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sYNOPsIS This paper describes a comparison of the cerebral cortical appearance of 101 patients
with a history of clinical depression and 52 control subjects. An age-related increase in sulcal
widening was evident in both groups. However, after controlling for age, the patients were found
to differ from control subjects in two respects: they had a greater amount of sulcal widening, most
noticeably in the frontal and temporal areas; and there was a positive correlation between increasing
sulcal widening and increasing lateral ventricular size not found in the control subjects. Patients
with a past history of treatment by electroconvulsive therapy showed more sulcal widening in the
parietal and occipital areas than those not so treated.

INTRODUCTION

The presence of increased lateral cerebral
ventricular size has now been established in some
patients with schizophrenia and affective disord-
~ ers (Weinberger ez al. 1979a; Jacoby & Levy,
1980; Golden et al. 1980; Dolan et al. 1985). The
appearance of the cerebral cortex has been less
‘widely discussed. Widening of the cerebral sulci
and fissures has been reported in patients with
schizophrenia and affective disorders (Tanaka et
al. 1982; Weinberger e al. 19795; Nasrallah et
al. 1982; Turner et al. 1986), these changes in
cortical appearance often correlating with increa-
sing ventricular size. However, Weinberger et
al. (1979b), in a study of schizophrenic patients,
iled to find such a correlation between these
1sures. Thus, whether one or two pathological
rocesses are affecting the brain in these
rcumstances is not known. The cause of both
ntricular enlargement and these cortical chan-
S 18 similarly obscure. One hypothesis to
plain the cortical changes is that they are the
;Sult' of treatment rather than illness-related
henomena. The possibility that such changes

caused by treatment with electroconvulsive
apy (ECT) has been raised. Weinberger et al.
979b) found more atrophy in schizophrenic
t}nts‘ who had received such treatment ;
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Calloway et al. (1981) found a significant
association between the presence of sulcal
widening in the frontal lobe and a history of ECT
treatment in a group of elderly depressed
patients.

The presence and significance of sulcal
widening in patients with functional psychiatric
disorders need further examination in view of
these published reports and the likelihood of
these appearances being reported frequently, as
more psychiatric patients are investigated by
computerized tomographic (CT) scan. This
paper reports a comparison of patients with a
history of an affective illness and matched
non-psychiatric control subjects in terms of the
cerebral cortical appearance.

METHOD

Details of patients and control subjects selected
for this study have been described in full
elsewhere (Dolan ez al. 1985). In summary, the
study population comprised 108 patients who
met Research Diagnostic Criteria (RDC) for
depression (Spitzer et al. 1978) and 52 volunteer
normal control subjects of both sexes whose ages
ranged between 20 and 79 years. Standard
clinical data and psychometric scores were
elicited from every participant. Each participant
underwent a CT brain scan from which
ventricular brain ratios and ratings of cerebral
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sulcal and fissure size were estimated. The latter
measure was obtained as follows.

Using pre-defined standards, ratings were
made from photographic negatives on a 3-point
scale (0—-2). Ratings were taken for the following
areas: frontal, parietal, occipital and temporal
lobes, as well as interhemispheric and Sylvian
fissures. The two raters, who were blind to
diagnosis, reached a high degree of agreement in
their ratings (949, agreement as to the presence
of sulcal widening; 819, complete agreement on
the rating). A total cortical score for each subject
was obtained by summing the scores from each
individual brain region.

STATISTICAL ANALYSIS

The relationship between clinical status (patient
or control), diagnostic status (unipolar or
bipolar depression), age (dichotomized < 60 and
> 60 years of age), and the presence or absence
of atrophy were investigated through the use of
log-linear or linear-logistic models (see Everitt &
Dunn, 1983). In addition, linear-logistic models
for the proportion of subjects with sulcal /fissure
widening as a function of treatment group (e.g.
ECT v. non-ECT v. controls) and age group were
computed. The model fitted contained main
effects of treatment and age group (i.e. there were
no significant group—age interactions). Relative
risks of atrophy were calculated from the fitted
values obtained. All such analyses were carried
out using the computer package GLIM (Baker
& Nelder, 1978). The relationship between total
cortical score and effects of age and clinical status
were examined using the MANOVA procedure
(Hull & Nie, 1981). Before this procedure could
be carried out, it was necessary to carry out a
square-root transformation of the cortical score
in order to normalize the distributions and
equalize the variances. The relationships between
the cortical score and ventricular size were
examined using simple correlation and partial
correlation techniques.

RESULTS

Clinical and demographic details on the patients
have been presented in full elsewhere (Dolan
et al. 1985). Seven out of the 108 patients de-
clined to have a CT scan and so the following
results pertain to the remaining 101 patients
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(74 unipolar, 27 bipolar) and 52 normal ¢g
trol subjects. There were no significant diffe
ences between the mean ages of the patien
(55:2+14-3) and of the control subjec
(54-0+14-6). ‘

(i) Sulcal widening in patients compared with
control subjects

Using a log-linear model, as described abo
patients and control subjects were contrasted
terms of regional cortical appearance, the r.
being presented in Table 1. A significant eff;
age on the frequency of a sulcal widening wa

Table 1. Regional sulcal widening in 101’
compared with 52 controls; from ﬁttmg lo,
models

Change in
Region deviance  df
Frontal 10-0 1
Parietal 1-8 1
Occipital @l 1
Temporal 48 1
Interhemispheric 9-3 1
Sylvian 27 1

noted in all regions examined.
necessary to allow for this effect in
demonstrate the significant patlent—con
ferences in the following regions: fron
(P < 0-01); temporal region (P < 0:
interhemispheric fissure (P < 0:01
had a greater frequency of widening
areas compared with control subject

The cortical score was also foun
in patients compared with control
(P < 0-001). This is demonstrated in Ta
which the significant age-effect i
and controls needed to be
controlled for in the analysis.
effects of sex or diagnostic status (i.
to uni- or bipolarity) upon the ¢
Further, there were no signific
between the main effects, implyin;
and control differences were indep
sex and diagnostic status.

(if) Relationship of VBR and cortic
patients and control subjects

A significant correlation betwee
the cortical score was observed



sis of variance of age, sex and

. 2. Anal .
.’ yy cortical score in 101 patients

status b
controls

dr 3 cance
2 400 0-001
1 0-19 066
Sex
Unipolars v- bipolars i 0-1 078
Patients v. controls i 125 0-001
(B) Interactions
Sex by age group i 0-18
Sex by (patients v. 1 032 072
controls)
Age group by (unipolars 2 0-37 0-69
y. bipolars)
Age group by (patients 2 22 012
v. controls)
——— = .

able 3. Relationships between cortical score
S), ventricular size (VBR) and age in patients

Patients Controls
(N = 101) {N =52
[ — T
7 P r P
R ===
Jage 0-57 < 0-001 B < 000
/VBR 0-62 < 0-001 0-56 < 0-001
S/VBR 041 < 0-001 023 NS

controlling for age

=0-62, P < 0-001) and in controls (r = 0-56,
< 0-001). This is shown in Table 3. However,
age was also significantly correlated with both
the cortical score and ventricular size in both
roups. After controlling for the effect of age, the
gnificant relationship between the cortical
score and ventricular size remained in the

The relationships between age of onset, length of
liness, course of illness, number of hospitaliza-
ions, and sulcal or fissure size and cortical score
were examined. No significant relationships
etween any of the clinical variables and either
f these measures were observed. Alcohol
onsumption in units of alcohol (1 unit of
cohol = | glass of wine/half pint of beer)
howed no relationship to either of these CT
Can parameters.

—
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(iv) Treatment history and cortical atrophy

The relationships between treatment with, and
duration of treatment with, phenothiazines,
tricyclics, lithium, benzodiazepines, monoamine
oxidase inhibitors, ECT and both regional sulcal
inhibitors, ECT and both regional sulcal
widening and the cortical score were examined.
No relationship between either of these measures
was observed for any particular drug. A
significant relationship was observed between
treatment with ECT and sulcal widening (Table
4). Patients who had received treatment with
ECT had a greater frequency of sulcal widening
in both the parietal (P < 0-01) and occipital
(P < 0-05) areas. There were 1o significant
effects of treatment with ECT and cortical score.
Increasing numbers of applications of ECT were
not associated with a greater frequency of
regional sulcal or fissure enlargement.

Table 4. Regional sulcal widening in ECT v.
non-ECT treated patients; from fitting log-linear
models

Change in Signifi-
Region deviance  df  cance
Frontal 1-0 1 NS
Parietal 73 1 0-01
Occipital 41 1 0-05
Temporal 3 i NS
Interhemispheric 14 1 NS
Sylvian 31 1 NS

From the above analysis it would appear that
patients with a history of treatment with ECT
have a greater likelihood of sulcal wideningin the
parietal and occipital areas compared with those
patients without such a history. To examine this
issue further, the relative risks of regional sulcal
widening in both patient groups (ECT and
non-ECT) compared with control subjects were
calculated as described above, using a linear-
logistic model. The results of this analysis are
presented in Table 5. Patients with a history of
previous treatment with ECT had approximately
twice the risk of sulcal widening in the parietal
area and three times the risk for the occipital area
compared with control subjects. For the other
cortical regions ECT and non-ECT treated
patients had an equal likelihood of sulcal
widening.
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Table 5. Estimated risk of regional sulcal widening
in ECT treated and non-ECT treated patients
relative to controls: from fiited linear-logistic
models

Region BCT Non-ECT
Frontal 15 14
Parietal 19 0-54
Occipital 27 063
Temporal 13 i1
Interhemispheric 17 15
Sylvian 13 11
DISCUSSION

The findings reported here are similar to those
concerning ventricular appearance (Dolan et al.
1985). The degree of sulcal widening correlated
with age in both patients and control subjects.
Once the age effect had been discounted, it was
evident that patients with a history of affective
illness showed significantly greater evidence of
sulcal widening than the normal control subjects.
These changes were most marked in frontal,
temporal and interhemispheric areas of the
brain. There was no evidence of association
between the presence of these changes and a
family history of depression, the duration of
depressive illness, the age of onset of illness, the
course of illness or exposure to psychotropic
medication. However, it appeared that treatment
with electroconvulsive therapy was associated
with evidence of sulcal widening in the parietal
and occipital areas. On analysing the relationship
between the ventricular brain ratios with that of
. the cortical appearance in these subjects, it was
discovered that sulcal widening was significantly
correlated with ventricular size in the patient but
not in the control group.
These findings raise several questions, which
cannot yet be fully answered.
(i) Are the findings an artifact arising out of
" selection bias inherent in the design of the study?
The possible effzcts of selection were discussed
in the previous report, where it was argued that
the patient selection or other methodological
bias could not explain the patient—control
differences in ventricular brain ratios. However,
it shouid be recalled that both this and the
previous report were of depressed patients whose
illness was such that hospital referral and
admission were necessary. The findings from the
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study, therefore, may not pertain to all patients
with depression.

(i) Are these findings of sulcal widening no
more than evidence of a normal ageing process?
Both patients and controls show, as others have
reported, greater evidence of sulcal widening
with increasing age (Rieder e al. 1983; Ron,
1983). However, these changes have been found
to occur to a greater extent among the patient
group than the control group and, in the former
the changes appeared to correlate with increasing’
ventricular brain ratio. For the control subjects
there was no correlation between ventricular
brain ratio and sulcal widening. One explanation
for this patient—control difference is that, among
some patients at least, an underlying unitary
process is occurring or has occurred at some
time in the past that causes both ventricular and
cortical changes to appear at the same time,
whereas in the control subjects the appearance
reflects two possibly independent age-related
changes.

(i1} Are the cortical changes reflected in the
clinical presentation or course of depressive
illness? Sulcal widening was not predicted by the
age of onset, a family history of depression, the
polarity of depression, or the course of illness.
These findings were similar to those for the
lateral ventricular size as measured by the ventri-
cular brain ratios. The precise phenomena of
the depressive illnesses of the patients and their
psychometric status are now being examjned in
detail and are being related to cortical and
ventricular appearances. L

(iv) Could these cortical changes reflect pre-
vious treatment? The absence of a relationsh;’p Vy
of the duration of illness and the age of onset
ventricular or cortical changes suggests that the3
probably antedate the illness. Further, there W
no relationship to medication. The finding t
the sulci in certain regions of the brain reved
more widening in patients with a history of treaf
ment with ECT could be explained by a direc!
causal relationship, or a hypothesis that therc':,
cal phenomena of depression in certain pal
who were developing or had developed atza
made it more likely that they were trea?
electroconvulsive therapy. The absence
dose-response relationship between tl;j é*
of applications of ECT and the. cortic :
would appear to rule out a simple Caré
planation. However, a more complex ;




ECT and sulcal widening, involving
tors such as individual suscep_tibility, cannot
ruled out on the basis of this analysis. An
analysis the possible independent effects of

silateral and bilateral ECT was not possible, as
ts had received both forms of

p between

atment. , .
n conclusion, it does appear that certain

atients, with a history of affective disorders
quiring hospitalization, show a greater degree
¢ ventricular enlargement and sulcal widening
han age—matched control subjects. The nature
f the changes and their precise meaning is
bscure, and there is room for much more

etailed research.
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