and after confirming a diagnosis of schizophrenia, the 
patients were grouped as paranoid, undifferentiated 
or residual subtypes according to the diagnostic 
criteria of DMS-IV.1 The patients with neurological 
diseases such as epilepsy and mental retardation, 
illicit drug users, and those with a history of head 
trauma were excluded. All the studied patients were 
receiving neuroleptic medication. Of 29 schizo-
phrenic patients, 10 were paranoid type (7 men, 3 
women); 10 undifferentiated (7 men, 3 women) and 9 
residual (5 men, 4 women.) 

To match the controls and cases for age and gender, 
for each patient a healthy volunteer of the same 
gender and of the similar age range (± 5 years) was 
chosen that was negative for neurological diseases, 
illicit drug use and history of head trauma, and their 
psychiatric well-being was approved by an expert 
psychiatrist.  

MR imaging 
All the cases and controls underwent brain MRI in 

Kourosh Imaging Center, Tehran. The MR system 
was a MAGNETOM Symphony Maestro Class, 1.5 T 
scanner (Siemens, Germany.) MR parameters were: 
3-D MRI, complete coronal series, 1.5 mm slices 
without interslice gaps, TR= 1,920 ms, TE= 3.93 ms, 
TI= 1,100 ms, matrix size= 256 × 179, FOV= 240 × 240 
mm, and a scanning time of 5 minutes and 40 sec-
onds. The imaging data was saved on CD. 

 

Calculations using stereological methods  
The imaging data CD was retrieved using the soft-

ware Osiris. The outline of the hemispheres and the 
lateral ventricles were carefully determined.(Figure 
1) Then using a point grid, the surface area of each 
hemisphere and lateral ventricle was manually 
calculated in Photoshop®. (Figure 2) The volumes 
were calculated using Cavalieri’s Principle, which is a 
stereological method,37 by multiplying the sum of 
consecutive surface areas in coronal slices by their 
thicknesses. Stereological methods are the best 
unbiased methods available for 3-D calculations from 
2-D images. 37 For statistical analysis, we used the 
ventricle-to-brain ratio (VBR), as well as the volumes 
of hemispheres and lateral ventricles. 
 

Statistical Analysis 
The means, variances, and standard deviations of the 
parameters were calculated and then, one-tailed 
Student’s t-test was used to compare the demographic 
characteristics and cerebral and ventricular volumes 
between the cases and controls.  

 

Figure 1: Determining the outline of hemispheres and lateral 
ventricles 
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Figure 2: Calculation of the surface area of lateral ventricles using 
point counting of a point grid 
 
To compare the demographic data and cerebral and 
ventricular volumes among the three schizophrenic 
subtypes, the one way ANOVA; and for paired 
comparisons among the subtypes, Tukey’s procedure 
was used. A p value of less than 0.05 was considered 

statistically significant. The correlation coefficient 
was determined by Pearson and Spearman’s tests. All 
the calculations were done using SPSS 10. 

 

Results 
 

Table 1 presents the demographic data and cerebral 
and ventricular volumes in the schizophrenia pa-
tients (and the subtypes) and healthy controls. Tables 
2-4 present these data between different subtypes 
(paranoid, undifferentiated, and residual) with their 
controls. The mean duration of schizophrenia was 
11.3± 8.4 years (6 months to 36 years). Since the 
disease duration did not have a normal distribution 
pattern in our patients, we adopted Spearman’s test to 
assess the relationship between the brain volumes 
and disease duration. So, we found that the cerebral 
volume (p= 0.017), right hemisphere volume (p= 
0.006) and left hemisphere volume (p= 0.008) re-
duced with the longer disease durations, but the 
disease duration appeared to have no effect on lateral 
ventricular volumes.  

 
Table 1: Comparison of demographic characteristics and volumetric information between schizophrenic patients and normal controls 

Schizophrenics (N=29) Normal controls (N=29) Percentile difference(%) P value
Age (years) 36.41±12.74 36.52±12.66 -0.30 NS
Weight (kg) 67.59±9.55 72.69±9.91 -7.01 NS
Sex (M/F) 21/8 21/8 - -
Handedness (R/L) 27/2 23/6 - -
WBV (cm³) 1262.64±145.51 1318.01±144.46 -4.20 NS
RHV (cm³) 549.47±68.26 572.16±65.84 -3.97 NS
LHV (cm³) 545.37±66.97 569.73±64.74 -4.28 NS
WLvV (mm³) 19433.75±6599.91 15078±6488.26 28.89 0.01
RLvV (mm³) 8880.09±3476.82 6903.81±2568.85 28.63 0.02
LLvV (mm³) 10553.66±3571.17 8174.82±4113.35 29.10 0.02
VBR (W) 1.55×10-²±5.35×10-³ 1.13×10-²±3.91×10-³ 37.60 0.001
VBR (R) 1.63×10-²±6.20×10-³ 1.19×10-²±3.60×10-³ 36.44 0.002
VBR (L) 1.95×10-²±6.81×10-³ 1.41×10-²±5.77×10-³ 38.81 0.002

Raw mean±SD, M=Male, F=Female, R=Right-handed, L=Left-handed, WBV= Whole brain volume, RHV=Right hemisphere volume, LHV=Left hemisphere volume, WLvV= Whole lateral ventricle 
volume, RLvV=Right lateral ventricle volume, LLvV=Left lateral ventricle volume, VBR(W)=WLvV/WBV, VBR(R)=RLvV/RHV, VBR(L)=LLvV/LHV, NS=Non significant 
 

Table 2: Comparison of demographic characteristics and volumetric information between paranoid subtype of schizophrenic patients and normal controls 
Paranoid (N=10) Normal controls (N=10) Percentile P value

Age (years) 33.70±15.47 34±14.85 -0.88 NS
Weight (kg) 70.80±10.58 66.90±10.84 5.83 NS
Sex (M/F) 7/3 7/3 - -
Handedness (R/L) 7/3 9/1 - -
WBV (cm³) 1328.29±171.31 1310.74±166.19 1.34 NS
RHV (cm³) 581.56±78.12 575.02±79.35 1.14 NS
LHV (cm³) 574.78±81.09 566.76±71.14 1.42 NS
WLvV (mm³) 22075.78±6868.13 14681.92±6273.19 50.36 0.02
RLvV (mm³) 9892.52±3587.25 6443.16±2642.60 53.54 0.03
LLvV (mm³) 12183.26±4051.13 8238.76±3853.80 47.88 0.04
VBR (W) 1.69×10-²±6.08×10-³ 1.11×10-²±4.05×10-³ 52.71 0.02
VBR (R) 1.73×10-²±6.92×10-³ 1.11×10-²±4.13×10-³ 55.57 0.03
VBR (L) 1.16×10-²±8.15×10-³ 1.43×10-²±5.53×10-³ -18.67 0.03

Raw mean±SD, M=Male, F=Female, R=Right-handed, L=Left-handed, WBV= Whole brain volume, RHV=Right hemisphere volume, LHV=Left hemisphere volume, WLvV= Whole lateral ventricle 
volume, RLvV=Right lateral ventricle volume, LLvV=Left lateral ventricle volume, VBR(W)=WLvV/WBV, VBR(R)=RLvV/RHV, VBR(L)=LLvV/LHV, NS=Non significant 
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Table 3: Comparison of demographic characteristics and volumetric information between undifferentiated subtype of schizophrenic patients and normal controls 
Undifferentiated (N=10) Normal controls (N=10) Percentile difference(%) P value 

Age (years)  33.60±10.57 34.90±11.69 -3.72 NS 
Weight (kg) 64.90±9.53 71.40±9.48 -9.10 NS 
Sex (M/F) 7/3 7/3 - - 
Handedness (R/L) 10/0 9/1 - - 
WBV (cm³) 1304.45±101.65 1360.09±116.57 -4.09 NS 
RHV (cm³) 571.43±47.53 589.40±48.12 -3.50 NS 
LHV (cm³) 565.42±42.45 592.04±51.19 -4.50 NS 
WLvV (mm³) 18616.31±7136.19 17174.99±8235.16 8.39 NS 
RLvV (mm³) 8880.51±4166.60 7955.99±2835.93 11.62 NS 
LLvV (mm³) 9735.80±3256.45 9218.99±5513.61 5.61 NS 
VBR (W) 1.42×10-²±4.97×10-³ 1.24×10-²±4.84×10-³ 14.98 NS 
VBR (R) 1.55×10-²±6.81×10-³ 1.33×10-²±3.76×10-³ 16.38 NS 
VBR (L) 1.72×10-²±5.42×10-³ 1.51×10-²±7.69×10-³ 13.80 NS 

Raw mean±SD, M=Male, F=Female, R=Right-handed, L=Left-handed, WBV= Whole brain volume, RHV=Right hemisphere volume, LHV=Left hemisphere volume, WLvV= Whole lateral 
ventricle volume, RLvV=Right lateral ventricle volume, LLvV=Left lateral ventricle volume, VBR(W)=WLvV/WBV, VBR(R)=RLvV/RHV, VBR(L)=LLvV/LHV, NS=Non significant 
 

Table 4: Comparison of demographic characteristics and volumetric information between residual subtype of schizophrenic patients and normal controls  
Residual (N=9) Normal controls (N=9) Percentile difference(%) P value 

Age (years)  42.56±10.57 41.11±11.14 3.53 NS 
Weight (kg) 71.33±7.68 76.22±9.80 -6.42 NS 
Sex (M/F) 5/4 5/4 - - 
Handedness (R/L) 7/2 8/1 - - 
WBV (cm³) 1143.23±76.52 1279.34±150.7284 -10.64 0.02 
RHV (cm³) 489.42±30.89 549.82±67.39 -10.99 0.02 
LHV (cm³) 490.40±35.87 548.24±69.83 -10.55 0.04 
WLvV (mm³) 17406.41±5283.23 13190.14±4131.82 31.97 NS 
RLvV (mm³) 7754.69±2365.43 6246.55±2014.29 24.14 NS 
LLvV (mm³) 9651.71±3028.61 6943.59±2288.45 39 NS 
VBR (W) 1.53×10-²±5.11×10-³ 1.02×10-²±2.46×10-³ 49.66 0.02 
VBR (R) 1.59×10-²±5.12×10-³ 1.12×10-²±2.57×10-³ 41.71 0.03 
VBR (L) 1.98×10-²±6.51×10-³ 1.26×10-²±3.43×10-³ 56.50 0.01 

Raw mean±SD, M=Male, F=Female, R=Right-handed, L=Left-handed, WBV= Whole brain volume, RHV=Right hemisphere volume, LHV=Left hemisphere volume, WLvV= Whole lateral 
ventricle volume, RLvV=Right lateral ventricle volume, LLvV=Left lateral ventricle volume, VBR(W)=WLvV/WBV, VBR(R)=RLvV/RHV, VBR(L)=LLvV/LHV, NS=Non significant 

 
Also, the VBRs did not significantly correlate with 

the disease duration. Disease duration was longer in 
the residual subtype than in the paranoid (p= 0.04,) 
but in the undifferentiated subtype it was not 
different from the residual and paranoid subtypes. 

Pearson’s test did not reveal any significant correla-
tion between the patients’ and controls’ ages with 
their cerebral or the right and left hemispheric 
volumes. 

Cerebral volumes were smaller in the residual 
subtype than the other two. Cerebral volume and the 
right and left hemispheric volumes in the residual 
subtype were respectively 13.93% (p=0.01), 15.82% 
(p=0.004), and 14.68% (p=0.01) less than the values in 
the paranoid subtype; and 12.36% (p=0.02), 14.35% 
(p=0.01), and 13.27% (p=0.02) less than the same 
values in the undifferentiated subtype. The lateral 
ventricular volumes were not significantly different 
among the 3 groups. 

As the controls were matched with the patients, we 
could perform a conditional logistic regression 
analysis. The results showed that only the increase in 
the lateral ventricular volumes (p=0.03) and in-
creased ratio of the total volumes of the lateral 

ventricles to the cerebral volume (p=0.005) were 
predictive in the diagnosis of schizophrenia. In the 
paranoid subtype, only the increased volume of the 
right ventricle (p=0.04) served as the predictive 
model.  In the residual subtype, only after transform-
ing the outcome variable to a logarithmic transforma-
tion, the increase in the ratio of the total lateral 
ventricular volumes to the cerebral volume could 
serve as a predictive model for the diagnosis of this 
subtype. The analysis could not yield a predictive 
model for the undifferentiated subtype. 

 

Discussion 
 

For 200 years now, the studies by Pinel 39 and 
Kertschmer 40 have drawn the scientists’ attention to 
the role of cerebral volume in mental illnesses. Some 
experts believe that the smaller cerebral volumes in 
mental diseases result from perinatal complications, 
neurodevelopemental disorders or both.41-44 Evaluat-
ing the volumes of different structures in the brain, it 
is necessary to determine the total cerebral volume so 
that we can say if the change in the volume of those 
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structures is secondary to overall changes in the 
cerebral volume or has occurred independently. 

In the present study, despite the smaller cerebral 
and hemispheric volumes in the schizophrenic 
patients than controls, the difference was not of 
significance. Among 3 schizophrenia subtypes, only 
the residual subtype had significantly smaller cere-
bral and hemispheric volumes than the controls 
(p<0.05). 

Although some researchers did not detect any 
significant difference between the cerebral and 
hemispheric volumes of the schizophrenic patients 
and the healthy individuals 29-32, some others believe 
that in schizophrenia the brain is smaller than 
normal.14-25 Ward et al 44 noticed a subtle yet signifi-
cant decrease in the cerebral volume of the patients 
with schizophrenia as compared to normal.  

The present study did not find smaller cerebral 
volumes with schizophrenia. However, the patients 
in the residual subtype had smaller brains than their 
normal controls. Therefore, we can attribute the 
controversies about the changes in the cerebral 
volume during schizophrenia partly to heterogenicity 
of the disease. In other words, when the study 
population consists more of the residual subtype, the 
changes in cerebral volumes would be more signifi-
cant, otherwise no difference may be found.  

The changes in the cerebral volumes of the residual 
subtype can be explained in 2 ways: first, the disease 
duration was longer in the residual subtype and as 
stated earlier in the results, the disease duration had a 
negative correlation with the right and left hemi-
spheres volumes (p< 0.05). This explanation empha-
sized the effect of disease chronicity on brain shrink-
age. However, this argument is controversial. Some 
studies have reported presence of structural brain 
abnormalities in the first-episode schizophrenia.46 
Hence, they reject the role of disease chronicity in 
brain changes and mainly support the neurodevel-
opemental bases for brain abnormalities, and believe 
that the brain changes are rather ‘static’ after the 
disease has commenced. 46, 47 On the other hand, the 
longitudinal studies on the brain structural changes 
over years believe that the changes are of a ‘progres-
sive’ nature in schizophrenia.48, 49 They suggest that 
disease chronicity, the progressive nature of schizo-
phrenia and the heterogenicity of the subtypes may 
play a role in the structural brain changes.47 

The second explanation for smaller cerebral vol-
umes in residual subtype than the controls can be 
attributed to the higher prevalence of the negative 
symptoms and lack of positive symptoms in this 
subtype. Some other research has shown a direct 
relationship between the negative schizophrenic 
symptoms (and lack of positive symptoms) with 
structural changes in the brain.14,16,45 

In the present study, the volumes of right and left 
lateral ventricles (separately and together) were 
higher than the normal controls (p<0.03). VBRs were 
also higher in these patients (p<0.003).  

Schizophrenia subtypes differed regarding the 
changes in the brain volumes:  

In the paranoid subtype, lateral ventricles were 
larger than their controls, therefore their VBRs were 
larger as well (p<0.05). In the undifferentiated 
subtype, none of the parameters differed from the 
normal controls. In the residual subtype, although 
the ventricular volumes were similar to those of the 
controls, the smaller cerebral and hemispheric 
volumes in the patients resulted in larger VBRs than 
the controls (p<0.05). 

Although larger-than-normal lateral ventricles are 
the commonest finding in the schizophrenia, 13, 50 it is 
not specific and can be found in a number of other 
disorders such as Alzheimer’s disease, hydrocephalus, 
and Huntington’s chorea. In general, enlarged lateral 
ventricles are interesting findings which can indicate 
paraventricular neuronal tissue loss or embryonic 
dysgenesis.13 

The current study supports the finding of enlarged 
lateral ventricle in schizophrenia, but not as a 
constant finding with all the subtypes. The ventricu-
lar enlargement was only observed in the paranoid 
subtype. The VBRs were larger than normal in the 
residual subtype for their smaller brains, and in the 
paranoid subtype for their larger ventricles, but did 
not change in the undifferentiated subtype. As 
indicated earlier, enlarged ventricles unlike smaller 
brain volume were not related to the disease chronic-
ity. 

According to the findings of the present study, it 
can be stated that only enlargement of the lateral 
ventricles and increased ventricular-to-cerebral 
volume ratio (VBR) can be used as a predictive model 
in the diagnosis of schizophrenia. We observed that 
there are 3 different patterns of brain structural 
changes in the 3 subtypes of paranoid, undifferenti-
ated and residual schizophrenia. In the paranoid 
subtype, the enlarged right ventricle was diagnosti-
cally predictive. In the patients with undifferentiated 
schizophrenia, cerebral and ventricular volumes and 
VBRs were similar to the controls. In the residual 
subtype, increased ventricular-to-cerebral volume 
ratio(VBR) could serve as a predictive model for 
diagnosis of this subtype. The patients with residual 
schizophrenia have smaller brains than normal but 
normal lateral ventricles, so that their VBRs are 
larger than normal. Some experts believe that the 
residual subtype of schizophrenia is not an independ-
ent type, and in fact it is the result of chronicity of 
other subtypes, so it cannot be concluded that the 
smaller brain size in this subtype is due to the longer 
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disease duration or these patients have this abnormal-
ity per se.  

Our results show that schizophrenia is a heteroge-
neous disorder both in the symptoms and the struc-
tural changes of the brain. 

Schizophrenia is still a clinical diagnosis, based on 
the criteria in DMS-IV or ICD-10. It is probable that 
the patients with different neuropathologies present 
different symptoms of the disease. Thus, some experts 
consider at least 3 different syndromes with different 
neuropathologies: paranoid, disorganized, and 
negative.51 DMS-IV classification of the patients 
under subtypes of paranoid, disorganized, undifferen-
tiated, catatonic, and residual shows the heterogenic-
ity of schizophrenia. However, unfortunately most of 
the studies have put all their schizophrenia patients 
in one group rather than in different subtypes. 

The present study tried to regard the patients in 
different subtypes, but we could not find an adequate 
number of patients in subtypes of disorganized and 
catatonic schizophrenia. We hope that further studies 
on those missing subtypes will help with a new 
classification of schizophrenia on the basis of brain 
structural changes which are more reliable than the 
current clinical criteria. 

Further research on the first-episode schizophrenia 
along with longitudinal studies will help to decide if 
the brain changes in schizophrenia are static or 
progressive, and if the progression can be overcome 
by appropriate treatment. Some researcher state that 
the similar cerebral changes could be found in the 
first degree asymptomatic relatives of the schizo-
phrenia patients 47 and the structural changes could 
be used as a genetic maker for both identifying the 
high-risk family members and in preventive studies. 
39 More comprehensive studies on the first degree 
relatives of those patients are recommended. 
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