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al enthusiasm generated by the demon-
on of cerebral ventricular enlargement, by
.4 tomography, in patients with schizo-
(Johnstone et al. 1976; Weinberger
79; Golden et al. 1980; Andreasen et al.
) has been muted by the uncertainty of the
al significance, aetiology and pathogenesis
bserved changes. Attempts to delineate
al subgroup of schizophrenic patients
these changes has met with only limited
ss (Crow, 1980; Andreasen ef al. 1982D).

ere is also a possibility that such changes are
at in other ‘functional’ psychiatric con-
s, such as the affective disorders. Rieder et
1983) compared patients with chronic
ophrenia with those suffering from schizo-
ive disorder and bipolar affective disorder,

son & Veroff (1981) reported on a mixed
p of 16 patients with bipolar and unipolar
ession and found that ventricular size,
ared with that in control subjects with
nality disorder, was increased. Nasrallah et
982) reported similar findings on 24 manic
tients, comparing them with control subjects
neurological disorders. Scott et al. (1983)
rted increased ventricular size in 10 patients

depression, characterized by delusions,
pared with an age-matched control group of
ical in-patients. Jacoby & Levy (1980) in a
yof elderly patients, controlled with patients
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ontrol subjects. In the patient group
f illness or exposure to drug treatment or electroconvulsive therapy.
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101 depressed patients and 52 normal control

is described. Increasing age and male sex were both associated with larger ventricular size
trol groups. Controlling for these effects, the depressed patients had larger

there was no association between ven-

without a psychiatric abnormality, demonstrated
that there was a subgroup of patients with
affective disorders who had ventricular enlarge-
ment. This subgroup was shown in a follow-up
study (Jacoby et al. 1981) to have an increased
mortality rate compared with those without
ventricular enlargement.

All these studies suggest evidence of ven-
tricular enlargement in some patients with affec-
tive disorder. Only Jacoby & Levy (1980) utilized
a control group of subjects without any illness,
but their study was based on an elderly age range.
The other studies either examined patients ad-
mitted to a specialized ward for their depressive
illness or used, as controls, patients who were
suffering from some other illness. However, the
result of this research is sufficiently consistent to
indicate a further exploration of the association
of CT scan abnormality (ventricular enlarge-
ment or sulcal atrophy) and affective illness but
one in which a representative sample of de-
pressed patients of mixed ages is compared with
subjects without any current illness. Such a study
would provide the basic information as to
whether, like schizophrenia, there wasa tendency
for clinical depression to be associated with ven-
tricular enlargement. If so, thenit would also aim
to determine whether the changes were associ-
ated with the course, type of illness, ‘cog-
nitive’ impairment, or the treatment given.

METHOD

Selection of patients and controls

In order that outcome and treatment variables
could be studied, patients who had had a clear
cut depressive illness in the recent past were
chosen as the target group.
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Patients were included in the study if they met
the Research Diagnostic Criteria (RDC) for
depression (Spitzer et al. 1978) and their age was
in the range 20 to 79 years. Patients with a
history of alcohol abuse, substance abuse,
leucotomy, epilepsy or major physical illness
(e.g. diabetes mellitus, thyroid disorders) were
excluded. The patients were selected by exam-
ination of the discharge records of in-patients of
the psychiatric unit at the Royal Free Hospital
between 1976 and 1978 (the index admission). A
second sample was obtained, using the same
procedure, from discharge records of the
in-patient psychiatric unit at the Whittington
Hospital. Patients so selected were traced
through their general practitioner. Of those
considered eligible for the study, 789, were
successfully traced and agreed to attend for
interview, 9% could not be traced, 8% had died
and 597 refused to participate.

The control subjects were healthy volunteers
who were recruited from various sources,
including hospital staff, hospital volunteer
service and an elderly group attending a day
centre. All control subjects were screened by the
investigators for physical and psychiatric illness.
An alcohol consumption of less than 5 units
(1 unit =1 glass of wine, half pint of beer,
I measure of spirits) was a necessary condition
for inclusion in the control group. Of those
approached, 819, agreed to participate.

Methods of patient assessment

A detailed psychiatric history obtained by inter-
view was supplemented by information from
psychiatric case records. Particular attention
was given to the presence or absence of a family
history of depression or a major psychosis,
details of medication and its type and duration
and ECT application. In addition, the Present
State Examination (PSE) (Wing et al. 1974) was
administered to each patient to establish current
clinical status.

Three subgroups of patients were defined
according to the course of their illness since their
index admission: those who had had a single
episode of depression with complete recovery;
those who had had recurrent episodes of
depression with complete remission between
these episodes; and those who had a chronic
course defined as incomplete recovery with
persistent symptoms or that depressive symptoms
were present for at least 50%, of the period since
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index admission. Using these criteria, thrée
futher subgroups were defined according to the
course of their illness prior to index admissiop

Computed tomography

Computed tomography (CT) was performed op
patients and controls using a CT 1010 EM
scanner. Contiguous 10 mm slices parallel to th
orbital-meatal line were obtained encompassing
the ventricular system and upper-
most sulci. CT scan data were coded and stor,
on floppy disks and magnetic tape.
For analysis, ventricular size was measured
a ratio of ventricular area to total brain ar
(VBR = ventricular area/brain  area x 10|
VBRs were measured using a method previous
described by Reveley (1983). In summary, sca
were displayed on a computerized video displ:
unit (VDU) and the slices showing the lar
area of lateral ventricle were selected. Usin
tracker ball which controlled a VDU poin
areas encompassing the lateral ventricles
brain were traced. The number of pixels whi
absorption density was in the range
Hounsfield Units (HU) was taken as the me
of ventricular area, while the number of p
whose absorption density was in the range
HU was taken as the measure of brain area.
of these measures was repeated on
occasions and the mean was taken as the
reading. The repeated measures were hi
correlated (Pearson correlations) for both
tricular (r = 0-96) and brain (r = 0-98) 2
This method of assessment has also been
to be highly correlated with mechanical
metric measures (Reveley, 1983).
Sulcal size was rated on a 3-point scal
from photographic negatives, using ‘fd
grading scheme by comparison with preﬂ
standards. Ratings were taken for the foll
areas: frontal, parietal, occipital.and ten
lobes, as well as interhemispheric amdh
fissures. Two raters (P.C. and A.M.), Wm
blind to diagnosis, carried out th(; ‘
Agreement as to the presence Of 3n
atrophy (0 v. 1 and 2) was reached Oc_,
scans, while complete agreement was I ;
81% of scans (0 v. 1 v. 2).
This paper presents data :
ventricular measures in patients X 5
disorder compared with controls.
- i Ical appeara®
paper will examine the su
same groups.

on the



 analyses Were performed using the
“pute‘r package (Nie et al. 1975). A
transformation of the raw VBR
s carried out prior to the analyses; this
that the measurements  were then
ately pnormally distributed with con-
_ All statistical tests were carried
ransformed data. Pearson product-
tcorrelations were estimated, aqd then
of variance were carried out using the
rocedure MANOVA (Hull & Nie, 1981).
flects examined by means of the latter
e were those of age, sex, diagnosis and
ent, as well as interactions between these
_In examining the main effects of age,
s were categorized into three age groups
ws: 20-39; 40-59 and 60-79. Using the
VA procedure, the effect of a particular
atory variable is adjusted for the effects of
planatory variable in a step-wise fashion.

z‘mance

tients (74 female, 34 male) and 52 control
s(37 female, 15 male) were included in the
Seven patients who were interviewed
to have a scan. The clinical characteristics
patients are presented in Table 1. Twenty
patients were drawn from Whittington
al. There was no significant difference
n the mean ages of the patients
+14-3) and of the control subjects
+14-6).

ntricular size in patients compared with

tter plot of the VBRs of patients and
frols is presented in Fig. 1. The raw VBRs of
nts and controls for each age range are
sented in Table 2. The overall means of the
Rs of patients (7-24+4-64) and control
jects (5-6+3-34) were significantly different
< 0:02), the patientshavingenlarged ventricles
pared with the control group. The mean
Rs of patients from Whittington Hospital
3-98) did not differ from those from the
jal Free Hospital (7-2+4-81). A highly
ificant correlation was found between ven-
r size and age in both patients (r = 0-63,

Cerebral vertricular size in depressed patients

875

Table 1. Clinical characteristics of patient
group (N = 108)

Mean age 55 years
Female 6
Family history
Depression 40%,
Schizophrenia 7%
Course of illness
Single episode 14%
Recurrent episodes 25%
Chronic illness 61%
Bipolar 25%
Unipolar ol
Past treatment
ECT 64%,
Phenothiazines 52%,
Tricyclics 819
Lithium 35%
MAOIs 20%
Benzodiazepines 8%

O —

P < 0-001) and control subjects (r=0-61,
P < 0-001).

Because of the likely effect of age and sex on
the apparent difference between patients and
controls, an analysis of variance was carried out
to discover the main effects of age-group, sex and
of clinical status (i.e. being a patient or control
subject and having a bipolar or unipolar illness).
The results of this analysis are presented in
Table 3.

The effects of age group and sex were first
entered into the analysis. Even when these
variables are controlled, significant differences
emerge between patients and control subjects
(P < 0-005), the patients having larger ventricles
than the control subjects. However, nodifferences
were apparent between patients having unipolar
and bipolar illnesses. There was an independent
significant effect of age group (P < 0-001),
indicating an increase in ventricular size with age
and an independent effect of sex (P < 0-05),
males having larger ventricles than females.

The interactions between the main effects are
shown in Table 3B. Each interaction has been
examined separately after controlling for its
main effect and other possible interactions. A
significant interaction was observed between sex
and age group (P < 0-05), implying that the
increase in ventricular size with age is less
marked in males than in females. There was no
interaction between sex and clinical status,
implying that this relationship between sex and
ventricular size was present in both control
subjects and patients. No interaction was shown
between age and clinical status, implying that the
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FiG. 1. Ventricular brain ratios of patients and controls.

Table 2. Mean VBRs of patients and controls
Jor each age group

Age group Patients Controls

60-79 16:17+4-76 8241319
(N = 40) (N =20)

40-59 6234359 4-31+241
(N =43) (N =23)

20-39 31414161 3-03+124
(N =18) (N=9)

Table 3. Analysis of variance of age, sex, clinical
status by ventricular size in 101 patients and 52
control subjects

df F P
A. Main effects
Sex 1 432 0-039
Age group 2 58:54 0-001
Unipolars v. bipolars 1 0-02 0-88
Affectives v. controls 1 9-54 0-002
B. Interactions
Sex x age group 2 4-04 0-02
Sex x (unipolars v. bipolars) i 0-33 0-57
Sex x (patients v. controls) 1 1-37 0-24
Age group x (unipolars . 2 16 018
bipolars)
Age group x (patients v. 2 2:01 0-14
controls)

difference in ventricular size between patie
and controls occurred throughout th
ranges. There were no interactions betwe
and diagnosis, indicating that patients
bipolar and unipolar illnesses had si
ventricular appearances at all ages.

(iif) Ventricular size and illness character

The same statistical analysis used to pro
data shown in Table 2 was used to €
ventricular brain ratio and aspects !
depressive illness. No differences were di
in the ventricular brain ratio of patients
family history of depression compar
those without such a history, nor wh
with a family history of any major PSY?h
considered. There was no relationship
the course of the illness, the age of first
depression, the number of hospitalizatt
length of illness and ventricular brain I
the effect of current age had been con
No significant relationship was four;
ventricular size and previous treatment,
of treatment with the following dﬂ;gs
thiazines, tricyclic antidepressants,
oxidase inhibitors, lithium and bentl g
Similarly, there was no significal
between ventricular size and previo



. electroconvulsive therapy (ECT) or the
‘{hb . of applications of ECT. Alcohol

ufnption’ as estimated by average weekly
ni . in units of alcohol, was not associated
.{& increased ventricular size.

IsCUSSION
hé research has indicated that a series of
atients with 2 history Qf affective disorder have
ificantly larger ventricles than normal control
jects. This difference is found both in patients
th unipolar and with bipolar illness and is not
ependent upon the age ar}d sex of t.he patient.
o was no specific association of size with the
presence of a family history of deprfissiqn, the
uration of course of the depressive illness,
,(cx‘posuretopsychotropicmedlcationortreatment
yith ECT. Thus it appears that a proportion of
pressed patients with major depression, both
ynipolar and bipolar, will display enlargement of
e ventricular system on CT scan. Such changes,
erefore, are not specific to schizophrenia.
‘However, there are possible sources of bias
rsing out of the design of the study. The
trospective selection of patients may have
sulted in the incorporation of a more ‘organic’
oup, for it could be that such a patient group
more refractory to treatment, thereby keeping
1 touch with medical services and easily
aceable. However, neither length nor course of
Iness was associated with ventricular size.
condly, patients were selected from the case
cords of those referred to a teaching hospital
ho could be atypical or treatment resistant and
ethaps contain a more ‘organic’ group. To
unteract this possible bias part of the cohort
as selected from a district hospital population,
nd it was discovered that the findings applied
herever the referred site. Thirdly, it must be
oted that this was a study between patients, i.e.
h0§e who identify themselves as ill, and healthy
l_lbjects. Therefore they are a selected group by
rtue of this identification and referral to
ospital. It could be that some feature, such as
Verity or disability of some depressed patients,
relgted to ventricular brain size and referral to
Ospital. This bias cannot be discounted, and
ould invalidate any claim that ventricular
flargement had been demonstrated in ‘de-
Iession”’, an extra-mural study being indicated.
Astly, there is a possibility that the chosen
ontrol group could be atypical in the small size
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of their ventricles and therefore provide a
spurious impression that the patient group had
enlarged ones. The selection criteria, as regards
alcohol consumption, could explain the atypi-
cality of such a group. Patients were excluded
only if there was a history of alcohol abuse.
However, patients who were alcohol abstainers
had larger ventricles than controls. Patients who
had mild to moderate alcohol intake did not
differ from abstainers in terms of ventricular size.
Furthermore, the ventricular appearance of the
control subjects in this study was similar to that
reported in previous studies, although there are
methodological problems in such direct com-
parisons (Barron et al. 1976; Haug, 1977).

As indicated earlier, ventricular enlargement
has already been reported in both young patients
and elderly patients with affective disorder. The
present study revealed ventricular enlargement
in patients of all age ranges, thereby confirming
the earlier reports. Nevertheless, a visual
examination of the raw data does indicate -a
strong tendency for the patient—control dif-
ferences to be more marked in the middle and
older age ranges.

The other independent association of ven-
tricular size found here — namely, the ventricular
size increase with age—is consistent with
previous reports both in patient and in control
subjects (Rieder et al. 1983; Jernigan et al. 1982;
Gyldensted, 1977; Barron et al. 1976). Similarly,
a sex difference in respect of ventricular size as
described in the present study has previously
been reported (Gyldensted, 1977; Haug, 1977).
Several studies have not reported an increase in
ventricular size with age (Johnstone et al. 1976;
Weinberger et al. 1979). This discrepancy may
have arisen because these contrasting reports
have examined age homogeneous samples of
patients and control subjects. An analysis of the
data of the patients and controls in this study by
specified age groups (e.g. 20-40) resulted in the
disappearance of the significant correlation of
ventricular size with age except in the over 60 age
group. It was only when the total sample of
patients and control subjects was analysed that
a highly significant correlation was present
between ventricular size and age.

Ventricular enlargement was not associated
here with the duration of the depressive illness —

a similar finding to the reports of CT scan
investigations in schizophrenic patients (Wein-
berger et al. 1979; Frangos & Athanassenas,

psMm 15
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1982; Golden er al. 1980). Weinberger et al.
(1979) have reported a significant correlation
between previous treatments with ECT and
ventricular size. A significant correlation between
the number of previous treatments with ECT and
ventricular size in the patient sample reported
heredisappeared when current agewascontrolled
for, suggesting an increased likelihood of
treatment with ECT with advancing age.

The lack of an association with the duration
of illness or treatment would suggest that
ventricular enlargement antedates the onset of
the illness. As reported in parallel studies in
schizophrenia, Reveley es al. (1984) found no
association of ventricular enlargement with a
family history of illness although they reported
that ventricular size was increased among
schizophrenics without a family history. In the
present study there was no association between
the presence or absence of a family history of
depression or major psychosis and ventricular
enlargement. Does this suggest that these
changes are not genetically determined and that
some environmental event therefore leads to
ventricular enlargement? Reveley er al. (1984)
reported an association between birth compli-
cations and increased ventricular size in normal
twins. Such an association was not examined in
the current study. Whatever the cause, ventricular
enlargement may make the individual vulnerable
to psychiatric illness whose nature is perhaps
determined by other factors. On the other hand,
there may be more than one process at work
resultingin ventricular enlargement, each process
also being relevant to the onset of the specific
psychiatric disorder. The meaning of these
ventricular changes is, as yet, obscure.
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G. Dunn during the statistical analysis. The inde-
pendent viewing console was provided under an MRC
programme grant awarded to Professor W. A. Lish-
man, who kindly allowed us the use of this facility. Mr
R. Baldy provided invaluable technical assistance
with the independent viewing console. The work was
carried out while R.J.D. was in receipt of a Mental
Health Training Fellowship sponsored by the Well-
come Foundation.
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