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ABSTRACT
Objectives: This study is aimed at the pathoanatomic correlates of depression in the

postacute stage of patients with stroke.

Methods: Of a consecutive series of 47 stroke patients, with single demarcated

unilateral lesions was selected. Clinical examination, neuroradiological, CT scan
examination, and psychiatric assessment were performed within a 2-month period after the
acute stroke. Depression was assessed with the Beck Inventory Scale ( BIS ) and DSM-IV-R
criteria. The neuroradiological examination of all patients was performed on the same
scanner, lesion location, lesion volume, and ventricle-to-brain ratio were analyzed.

Results : We found no significant differences in depression scores between patients with

left and right hemisphere lesions and no correlation between the severity of depression and
the anteriority and or the volume of lesion or brain atrophy. Major depressive disorders
were only found in nine patients with left hemisphere lesions, all involving the basal ganglia,
whereas none of the patients with right hemisphere stroke exhibited major depression.

Conclusions: Lesions in the vicinity of the left hemisphere basal ganglia tend to play a

crucial role in the development of major depression after the acute stage of stroke. The
pathophysiological implications of this finding are discussed.
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INTRODUCTION
Depressive alterations after stroke have
been a subject of widespread interest in
the last decade. Although various
hypotheses exist concerning the etiology of
poststroke mood disorders, there is
increasing evidence that poststroke
depressive changes may have an organic
basis due to biochemical derangement.
Depressive stroke patients exhibit
alterations of cortical receptor sensitivity1

2 and neurotransmitter metabolite
concentrations in cerebrospinal fluid3 as
well as abnormalities in
electrophysiological parameters (eg,
shortening of rapid eye movement

latency4 ). Grasso et al5 were able to
demonstrate a local decrease of cerebral
blood flow in poststroke depressed
patients. Interest in the relationship
between lesion location and type and
severity of depression has motivated a
series of studies focusing on the
pathoanatomic correlates of depressive
disorders. Robinson and coworkers6 7 8

demonstrated in a series of articles that
left hemisphere (LH) lesions may be
associated with a higher incidence of
depression and that within the LH,
severity of depression may be correlated
with the distance between lesion and
anterior pole of the hemisphere. Some
groups were able to replicate these
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findings9 10 ; others found no significant
correlation between lesion location and
depressive alterations after stroke.11 12 13

On the other hand, some data indicate a
higher incidence of depression after right
hemisphere (RH) lesions.14 15 Lesions
localized in the left frontal lobe or basal
ganglia seem to be more often associated
with severe depressive disorders than
lesions localized in other brain areas.16 17

18 Other pathoanatomic parameters such
as volume of lesion19 20 21 22 or
cortical/subcortical atrophy10 23 showed
no clear-cut association with type or
severity of depressive disorders.
The study is aimed at the following 1:
correlation of poststroke depression with
well-defined pathoanatomic parameters of
patients in the postacute stage of
stroke…… 2: The differences between
lesion location and type and severity of
poststroke depressive disorders 3: The
severity of depression correlate with the
distance of the lesion to the anterior pole
of the brain, the volume of the lesion,

SUBJECTS & METHODS
Subjects
Fourty seven (47) patients had been
examined two months after stroke and
selected according to the following
inclusive criteria
(1) no history of psychiatric diagnosis or
alcohol or drug abuse; (2) first single
unilateral stroke event (no transient
ischemic attack or prolonged reversible
ischemic neurological deficit); and (3) no
severe or consumptive concomitant
disease. The main group was narrowed
down to a subgroup of 47 patients who
had been examined in the first 2 months
after the stroke event and who fulfilled the
following neuroradiological criteria: (1)
all CT scans had been acquired with the
same scanner and the same protocol; (2)

all patients showed a single clearly
demarcated lesion and no other signs of
brain disease; and (3) no signs of space
occupation due to midline shift or edema .
All patients were initially admitted to the
neurosurgical unit in AL-Hussain
Hospital Most examinations were
performed during inpatient treatment at
the Neurological Clinic; The group
consisted of 31 male and 16 female
patients. Fifteen suffered from RH and 32
from LH stroke. The median age was 62
years (Table 1 ). None of the patients was
treated with antidepressant medication or
any drug with depression as a known side
effect.

Methods
All patients were assessed with detailed
neurological examinations and
neuropsychological tests . Relevant
demographic, psychiatric, and
neuroradiological data are described in
Table 1 .

Psychiatric Examinations
All patients were examined with the Beck
Invenrtory Scale ( BIC 24 ), which was
considered an adequate instrument for the
assessment of the severity of depressive
disorders in brain-damaged patients
because of its lower weighting of cognitive
and somatic items. all patients were
classified according to the Diagnostic and
Statistical Manual of Mental Disorders,
edition 4, revised (DSM-IV-R) criteria26 27.
In the diagnosis of a dysthymic depression
we had to ignore the 2-year criterion of
DSM-IVR classification. Therefore, we
use the operatively defined term "minor
depression," which indicates that the
respective patients otherwise fulfilled the
DSM-IVR criteria of a dysthymic disorder
with symptoms lasting less than 2 months.

Neuroradiological Examinations
All patients were studied with the same
CT scanner under standardized
conditions of data acquisition The
demarcated infarctions were analyzed
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with respect to the topography of lesion
configuration We calculated the average
distances of the anterior and posterior
lesion borders to the frontal pole of the
brain in each slice that contained a
demarcated lesion. Lesions were classified
as anterior, posterior, or nonclassifiable
according to the definitions of Robinson et
al.8 Furthermore, the mean distance from
the anterior lesion border to the frontal
pole in percentage of overall anterior-
posterior distance in each slice was
calculated (ANTPER). For the assessment
of cortical/subcortical atrophy, we
performed planimetric measurements on
the original CT data and calculated the
lateral ventricle-to-brain ratio (VBR)
contralateral to the side of the stroke
lesion (according to the method of
Starkstein et al23 (28,29,30,31) ormed on
the slice that showed the greatest width of
the body of the lateral ventricles. Lesion
volume was calculated in percentage of
forebrain volume on standardized slices.

Statistical-Analysis
Data analysis was performed by
nonparametric procedures with the use of
rank correlation coefficients

RESULTS
Six patients (12.7%) showed a primary or
secondary hemorrhagic stroke event; all
others showed ischemic lesions. Sixty-
three percent of all patients exhibited
hemiparesis and 62% sensory
disturbances. A visual field defect was
diagnosed in 31% of the patients, and
62% exhibited facial weakness. There
were no significant group differences
between patients with RH and LH lesions
with respect to motor or sensory deficits
or visual field defects. Eighty-four percent
of the patients with LH lesions showed
aphasia, whereas none of the patients with
RH stroke was aphasic. performed 1
month after aphasia onset, 15.6% of the
LH group exhibited amnestic or
Wernicke's aphasia, 25% exhibited

Broca's aphasia, 18.8% exhibited global
aphasia, and 9.4% demonstrated a
nonclassifiable aphasic syndrome. There
was no significant effect between groups
in demographic variables such as age,
education, or time since stroke.32

Psychiatric-Findings
A summary of the depression ratings is
presented in Table 1 . The median score
on all rating scales was low, but a wide
range indicated a bimodal distribution No
significant difference of depression scores
between LH and RH lesions. According to
the DSM-IV-R criteria as modified above,
8 patients (17%) exhibited minor
depression (5 [33%] RH lesions and 3
[9%] LH lesions), and 9 patients (19%)
were diagnosed as major depressive; the
latter all had LH lesions. To analyze the
relationship between the clinical diagnosis
and the severity rating of depression,
which is presented in Table 2 A,B
Patients with a clinical diagnosis of
depression scored higher on rating scales
whereas no significance could be
established between the depression groups
concerning the distribution of BIN scores.

Neuroradiological Findings
The median of slices that presented
demarcated lesions was 4 (range, 1 to 8).
There was no substantial difference in
lesion topography between LH and RH
lesions (Table 1 ) except for a greater
temporal lobe involvement in patients
with RH lesions ( 2=7.5, df=1, P<.05). The
thalamus was spared in all patients.

Associations Between
Pathoanatomic Parameters and
Depression
With respect to the lesion dichotomy as
defined by Robinson et al,8 we found that
patients with lesions classified as anterior
showed significantly higher depression
scores than patients with posterior lesions
in BIS rating scales (anterior lesions: BIS,
median=8 [range, 0 to 16]; posterior
lesions: BIS, median=11.5 [range, 8 to 15];
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Separate analysis of LH and RH lesions
revealed that only patients with LH
anterior lesions scored significantly higher
in the respective depression. The
correlation analyses included all patients
and the entire range of depression scores.
One could argue that, particularly in the
postacute stage of stroke, physical or
neuropsychological symptoms related to
the stroke event and symptoms produced
by depression are highly confounded, and
that low depression scores do not reflect
any degree of depression at all. We
investigated this problem and the
psychometric properties of depression
rating scales used in studies with stroke
patients elsewhere.33 In the present study
we reanalyzed our data excluding all
patients scoring on fewer than three BIS
scales and presenting fewer than six
positive scores. Twenty-eight patients (18
with LH and 10 with RH lesions)
remained in the statistical analysis. The
correlation coefficients obtained did not
differ from the data reported above: We
found no significant correlation between
the anteriority of lesion , and BIS sum
scores. As described above, we found
major depressive disorders only in
patients with LH lesions. In an additional
step, we evaluated the lesion topography
of those patients. This patient group
consisted of 6 men and 3 women with a
median age of 58 years (range, 43 to 79
years) and a median BIS score of 11.5
(range, 8 to 15). the lesion configurations.
Seven lesions were classified as anterior,
and two lesions were nonclassifiable.
Lesion volume ranged from 0.22% to
18.66% (median, 2.02%).
Superimposition revealed an area of
maximal overlap in the left lenticular
nucleus that was included in the lesions of
6 patients with LH lesions and major
depressive disorders. Patients with RH
lesions and minor depression also
presented an overlap in subcortical
(mainly in opercular) areas but no clear-
cut maximum. Accordingly, patients with

lesions of the LH basal ganglia or lesions
in the LH lenticulostriate or anterior
choroidal artery area of vascular supply
showed a significantly higher frequency of
major depressive disorders and scored
significantly higher on depression rating
scales BIS compared with patients with
lesions in all other territories of vascular
supply.

DISCUSSION
This study analyzed the relationship
between depressive disorders in the
postacute stage of stroke with
pathoanatomic data and measurements
based on CT scan examinations. We found
no significant differences between
depression scores in LH and RH lesions
and no remarkable correlation between
the severity of depression and the
anteriority or the volume of lesion or
cortical/subcortical brain atrophy.
However, there was an association
between lesion location and DSM-IV-R
diagnosis of major depressive disorders.
Nine of 13 patients with LH lesions that
involved the lentiform nucleus exhibited
major depression.
One interesting result of our present study
was that we found no differences in
depression severity between RH and LH
lesions, whereas major depressive
disorders were only found in patients with
LH stroke. Furthermore, we found no
essential correlation between
pathoanatomic measurements and
depression severity ratings. Åström et al,10

however, found no significant association
between depression and brain atrophy in
the postacute stage of stroke, whereas in a
follow-up study 3 years later brain
atrophy was demonstrated to contribute
significantly to major depressive
alterations. The most critical point of the
study of Åström et al, however, is that
brain atrophy was based on diagnoses by
evidence. The results of all correlations
between degree of depression and
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pathoanatomic measurements in the
present study indicate that the occurrence
of depressive disorders after stroke
reflects neither a pure "left frontal
pathology" nor a simple volume effect of
the brain tissue damaged. A measurement
such as anteriority of lesion location does
not reflect neuroanatomic data and seems
somewhat superficial. However, specific
lesion location may prominently
determine the pathogenesis of poststroke
depressive alterations. The most striking
result of our present study is the finding
that lesions of the LH basal ganglia seem
to play a crucial role in the production of
major depressive disorders in the
postacute stage after stroke. This result
replicates the findings of a previous study
of our group22 that reported a significant
overlap of lesions in LH basal ganglia
structures in acute stroke patients with
aphasia and major depression. Although
the configuration of the core lesion in that
study differed from the lesion
configuration reported in the present
study, the left basal ganglia were involved
in all acute aphasics with depressive
disorders. Some other studies have
assigned an important role to lesions of
the basal ganglia in poststroke depression.
Alexander and Lo Verme34 investigated
patients with subcortical aphasia and
found that only 2 of 9 patients with
thalamic lesions but 4 of 6 patients with
putaminal lesions showed medium to
severe depressive disorders. Starkstein et
al17 demonstrated that patients with a
stroke in the area of the LH basal ganglia
exhibit significantly higher depression
scores compared with RH basal ganglia or
LH and RH thalamic lesions. Moreover,
patients with a pure depressive disorder
after stroke more often demonstrate an
involvement of the LH basal ganglia
compared with patients with poststroke
anxiety disorders.18

The role of lesions of the LH basal ganglia
and/or their surrounding white matter in
the pathophysiology of poststroke

depression explained by The modern view
of functional neuroanatomy of emotional
behavior favors complex and multiple
interactions of cortical and subcortical
brain structures.35 36 Within these
networks of neuronal activity not only
may specific lesions of the cortex or
subcortical ganglia evoke disorders of
emotional behavior but also the disruption
of ascending or descending neuronal
pathways. Noradrenergic activation,8

neurochemical changes of serotonergic
receptors,1 and the interruption of
dopaminergic pathways ascending from
the ventral tegmental area22 have been
implicated in the pathogenesis of
poststroke depressive disorders At the
present time there is no conclusive
evidence that one neurotransmission
system plays a dominant role in the
development of poststroke depression.
However, most of the implied neuronal
pathways have to transit the basal ganglia
and surrounding white matter. Therefore,
lesions of the basal ganglia and their
vicinity affect different neurotransmission
systems and may cause serious cortical
remote effects.5 Damage of the basal
ganglia and surrounding white matter
may produce a significantly higher
frequency of depressive disorders simply
because these structures are the most
important subcortical/cortical gateway.
This hypothesis, however, does not explain
the finding of higher frequencies of
depressive alterations after LH basal
ganglia lesions. A positron emission
tomographic study based on 5-
hydroxytryptamine receptor binding
demonstrated a significantly lower
(compensatory) upregulation of cortical 5-
hydroxytryptamine receptors in patients
with LH compared with RH lesions.1 It s
hypothesize that RH lesions lead to a
greater depletion of biogenic amines that
results in an ipsilateral compensatory
upregulation, whereas no or only
moderate upregulation occurs after LH
lesions. However, presently there is little
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corroborative evidence for a lateralized
effect of biochemical changes after
cerebral lesions, and the lateralization of
depressive disorders after basal ganglia
lesions still remains unclear.
In the present study we were able to
demonstrate that patients with LH basal
ganglia lesions are more likely to exhibit
major depression than patients with RH
lesions. This result shows that at least in
the postacute stage after stroke,
depressive alterations can be mediated by
organic factors. Moreover, our data show
that simple dichotomies such as anterior
or posterior lesions do not have a
significant value in terms of
pathoanatomic considerations of
poststroke mood disorders. However,
other variables also influence the
development of depression after stroke.
Illness perception, coping styles, or
psychosocial changes all can lead to
psychoreactive induced depression. We
have discussed these variables in a
multitime and multifactor model of
depression after stroke elsewhere.43

Limitations Of Study

Several limitations of the present study
should be noted. Because we examined a
highly selected population of patients, our
results cannot be generalized to the
population of stroke patients. We
investigated only patients within a 2-
month period after the acute stroke event.
Because we insisted on including only
patients who were examined with the same
neuroradiological procedure and who
showed a first unilateral single
demarcated lesion, our series became
small. Additionally, male patients were
overrepresented in our study, and the
patient group was relatively young
compared with epidemiological data.
Although these limitations impair the
generalizability of our results, the
questions we addressed in our study
required a homogeneous subgroup that
was carefully selected according to the
described inclusion criteria.
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Table 1. Demographic, Psychiatric, and Pathoanatomic Features of the Study Population

All
N

RH Lesions
N

LH Lesions
N

No. of patients 47 15 32

Median age, y (range) 62 (24-79) 63 (43-75) 60 (24-79)

Sex ratio (M\F) 31:16 9:6 22:10

Median time after onset, month 1.0 month 0.75 month 1.0 month

Aphasia, No. (%) 27 (57) 0 27 (84)

Depression scores, median (range)

BIN ( Beck Inventory Scale ) 15 (0-28) 18 (1-14) 14 (0-17)

DSM-IV-R diagnoses, No. (%)

No depression 30 (64) 10 (67)* 20 (63)

"Minor depression" 8 (17) 5 (33) 3 (9)

Major depressive disorder 9 (19) 0 (0) 9 (28)

Lesion location, No. (%)

Frontal 20 (43) 6 (40) 14 (44)

Parietal 19 (40) 5 (33) 14 (44)

Temporal 18 (38) 10 (67) 8 (25)

Occipital 5 (11) 2 (13) 3 (9)

Basal ganglia 19 (40) 6 (40) 13 (41)

Thalamus 0 (0) 0 (0) 0 (0)

RH indicates right hemisphere; LH, left hemisphere; BIC ( Beck Inventory Scale ) , DSM,
Diagnostic and Statistical Manual of Mental Disorders, edition 4, revised;
* p < 0.05
Table 2 – A demonstration of frequency of depression in patients with post stroke

Observe No %

Depression 17 36

No depression 30 64

Total 47 100

P> 0.001

Table 2 – B severity of depression in poststroke

Validity Non depressed Frequency 30 % 64 V % 64
Depressed

Patient

Minor =
(mild+moderate)

8 17 17

Sever 9 19 19
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Total 47 100 100
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وعلاقتھا  بأضرار الدماغ )الصدمة الدماغیة (اكتئاب ما بعد السكتھ 
المختلفة

)*أختصاص جراحة جملة عصبیة بورد(الدكتور حیدر مخلف علي 
)*بورد أختصاص طب نفسي (الصیاد الدكتور حسین ھلیل وداعة 

:الملخص 

ΔΘϜѧδϟ�ϰοوالاكتئابتھدف الدراسة الى تحدید العلاقة بین الاضرار التشریحیة المرضیة:الأھداف ήϤϟ)
الدماغیة)الصدمة 
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�ϱήϳήѧѧδϟ�κ ѧѧΤϔϟ�ˬ�ύΎϣΪѧѧϟ�α ήѧѧϔϤΑ�ϲϋΎόѧѧθϟ�κ ѧѧΤϔϟ�ˬ�ϲѧѧδϔϨϟ�ϢϳϮѧѧϘΘϟϭˬ�ΔΘϜѧѧδϟ�ΪѧѧόΑΎϣ�ϦϳήϬѧѧη�ϝϼѧѧΧ

�ϚѧϴΑ�α.الدماغیة  ΎϴϘϤΑ�ΏΎΌΘϛϻ�ϢϳϮϘΗ�ϢΗ�ˬϊ ѧΑήϟ�ϲѧϜϳήϣϻ�ϒϨѧμ ϤϠϟ�ΏΎѧΌΘϛϻ�ήϴϳΎѧόϣϭ.�κ ѧΤϔϟ�ϥ�ΎѧϤϠϋ
ΔѧϴϨϘΘϟ�βل) مفراس الدماغ (الشعاعي العصبي  ϔϨΑ�ϢΗ�ϰο ήϤϟ�ϊϴϤΠ�έήѧπ ϟ�ϊ ѧϗϮϣ�ˬ�ΔΒѧδϧϭ�έήѧπ ϟ�ϢѧΠΣ

الدماغ تم تحلیلھا جمیعاً –الى –البطین 

�κ:النتائج ѧϔϟ�ϲѧϓ�ϦϴΑΎѧμϤϟ�ϰѧο ήϤϟ�ϦϴѧΑ�ΏΎѧΌΘϛϻ�ΕΎѧΟέΩ�ϝΪѧόϣ�ϲѧϓ�ѧο ϭ�ϑϼΘѧΧ�ΝήΨΘѧγ�ϢΘѧϳ�Ϣѧϟ
�ϲϣΎѧϣϻ�κ(ولاتوجد علاقة بین شدة الاكتئاب وامامیة ، الایسر والمرضى المصابین في الفص الایمن  ϔϟ(

��ςѧϘϓ�ϰѧο.او حجم الضرر او ضمور الدماغ  ήϣ�ΔόѧδΗ�ϯ Ϊϟ�ΓΩϮΟϮϣ�ϰϤψόϟ�ΏΎΌΘϛϻ�ΕΎΑήτο �ϢϬϳΪѧϟ�ϥΎѧϛ
�ΔϳΪϋΎϘϟ�ΓΪϘόϟ�ϲϓ�έήο.ضرر الفص الایسر للدماغ  �ϢϬϳΪϟ�ϥΎϛ�ϰο ήϤϟ�Ϣψόϣ�ˬ�ξ ϳήѧϣ�ϱ�ΪΟϮϳ�ϻ�ΎϤϨϴΑ

.مصاب بضرر الفص الایمن للدماغ یعاني من نوبة اكتئاب عظمى 

ΝΎΘϨΘѧѧγϷ:�˯Ϯѧѧθϧ�ϲѧѧϓ�ΎϤѧѧγΎΣ�έϭΩ�ΐ ѧѧόϠΗ�ύΎϣΪѧѧϠϟ�ήѧѧδϳϻ�κ ѧѧϔϠϟ�ΔѧѧϳΪϋΎϘϟ�ΓΪѧѧϘόϟ�ϰѧѧϟ�ΓέϭΎѧѧΠϤϟ�έήѧѧο ϻ
.الدماغیة )الصدمة (بات الاكتئاب العظمى بعد السكتة نو
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