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Regional cerebral blood flow abnormalities in
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Abstract
Depression with cognitive impairment, so
called depressive pseudodementia, is
commonly mistaken for a neurodegener-
ative dementia. Using positron emission
tomography (PET) derived measures of
regional cerebral blood flow (rCBF) a
cohort of 33 patients with major depres-
sion was studied. Ten patients displayed
significant and reversible cognitive
impairment. The patterns of rCBF of
these patients were compared with a
cohort of equally depressed non-cogni-
tively impaired depressed patients. In the
depressed cognitively impaired patients a
profile of rCBF abnormalities was identi-
fied consisting of decreases in the left
anterior medial prefrontal cortex and
increases in the cerebellar vermis. These
changes were additional to those seen in
depression alone and are distinct from
those described in neurodegenerative
dementia. The cognitive impairment seen
in a proportion of depressed patients
would seem to be associated with dysfimc-
tion of neural systems distinct from those
implicated in depression alone or the
neurodegenerative dementias.

(7 Neurol Neurosurg Psychiatry 1992;55:768-773)

Primary depression with significant cognitive
impairment, commonly referred to as depres-
sive pseudodementia or the dementia of
depression, may be mistaken for a progressive
neurodegenerative dementia. 1 Depression
itself may also be a concomitant of a progres-
sive degenerative dementia, particularly in its
early phases.2 The conjunction of depression
and cognitive impairment frequently poses a
clinical diagnostic problem which may hamper
patient management. Recognition of a primary
depression masquerading as a neurodegener-
ative dementia is clinically important because
of its treatability. Depression with cognitive
impairment can lead to misdiagnosis of pri-
mary degenerative dementia even in specialist
centres.3 Misdiagnosis, more common in the
elderly, may also occur in the presenium.4
The extent of misdiagnosis may be inferred
from a study which reported that 8% of
patients with an index diagnosis of dementia
were rediagnosed as depression on subsequent
admission.6 Depressed patients with cognitive
impairment demonstrate a significant improve-
ment on quantitative assessments of cognition

following treatment or on follow-up.78
The neurobiological basis of depression

related cognitive impairment remains obscure.
Distinct patterns of focal cerebral metabolic
abnormalities have been described in primary
depression.9"0 The most consistent change
described is a decrease in rCBF or metabolism
in the left dorsolateral prefrontal cortex
(DLPFC). We report a study of depressed
patients, using PET derived measures of
rCBF, which reveals a profile of abnormality,
distinct from that seen in depression alone, in
depression related cognitive impairment.

Subjects and methods
Patients included in the study were recruited
from district psychiatric services in north
London and the National Hospital for Neurol-
ogy and Neurosurgery. Potential participants
indicating willingness to cooperate with the
study and ability to give informed consent were
administered The Schedule for Affective Dis-
orders and Schizophrenia (SADS). " Patients
who met Research Diagnostic Criteria
(RDC)12 for major depressive disorder were
considered further. Exclusion criteria were a
past or present history of neurological disease,
drug or alcohol abuse (based on the SADS) or
any significant past medical illness. Subjects
were also excluded if they scored over 4 on the
Hachinski ischaemic scale.13 Patients on psy-
chotropic medication (19 of the 33) entered
the study on the hypothesis that patterns of
rCBF would reflect their depressed mental
state rather than medication. The study was
approved by the ethical committees of all
referring hospitals and by the local committee
ofthe Hammersmith Hospital, where the scans
were performed. Permission to administer
"5Oxygen was granted by the Administration of
Radioactive Substances Advisory Committee
(ARSAC). All subjects gave informed written
consent.
A total of 33 patients met entry criteria for

the study. All patients had moderate to severe
depression as rated on the 17 item Hamilton
Rating Scale for Depression14 (range 17-32,
mean = 25). Cognitive finction, assessed using
a clinical neuropsychological battey as well as
the Mini Mental State Examination (MMSE)
and CAMCOG scale of the CAMDEX,
showed that 10 patients had marked cognitive
impairment and scored in the impaired range.
Cognitive impairment was determined using
cut-points of < 25 on the MMSE and < 85 on
the CAMCOG."5 16 Subsequent follow up of
these patients revealed a clinical course con-
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sistent with a primary depression and with
significant improvements of their scores on
both the MMSE and CAMCOG.

All subjects had steady state measurement of
cerebral blood flow using 15Q as previously
described.'7 Studies were performed using a
PET scanner (CTI Knoxville model 931-08/12
CTI PET Systems, Tennessee, USA). The
physical performance of this scanner has been
described elsewhere.'8 Measured attenuation
corrections were made with the ratio of counts
in blank and transmission scans obtained using
a 68Germanium ring source. Emission scans
were reconstructed using a Hanning filter with
a cut off frequency of 0 5 cycles per pixel. The
images were zoomed by a factor of 2-29,
resulting in an effective pixel size of 2-05 mm
and a resolution of 8x5 mm. All studies were
performed in the supine position in a room
with dimmed lights and minimal environmen-
tal noise extra to that of the scanner's cooling
system. For each subject a polystyrene head
mould was made which was used to ensure
correct positioning in the scanner and relative
head immobility. A 22 g teflon cannula was
inserted into a radial artery after Allen's test for
collateral circulation and infiltration of the skin
with 1% Marcain (Bupivicaine). The subjects
were aligned in the scanner with reference to a
laser beam system so that the detectors were
parallel to the orbitomeatal (OM) line. '5Oxy-
gen was administered by inhalation via a light
plastic face mask surrounded by a clear per-
spex extractor hood. For the estimation of
CBF and CMRO2 subjects inhaled C'502
(0-75 MBQ/ml, flow rate 500 ml/min for 18
minutes) and 'O2 (2-0 MBQ/ml, flow rate 500
ml/min for 18 minutes) respectively. Three
arterial blood samples were taken during each
emission scan. These samples were centrifuged
and plasma and whole blood activity measured
in a well counter, cross calibrated with the
PET scanner. Two arterial samples were taken
for estimation of Haemoglobin, pACO2 and
pAO2. Blood gas estimation was undertaken in
all subjects but revealed no difference between
patient groups in pACO .
Image analysis was performed on a SUN

3/60 Workstation (Sun Microsystems Europe,
Surrey, UK) using an interactive image analy-
sis software package (ANALYZE, Biodynamic
Research Unit, Mayo Clinic, Rochester, MN,
USA). The functional images were checked for
artifacts and corrected for yaw and roll. The 15
original planes of data (6-75 mm interplane
distance) were bilinearly interpolated to 26

Table I Demographic features ofpatients studied

Cognitively Impaired Cognitively Unimpaired
mean (SD) mean (SD) t p

Number 10 10
Age, mean (SD) 60-9 (7 8) 53-2 (14-8) 1-46 0-16
Years Education mean (SD) 10 1 (2-2) 12-9 (3-8) 2-01 0-06
HAM-D, mean (SD) 25-7 (4-2) 24-4 (3-5) 0-75 0-46
MADRS, mean (SD) 31-8 (5 0) 29-0 (6 4) 1-09 0-29
Illness duration, wks mean (SD) 45-0 (40) 21-0 (24) 1-64 0-12

p

Bipolar/Unipolar 1/9 1/9 1
Medication +/- 8/2 4/6 0-631
Sex (m/f) 4/6 8/2 0 63¶

Wisher exact test, two-tailed.

planes in a standard stereotactic space."' Scans
were analysed according to a previously des-
cribed model in which regional changes in
CBF are assumed to be independent of global
changes.20 Global changes in blood flow across
subjects were removed on a pixel by pixel basis
using an analysis of covariance (ANCOVA).
Following normalisation of rCBF values, to an
arbitrary mean (50 ml/dl/min), categorical
comparisons of grouped averaged normalised
scans were performed on a pixel by pixel basis.
In this way a statistical parametric map (SPM)
was obtained for all planes of the images for
which there were adequate data. An SPM can
be viewed as an image of change significance
and, for categorical data, involves a compar-
ison of group means, using the t statistic, to
express the significance of the differences
between groups.2' This stage of the data
analysis computes a t value for every pixel, with
significant pixels being projected in the form of
an SPM. The level of significance was set to a
threshold of p < 0'05 per plane and took into
account multiple comparisons using a Bonfer-
roni like correction for the number of pixels
analysed. This correction corresponded to an
expected false positive rate of 1 comparison per
20 planes.22

Results
Patients were subdivided into two groups on
the basis of their scores on the MMSE,
comprising those with scores > 29 (n = 10)
and those with scores <25 (n = 10). Those
with intermediate scores were excluded from
further analysis. All of the patients impaired on
the MMSE scored <85 on the CAMCOG.
This subdivision generated two groups of
patients with and without cognitive impair-
ment respectively. The two groups did not
differ significantly for demographic features
and medication status. Similarly the groups
were matched for severity of depression, so
ensuring experimental control over the vari-
ance in rCBF due to depression itself (table
1).

Comparison ofdepressed patients with and without
cognitive impairment
A comparison was made of the rCBF profiles
of depressed patients with and without cogni-
tive impairment and an SPM was generated
(fig 1). The (SPM), Bonferroni corrected,
identified two distinct foci of significant
change, with decreases and increases in rCBF,
in the depressed cognitively impaired group.
The decreases in rCBF were confined to the
left medial prefrontal gyrus (BA10) and exten-
ded across 4 planes (0 mm, +4, +8 and +12
with reference to the AC-PC line). The sig-
nificant increases in rCBF were centred to the
right of the cerebellar vermis and extended
across 3 planes (-12 mm, -8 and -4). The
rCBF values and the coordinates of the most
significant pixel locations are shown in table 2.
The rCBF values at these pixel locations are
shown as scatterplots in fig 2.
The two groups (impaired and non-

impaired) differed, though non-significantly, in
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Figure 1 Statistical maps showing significant changes in cerebral blood flow between the two groups, depressed patients with and without cognitive
impairment. Maps are shown both as transverse slices in which red and white areas exceed the criterion for significance (p < 0.05) and as projections
onto coronal, sagittal and transverse views of the brain in which every pixel displayed is significant (p < 0.05); the group image shows the relevant
transverse slices of averaged scans from 20 normal volunteers and is presented to allow reference to normal anatomy.

terms of medication status with more of the
impaired group taking psychotropics. The
medication details of both groups are pre-
sented in table 3. To examine the possible
effects of medication on rCBF we examined
the total cohort of patients and compared
medicated (n = 19) with unmedicated (n = 14)
patients in terms of rCBF. This comparison
failed to identify any foci of significant change
even at a lower threshold of significance than
that utilised in the comparison of cognitively
impaired with non-impaired patients.

Table 2 Coordinates of the pixels where the most significant differences in blood/low
were identified. The reference stereotaxic atlas is that of Talairach and Tournoux. ' The
CBF values are in units of mlldl tissuelmin, and have been adjusted for a global mean
blood flow of 50mlidlimin.

Co-Ordinates
Regional CBF

Location x y z Impaired Unimpaired

(L) Medial Frontal Cortex -8 48 0 57-3 62-6**
- 6 52 4 55-1 60-2**
- 6 54 8 51*4 56-2**
-6 54 12 50-1 54-1**

Cerebellar Vermis 8 -66 - 12 81-6 72-7**
10 -60 -8 78-3 70.0**
8 -48 -4 68-1 61-7**

**p < 0-05 Bonferroni corrected.

A non significant trend was evident for the
cognitively impaired and non impaired groups
to differ in terms of illness duration and years
of education. The possible effects of these two
variables on rCBF at the two major loci,
medial prefrontal and ceebellar vermis, was
therefore assessed in a correlation analysis. No
significant effects of either of these two vari-
ables on rCBF were evident from this analy-
sis.

Comparison of cognitively impaired depressed
patients with normal control subjects
The ten patients with cognitive impairment
were compared with normal control subjects in
terms ofrCBF. This analysis was carried out to
determine whether deficits, additional to those
identified in the comparison of cognitively
impaired and non-impaired depressed
patients, attributable to the presence of
depressed mood, could be identified. The SPM
identified areas of decreased rCBF in the left
dorsolateral prefrontal cortex (DLPFC) (BA
46), the right dorsolateral prefrontal cortex
(BA 46), the left anterior cingulate gyrus (BA
32) and the right insula. The SPM for this
analysis is shown in fig 3.
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Figure 2 Scaterplots
showing the ICBF values
for the 10 subjects in each
of the two groups at the
two pixels of maximum
significant change in the
medial frontal cortex and
cerebellar vermis. In
certain cases patients had
identical rCBF values and
so some of the points
represent more than one
patent. rCBF values are
normalised to a global
mean of 50ml/dl
tissue/min. I = cognitively
impaired, U = Cognitively
unimpaired
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Discussion
Generalised and regional decreases
blood flow and metabolism have
been reported in bipolar and
depressed patients.9 23-26 The regior
ses described in depression have a

association areas of the cortex.
commonly reported abnormality is
in rCBF and metabolism in the
lateral prefrontal cortex, thougi
decreases have also been described
and temporal cortices.91027 The
altered rCBF, consisting of decrease
anterior medial prefrontal cortex an

in the cerebellar vermis, describ'
investigation represents a distinct
abnormality to those described in
patients alone.
We have previously described E

frontal and left anterior cingulate de
total depressed patient sample descr
study, compared with normal contr
this total sample of patients the i

effects on the profile of rCBF were
in detail. No effects of medicatior
detected at the threshold of signifi(
in this study. The regional changes d
this study, of depression with cognit
ment, are clearly distinct from those
reported findings in terms of loc
most significant pixel for the medial

Table 3 Medication status ofpatients in the two groups.

Cognitive Status Medication Status

Impaired (MMSE < 25) Unmedicated
Tricyclics (TCA)
TCA + Neuroleptics
TCA + Tryptophan + Carbamazepine
TCA + Tryptophan + Iithium

Unimpaired (MMSE > 29) Unmedicated
Tricyclics
Monoamine Oxidase Inhibitor
TCA + Neuroleptics

ortex area described in our study was centred on a
plane +4 mm from the AC-PC line, while the
most significant pixel for the anterior cingulate

:b, gyrus and the left dorsolateral prefrontal cortex
were centred on planes at +36 mm and +20
mm with respect to the AC-PC line. The
medial prefrontal locus is therefore inferior in
location from both these loci and separated by
distances that can be clearly resolved by the
PET technique. This separation is clearly
illustrated in the comparison of depressed
cognitively impaired patients and normal con-

lis trol subjects (fig 3).
The decrease in rCBF in the medial frontal

pole appears to be the critical abnormality in
depression related cognitive impairment. A
post hoc analysis of the data reported in this

a
Mugcoid

investigation has revealed that rCBF decreases
* u w in this area are highly correlated with a global

measure of neuropsychological function. A
decrease in rCBF in a similar area has also
been reported from a separate study within our
unit of schizophrenic patients with the psycho-
motor poverty syndrome, which is likewise
associated with impaired neuropsychological
function.29 In chronic alcohol dependence a
decrease in metabolism has been observed in
this region with the decrease being correlated

in cerebral with neuropsychological impairment.30
previously Although no specific neuropsychological func-
unipolar tion has been attributed to the anterior medial

nal decrea- frontal cortex this cortical region is charac-
11 involved terised neuroanatomically by reciprocal con-
The most nections with higher order association areas,
a decrease particularly the dorsolateral and caudal orbito-
left dorso- medial prefrontal cortex.31 Therefore its func-
i regional tional connectivity is consistent with a role in
in parietal higher cognition. Deficits in this area seem to
profile of be critical in the cognitive impairment seen in

s in the left functional psychiatric disorders.
d increases The increase in rCBF in the cerebellum was
ed in this unexpected. This finding could be a non
pattern of specific effect of increased arousal in this
depressed population of patients. A modulatory role for

the vermal cerebellum in autonomic function
a left pre- is established and anatomical connections
:ficit in the between the cerebellum and both the hypothal-
ibed in this amus, limbic system and prefrontal cortex have
rols.'028 In been demonstrated electrophysiologically and
medication histologically.32 Increased rCBF in the cer-
considered ebellar vermis has been reported in a study of
1 could be lactate induced panic.33 However, we have no
cance used evidence that the cognitively impaired patients
Lescribed in under study were either more aroused or
ive impair- anxious than non cognitively impaired
previously depressed patients. An alternative explanation
ation. The for the findings is that the increase is directly
I prefrontal related to the cognitive impairment. Clinical

evidence points to a role for the cerebellum in
emotional experience and cognition. Cere-
bellar pathology is associated with an increased
risk for affective illness while hypoplasia of the
cerebellar vermal lobules is reported in aut-

n= 2 ism.343' A role for the cerebellum in both
n = 3 motor planning and learning is established and
n = 1 imaging studies in normal subjects indicate
n = 1 that the cerebellum also participates in cogni-
n = 2 tion.36-38 Deficits in associative learning have
n= 1 been described in patients with cerebellar
n= 1 lesions.39 The proposal of a functional reci-
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Figure 3 Statistical
parametric maps showing
significant (p < 0-05
Bonferroni corrected)
increases and decreases in
rCBF in the patients with
depression related cognitive
impairment compared with
23 normal control subjects.
The pixels at which there is
a significant change have
been projected onto sagittal,
coronal and transverse
renderings of the standard
brain volume of Talairach
and Tournoux.

procity between the medial prefrontal cortex
and the cerebellar vermis, mediated via pre-
frontal-cerebellar connections, in relation to
cognitive function might therefore explain our
findings.40 41

The profile of rCBF described in this study
is distinct from that seen in the more common
forms of neurodegenerative dementia. In Alz-
heimer's type dementia the typical pattern of
rCBF and metabolic abnormalities are poste-
rior in location, symmetrical in distribution,
with an emphasis on the inferior parietal and
posterior superior temporal cortical areas.42
The cognitive impairments seen in dementia of
the Alzheimers type and those seen in primary
depressive illness may be due to dysfunction in
separate neuroanatomical systems. In the less
common frontal type neurodegenerative
dementias decreases in rCBF have been des-
cribed, but these are bilateral and more exten-
sive than the pattern described in this study.We
would, however, caution against an inter-
.pretation of our findings that might suggest a
possible clinical role in differential diagnosis.
We have no information on the specificity or
sensitivity of the findings. The mean age of our
sample is of course considerably younger than
that of typical patients with neurodegenerative
types of dementia. It is also important to bear
in mind that the changes we describe are

additional to those that underlie depression
itself. The patients described in our present
study have been reinvestigated at a minimum
of one year following index assessment with
most showing recovery from depression and
none showing a deterioration in cognitive
function. This suggests that a simple longitudi-
nal clinical assessment of patients with depres-
sion and cognitive impairment is sufficient in
most cases to clarify diagnosis. The findings of
our investigation can, however, be interpreted
as implicating a focal disturbance in the left
medial prefrontal cortex as critical in the
cognitive impairment of depression.
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