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ABSTRACT

Background and purpose. Depressive symptoms are frequently associated with heart failure (HF),
but the brain mechanisms underlying such association are unclear. We hypothesized that the
presence of major depressive disorder (MDD) emerging after the onset of HF would be associated
with regional cerebral blood flow (rCBF) abnormalities in medial temporal regions previously
implicated in primary MDD, namely the hippocampus and parahippocampal gyrus.

Method. Using 99mTc-SPECT, we measured rCBF in 17 elderly MDD-HF patients, 17 non-
depressed HF patients, and 18 healthy controls, matched for demographic variables. Group
differences were investigated with Statistical Parametric Mapping.

Results. Significant rCBF reductions in MDD-HF patients relative to both non-depressed HF
patients and healthy controls were detected in the left anterior parahippocampal gyrus and
hippocampus (ANOVA, p=0.008 corrected for multiple comparisons) and the right posterior
hippocampus and parahippocampal gyrus (p=0.005 corrected). In the overall HF group, there was
a negative correlation between the severity of depressive symptoms and rCBF in the right posterior
hippocampal/parahippocampal region (p=0.045 corrected).

Conclusions. These findings are consistent with the notion that the medial temporal region is
vulnerable to brain perfusion deficits associated with HF, and provide evidence that such functional
deficits may be specifically implicated in the pathophysiology of MDD associated with HF.

INTRODUCTION

Symptoms of major depressive disorder (MDD)
emerge frequently in elderly subjects after the

onset of heart failure (HF) (Freedland et al.
2003; Thomas et al. 2003). Together with cog-
nitive deficits, the presence of major depressive
symptoms in HF is associated with longer
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hospitalization periods and increased death
rates (Jiang et al. 2001; Braunstein et al.
2003). The impact of MDD on the prognosis
of HF, including its influence on mortality, is
independent both from the severity of the
cardiac symptoms, and from the deficiency in
cardiac output as measured by the left ventri-
cular ejection fraction (LVEF) (Junger et al.
2005).

The brain mechanisms underlying the associ-
ation between MDD and HF remain to be
clarified. Several functional imaging studies
using single photon emission computerized
tomography (SPECT) have reported global
cerebral blood flow (CBF) reductions in HF
patients in comparison to healthy control
subjects (Rajagopalan et al. 1984; Kamishirado
et al. 1997; Georgiadis et al. 2000; Gruhn et al.
2001). Such chronic CBF reductions have been
proposed to mediate the cognitive deficits and
localized neurological symptoms commonly
associated with HF (Ackerman, 2001; Gruhn
et al. 2001), and they could also contribute to
the emergence of major depressive symptoms
in HF (Doraiswamy et al. 1999). However, the
latter possibility could not be investigated in
those previous SPECT reports, as there was no
objective assessment of depressive symptoms in
the HF subjects studied.

Recent experimental models of brain hypo-
perfusion in animals suggest that the hippo-
campus, periventricular white matter and basal
ganglia, are particularly vulnerable to the
damaging effects of chronic CBF reductions
(Farkas et al. 2000, 2002). The findings re-
garding the hippocampus could be especially
relevant to the pathophysiology of the co-
morbidity betweenMDD and HF, as this region
takes part in the ventral limbic network thought
to be critical to the mediation of both normal
sadness and the symptoms of MDD (Mayberg
et al. 1999). Functional activity changes and
volumetric reductions of the hippocampus and
other medial temporal structures have often
been reported in subjects with primary MDD
compared to healthy controls (Drevets et al.
2002; Campbell et al. 2004; Neumeister et al.
2005), although these findings have not always
been replicated and may be influenced by anti-
depressant use (Vythilingam et al. 2004) and
length of illness (Sheline, 2003). There have
also been findings of depressive symptoms

emerging in stroke patients with ischemic
lesions involving temporo-limbic structures
(Dam, 2001; Vataja et al. 2001, 2004). Such
evidence suggests that localized functional
deficits in the medial temporal region, secondary
to chronic brain perfusion abnormalities,
could underlie the emergence of MDD in HF
subjects.

Brain perfusion abnormalities in the hippo-
campus and other medial temporal structures
could not be investigated accurately in the
functional imaging studies of HF reviewed
above, due both to the low spatial resolution
of the techniques employed, and the use of
quantification methods involving the manual
placement of large-sized regions of interest
(ROIs) on selected brain portions (Doraiswamy
et al. 1999; Gruhn et al. 2001). In the present
study, we investigated the presence of regional
CBF (rCBF) deficits in 17 elderly patients with
HF and MDD compared to 17 non-depressed
HF subjects and 18 age-matched healthy
controls, using high-resolution SPECT with
technetium-99m-hexamethylpropylene-amine-
oxime (99mTc-HMPAO) as perfusion tracer.
The patterns of rCBF deficits were investigated
on a voxelrvoxel basis, using Statistical
Parametric Mapping (SPM2) (Friston et al.
1996). We hypothesized that, in comparison
to the other two groups, HF subjects with co-
morbid MDD would show significant perfusion
deficits in the medial temporal region. We also
predicted that in the overall HF sample, there
would be significant correlations between the
severity of depressive symptoms and rCBF
measurements in the medial temporal region.
In addition, as it has been previously suggested
that MDD associated with signs of cerebro-
vascular disease may be less responsive to
pharmacological treatment (Taylor et al. 2003;
Baldwin et al. 2004), we wished to investigate
whether the degree of medial temporal rCBF
deficits in the HF-MDD group would predict
poorer response to the standardized anti-
depressant treatment offered to those subjects
after the initial SPECT evaluation. Finally, the
use of the voxel-based quantification approach
allowed us to investigate, on an exploratory
basis, whether the co-morbidity between HF
and MDD would be associated with the pres-
ence of significant rCBF deficits in other brain
regions.
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MATERIALS AND METHOD

Subjects and assessment schedules

Local ethics committees approved the study
and written informed consent was obtained
from all subjects after a complete description of
the study.

We investigated 17 elderly HF patients who
developed MDD symptoms (mean age=
76.00¡6.42 years) and 17 non-depressed HF
patients (mean age=73.77¡5.43 years), using
a cross-sectional design. The MDD group had
HF due to either dilated cardiomyopathy (n=8)
or ischemic heart disease (n=9). They were
all in New York Heart Association (NYHA)
functional classes II (n=8) or III (n=9). The
diagnosis of HF preceded the emergence of
depressive symptoms in all of those subjects,
and none of them had been previously exposed
to antidepressant drugs. The non-depressed
HF patients were also in NYHA functional
classes II (n=10) or III (n=7), and included
eight subjects with HF due to dilated cardio-
myopathy and nine patients with ischemic
heart disease. None of the non-depressed
HF subjects had a previous history of major
depressive episodes. Patients in the two groups
presented with chronic symptoms of HF, and
had been stable on an optimized cardiologic
medication regimen for at least 1 month prior
to the study. The presence of HF was deter-
mined by detailed cardiological anamnesis,
physical examination, electrocardiogram and

echocardiography LVEF below 50%. The
pharmacological treatment for both HF groups
included the use of angiotensin converting-
enzyme inhibitors (ACEI) (n=31), b-blockers
(n=12), diuretics (n=10) and statins (n=2).
In addition, nine depressed and four non-
depressed HF patients were on regular aspirin
use (p=0.157, df=1, x2 test). Five HF subjects
were also receiving digoxin, and anticoagulant
therapy for the treatment of atrial fibrillation,
and 14 patients were taking oral anti-diabetic
agents. The HF subjects with concomitant
hypertension (n=32) were treated with the
same drugs as indicated above for HF symp-
toms. Patients with a history of myocardial
infarction within the past 3 months or hos-
pitalization for cardiovascular disease within
the past month were excluded from both HF
groups. A summary of their demographic and
clinical characteristics is given in Table 1.

The presence or absence of co-morbid MDD
in HF subjects was assessed according to
DSM-IV criteria (APA, 1994), based on infor-
mation obtained with the Structured Clinical
Interview for DSM-IV – Patient Edition (SCID-
I/P; First et al. 1993). The severity of depressive
symptoms in both HF groups was assessed
using the 31-item Hamilton Rating Scale for
Depression (HDRS; Hamilton, 1980).

The healthy comparison group (n=18; mean
age=72.78¡4.75 years) had no symptoms
suggestive of HF or psychiatric/neurological
disorders based on general medical questioning,

Table 1. Demographic and clinical characteristics of subjects with heart failure and healthy controls

MDD-HF
(n=17)

Non-depressed
HF (n=17)

Controls
(n=18)

p value
(between the
three groups)

p value
(between the

two HF groups )

Mean age (yr) (¡S.D.) 76.0¡6.4 73.7¡5.4 72.8¡4.8 0.226c 0.204b

Gender (male/female) 8/9 9/8 6/12 0.486a 0.724a

Mean years of education (¡S.D.) 4.0¡2.5 5.4¡3.6 5.7¡2.7 0.203c 0.218b

Cerebral dominance (right/non-right) 15/2 17/0 17/1 0.145a

Social class (A/B/C) 1/8/8 4/7/6 3/10/5 0.553a 0.341a

Previous history of hypertension 15 17 10 0.002a 0.145a

Mean LVEF (¡S.D.) 35.5¡7.6 39.8¡3.3 73.4¡4.2 <0.001c 0.119b

Functional class NYHA (II/III) 8/9 10/7 <0.001a 0.492a

History of atrial fibrillation 3 2 0 0.195a 0.628a

History of cigarette smoking 4 4 4 0.994a 1.00a

History of diabetes 7 7 6 0.858a 1.00a

S.D., Standard deviation; MDD-HF, major depression associated with heart failure ; HF, heart failure ; LVEF, left ventricle ejection frac-
tion; NYHA, New York Heart Association classification for heart failure.

a x2 test ; b unpaired t test ; c ANOVA.
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physical and neurological examination, and
interviewing using the SCID-I/P. Ten control
subjects were under pharmacological treatment
for hypertension at the time of the experiment,
with b-blockers (n=1), ACEI (n=6) or diuretics
(n=3). Six subjects were taking oral anti-
diabetic agents, and one was taking aspirin.
The HF and healthy control groups were not
significantly different in terms of demographic
characteristics (Table 1). Both HF groups
(depressed and non-depressed) showed signifi-
cantly lower mean LVEF relative to healthy
controls (35.5¡7.3, 39.8¡3.3 and 73.4¡4.2
respectively) (F=166.02, df=2, 49, p<0.001,
ANOVA). There were no differences between
the three groups in terms of history of smoking
or diabetes (Table 1).

Subjects in the three groups were free from
psychoactive drugs including benzodiazepines,
mood stabilizers and antidepressants. Also,
subjects with a history of hypo- or hyper-
thyroidism, lung or liver disease were excluded
from the three groups. Other exclusion criteria
for all groups were: presence of signs of carotid
obstruction at physical examination; presence
of structural neuroimaging signs of cerebro-
vascular infarcts ; personal or first-degree family
history of neurodegenerative disorders; and
family history of other major psychiatric con-
ditions including MDD, as assessed using the
SCID-I/P for DSM-IV.

A cognitive test battery was conducted
within 1 week prior to SPECT scanning in all
groups, using the Mini-Mental State Exam-
ination (MMSE; Folstein et al. 1983), and the
section for assessment of cognitive function
from the Cambridge Mental Disorders of the
Elderly Examination (CAMCOG; Roth et al.
1986).

After the initial clinical and brain imaging
evaluation, the HF patients with MDD were
treated with selective serotonin reuptake inhibi-
tor (SSRI) antidepressant drugs (citalopram in
13 cases, mean dose=36.36¡8.09 and sertraline
in four cases, mean dose=75.00¡28.86), and
re-evaluated blindly by one of the authors
(R.M.S.T) with the HDRS at 3 and 8 weeks.
Treatment response was assessed as the per-
centage of HDRS change by the end of 8 weeks ;
subjects were classified as treatment responders
(when there was at least a 50% decrease in
HDRS scores), partial responders (20–50%

HDRS change), or non-responders (HDRS
change <20%).

Imaging data acquisition

SPECT images were acquired after intravenous
injection of 30 mCi 99mTc-HMPAO at rest
(eyes closed and ears plugged). A dual-headed
SPECT camera (Sophy DST-SMV/General
Electric, Buc Cedex, France) equipped with
high-resolution collimators (resolution 7.7 mm
at 10 cm) was used. Complete 360x samplings
of 128 projections were acquired on 128r128
matrices (30 s per view; total scanning time
35 min). Images were reconstructed using the
iterative Ordered Subset Expectation Maxi-
mization method (8 subsets and 2 iterations),
after Metz pre-filtering (psf FWHM=4 pixels
and order=8), with all projections corrected for
scattering (secondary window subtraction with
factor 0.5). Attenuation correction was per-
formed using the Chang method (uniform linear
attenuation coefficient=0.159 cmx1), applied
on reconstructed, 12-mm-thick transaxial slices.
Given the clear transition of activity levels
between bone tissue and the cerebral cortex
obtained after 99mTc-HMPAO injection, the
body edge was manually defined for attenu-
ation correction for each brain slice in all sub-
jects, using the program MRIcro (C. Rorden,
University of Nottingham, UK).

In addition to SPECT scanning, a structural
brain scan was acquired in all subjects in the
three groups. These images were inspected by
an experienced radiologist (C.C.C) who was
blinded to diagnostic status, in order to allow
the exclusion of subjects with signs of cortical
infarctions or other gross brain lesions. In 10
MDD-HF patients, seven non-depressed HF
patients and two healthy controls, computed
tomography (CT) scans were obtained. In the
remaining subjects, magnetic resonance imaging
(MRI) data were acquired, using a 1.5 T GE
Signa LX-Cvi scanner (Milwaukee, WI, USA).
For the subjects who were examined with
MRI, semi-quantitative ratings for white-matter
hyperintensities (WMH) (Scheltens et al. 1993)
were compared between MDD-HF patients,
non-depressed HF patients and healthy con-
trols. This analysis, reported elsewhere, showed
no differences in WMH ratings between
groups, although a significant direct correlation
was detected between the severity of frontal
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periventricular WMH and HDRS ratings in the
MDD-HF group (Almeida et al. 2005). Finally,
we did not exclude any subjects with signs of
dilated lateral ventricles, which were noticeable
in mild to moderate degrees at visual inspection
in a greater proportion of subjects with HF
relative to the control group. However, two
subjects in the MDD-HF group and one control
subject were judged as showing a considerable
overall enlargement of cerebrospinal fluid (CSF)
spaces ; given that SPM analyses of functional
imaging data may be subject to artifacts due to
structural brain variations (Gispert et al. 2003),
we repeated the entire SPECT image processing
protocol and voxel-based statistical analyses
after the exclusion of those three subjects.

SPECT image processing

SPECT image analysis was performed using
the SPM program (Friston et al. 1996), version
2000 (SPM2). A customized SPECT template
was created specifically for the study, consisting
of a mean image of all healthy controls and
HF subjects. This strategy was aimed to match
the template more closely to the population
under investigation and the image acquisition
protocols used (Gispert et al. 2003). Initially,
images were spatially normalized to the stan-
dard SPM SPECT template, based on the
MontrealNeurological Institute (MNI) template
(Mazziotta, 1994). Such a spatial normalization
step was restricted to linear 12-parameter affine
transformations, in order to minimize deforma-
tions of the original images. Subsequently,
images were smoothed with an isotropic
Gaussian kernel (12 mm FWHM), and aver-
aged to provide the mean SPECT image in
stereotactic MNI space.

The processing of the original images from
all HF patients and controls was then carried
out, beginning by spatial normalization of
images using our study-specific SPECT
template, with 12-parameter linear as well as
nonlinear (3r4r3 basis functions) transform-
ations. Spatially normalized images were then
re-sliced using tri-linear interpolation to a final
voxel size of 2r2r2 mm3, and smoothed using
a 12-mm Gaussian kernel.

Statistical analysis

In order to investigate the presence of significant
rCBF differences between the three groups, an

overall analysis of variance (ANOVA) was
initially carried out. Resulting statistics were
thresholded at the one-tailed p<0.01 level of
significance (Z>2.33), and displayed on a stat-
istical parametric map (SPM) into standard
anatomical space. In order to account for
inter-individual differences in global CBF, the
regional 99mTc-HMPAO uptakes were standard-
ized to the mean global uptake using pro-
portional scaling. This allowed the investigation
of between-group differences in regional tracer
uptake, avoiding the confounding influence of
global CBF reductions. Only voxels with signal
intensities above 50% of the mean global value
were considered for such between-group com-
parison, in order to restrict the analysis to gray
matter regions. First, the ANOVA map was
searched for the presence of significant F values
on the voxels contained in the hippocampus
and parahippocampal gyrus, where rCBF
abnormalities had been predicted a priori.
The voxels mapped to these medial temporal
structures were circumscribed using the small
volume correction (SVC) tool available in the
SPM package, whereby we applied predefined,
spatially normalized volumes of interest on the
ANOVA map (resulting in a search volume
of 946 voxels for the hippocampus in each
hemisphere, and 978 voxels for the parahippo-
campal gyrus). Any rCBF differences within
those medial temporal areas were reported as
significant if surviving family-wise error (FWE)
correction for multiple comparisons (p<0.05)
(Friston et al. 1996). Post-hoc evaluation of
significant ANOVA findings in these regions
was then performed with secondary two-tailed
independent sample t tests.

Subsequently, the ANOVA map was in-
spected again, in order to identify significant
between-group rCBF differences in other,
unpredicted regions across the entire brain.
Findings in these additional areas would only
be reported as significant if surviving FWE
correction for multiple comparisons over the
whole brain (search volume of approximately
245 000 voxels).

Finally, linear correlations between regional
tracer uptake values and initial HDRS scores
and total CAMCOG scores were calculated
for the entire HF group. This analysis was
first performed for the medial temporal region
using the SVC tool mentioned previously, and
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subsequently for the entire brain. Significant
findings in those correlational analyses were
reported at the p<0.05 level corrected for
multiple comparisons (FWE). The investigation
of correlations was repeated in the MDD-HF
group using the percentage of HDRS score
change after pharmacological treatment.

In all analyses, we converted MNI coordi-
nates of voxels of maximal statistical signifi-
cance to the Talairach & Tournoux (1988)
system (Brett et al. 2002).

RESULTS

Between-group rCBF comparisons

The ANOVA map comparing rCBF patterns
between the three groups indicated the presence
of two voxel clusters of statistical significance
involving the medial temporal regions where
tracer uptake differences had been predicted
a priori (Fig. 1a). These were located, respect-
ively in: the left anterior parahippocampal

gyrus [Brodmann areas (BA) 28/34/35/36] and
anterior hippocampus (p=0.008, FWE cor-
rected for multiple comparisons) ; and the right
posterior hippocampus and posterior para-
hippocampal gyrus (BA27/30) (p=0.005,
corrected) (Table 2). Post-hoc unpaired t tests
showed that tracer uptake values in the HF-
MDD group were significantly reduced relative
to either the non-depressed HF group or healthy
controls, both for the left anterior medial
temporal region (peak t test value=3.16,
df=32, p=0.001; and t=4.66, df=33, p<0.001
respectively) ; and the right posterior medial
temporal region (t=3.45, df=32, p=0.001; and
t=4.28, df=33, p<0.001 respectively).

As seen in Fig. 1a, the cluster of between-
group tracer uptake difference involving the
right posterior medial temporal region also
encompassed a substantial number of voxels
located in the adjacent lateral ventricle. Thus, it
is possible that this finding could have been
confounded by ventricle size differences between

(a)

(b)
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FIG. 1. (a) Statistical parametric map showing rCBF differences (ANOVA) between patients with major depressive disorder and
heart failure (MDD-HF), non-depressed HF patients and healthy controls, at the Z>2.55 cut-off (corresponding to p<0.005,
uncorrected for multiple comparisons). Significant findings have been overlaid on coronal sections of a mean structural MRI image
of 33 subjects from our sample, spatially normalized (linear transformations only) to the T1-weighted Montreal Neurological
Institute template available in the SPM2 package. The numbers associated with each frame represent standard coordinates in the
y axis. Two voxel clusters are shown on the medial temporal regions where tracer uptake differences had been predicted a priori,
involving respectively: the left anterior parahippocampal gyrus and hippocampus (labelled with the white-printed number 1)
and the right posterior hippocampus and parahippocampal gyrus (labelled with number 2). Both clusters remained significant
after family-wise error (FWE) correction for multiple comparisons (p<0.05) (small volume correction over medial temporal
structures). Post- hoc unpaired t tests showed that tracer uptake values in those clusters were significantly reduced in the HF-MDD
group relative either to the non-depressed HF group or the healthy control group (see Table 2). Additional, unpredicted foci
of between-group rCBF differences are seen on other cortical areas, but these did not retain significance after FWE correction for
multiple comparisons over the whole brain. (b) Foci of negative linear correlations between Hamilton Rating Scale for Depression
scores and rCBF indices in the overall HF group are shown at the Z>2.55 cut-off. One cluster of statistical significance (labelled
with number 2) ( p<0.05, FWE corrected for multiple comparisons) is seen on the same right medial temporal region where rCBF
reductions were detected in MDD-HF patients relative to the two other groups. Abbreviations : L, left ; R, right.

602 T. C. T. F. Alves et al.

https://doi.org/10.1017/S0033291706007148 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291706007148


the groups, particularly if its significant voxels
had been located at coordinates equal to or
closer than 12 mm to the border of the lateral
ventricle (corresponding to the size of the
Gaussian filter employed for image smoothing).
In order to discard this possibility, we listed the
coordinates of all voxels in the cluster showing
rCBF differences in the right posterior medial
temporal region at a stricter statistical threshold
of p<0.001 (corresponding to Z values o3.09).
This coordinate listing indicated that there
were 27 voxels mapped to the right posterior
parahippocampal or hippocampal gray matter
with coordinates located at distances greater
than 12 mm from the border of the lateral
ventricle, all of which had Z values o3.09.
Moreover, when we repeated the between-group
comparisons excluding the two MDD-HF
patients and the healthy control subject who
presented a considerable enlargement of CSF
spaces, a similar pattern of between-group
rCBF differences emerged, with tracer uptake
reductions in the MDD-HF group relative to
the two other groups detected again on the left
anterior parahippocampal gyrus/hippocampus

(F=11.42, p=0.007 corrected), and on the right
posterior hippocampus/parahippocampal gyrus
(F=9.06, p=0.027 corrected).

There were additional, unpredicted foci of
between-group rCBF differences shown on the
ANOVA map (Fig. 1a), but none of these
attained statistical significance after correction
for multiple comparisons over the whole brain
(p<0.05).

Depressive and cognitive rating scores and
correlations with rCBF indices

As expected, the MDD-HF group had signifi-
cantly higher mean scores on the HDRS than
non-depressed HF patients and healthy controls
(27.9¡7.6, 7.2¡5.3, and 3.3¡1.9 respectively ;
F=110.52, df=2, 49, p<0.001, ANOVA). In
the MDD-HF group, the mean duration of the
current major depressive episode was 8.1¡6.7
months, and this group also had a history of
1.6¡0.6 previous untreated episodes of major
depression (all after the onset of HF), based on
information obtained with the SCID-I/P.

There were significant differences between
both HF groups (with and without MDD) and

Table 2. Significant regional cerebral blood flow reductions in heart failure (HF ) patients with
co-morbid major depressive disorder (MDD) relative to non-depressed HF patients and healthy
controls and correlations with depression severity scores

Statistical
test value

p value
(corrected)a

Size of
clusterb

Coordinates in
mm (x, y, z)c

MDD-HF
<non-depressed

HF: peak
Z scored

MDD-HF
<healthy

controls : peak
Z scoree

Regions showing between-group rCBF
differences
Right posterior hippocampus/
posterior parahippocampal gyrus
(BA27/30)

11.80f 0.005 112 26, x42, 3 3.24 4.28

Left anterior parahippocampal gyrus
(BA28/34/35/36)/anterior
hippocampus

10.98g 0.008 239 x15, x1, x23 3.00 4.22

Regions showing negative correlations
between rCBF and HDRS scores
Right posterior hippocampus/posterior
parahippocampal gyrus (BA27/30)

3.06b 0.045 101 24, x38, 8 n.a n.a

MDD-HF, Major depression associated with heart failure ; HF, heart failure ; rCBF, regional cerebral blood flow; HDRS, Hamilton
Depressive Rating Scale ; n.a., not applicable.

a Statistical significance after correction for multiple comparisons ; inferences were made at the level of individual voxels (family-wise
error correction) (Friston et al. 1996). b Number of contiguous voxels that surpassed the initial threshold of p<0.01 (uncorrected) in the
statistical parametric maps. c Talairach & Tournoux (1988) coordinates of the voxel of maximal statistical significance within each cluster.
d Z scores for the voxel of maximal statistical significance in the post-hoc comparison between depressed HF patients and non-depressed HF
subjects (two-tailed t tests). e Z scores for the voxel of maximal statistical significance in the post-hoc comparison between depressed
HF patients and healthy controls (two-tailed t tests). f F value (ANOVA comparison between the three groups) for the voxel of maximal
statistical significance within each cluster. g Z score (linear correlation between the two variables) for the voxel of maximal statistical
significance within the cluster.
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healthy controls on: mean MMSE scores
(25.2¡2.2, 26.6¡3.1, 29.0¡1.8 respectively ;
F=11.31; df=2, 49, p<0.001, ANOVA); total
CAMCOG scores (52.4¡10.9, 70.2¡12.3,
83.2¡3.6 respectively ; F=44.52, df=2, 49, p<
0.001, ANOVA); and on all CAMCOG sub-
scales (F>4.66, df=2, 49, p<0.014, ANOVA),
with the exception of orientation subscores
(F=2.504, df=2, 49, p=0.092, ANOVA). Post-
hoc comparisons showed lower CAMCOG
subscores scores in the MDD-HF group com-
pared to healthy controls in the subscales for
orientation, language (comprehension and
expression), attention, praxis, memory (recent
and remote), calculation, abstract reasoning
and perception (as tested with independent
sample t tests ; df=33, t>x2.27, p<0.030).
The MDD-HF group had also lower scores
relative to non-depressed HF subjects on the
CAMCOG language, remote memory, praxis,
calculation, abstract reasoning and perception
subscales (t>x2.39, df=32, p<0.023).

The investigation of linear correlations be-
tween rCBF measurements and pre-treatment
HDRS scores in the total sample of HF subjects
showed significant negative correlations located
at the same right posterior hippocampal and
parahippocampal region where between-group
tracer uptake differences had been found (see
Fig. 1b and Table 2). There were no significant
correlations between total CAMCOG scores
and rCBF values in the medial temporal region
in HF subjects.

Treatment response and rCBF indices

In our sample of HF patients with co-morbid
MDD, there was a considerable reduction in
HDRS scores both after 3 weeks (mean HDRS
reduction=45.47¡24.38%) and after 8 weeks
(mean HDRS reduction=67.73¡25.23%) of
treatment with SSRI antidepressants. Two
HF patients could not be re-evaluated after
8 weeks as they died from complication of
their cardiac condition. From the remaining
patients completing the clinical trial, 12 were
considered treatment-responders, two were
partial responders, and one was classified as
non-responder. There were no significant corre-
lations between percent changes in HDRS
scores at either 3 or 8 weeks of treatment, and
rCBF values in the medial temporal region or
other brain areas in the MDD-HF group.

DISCUSSION

To the best of our knowledge, this is the first
functional imaging study that investigated the
presence of regional brain perfusion abnor-
malities in elderly HF subjects who developed
MDD symptoms, compared to non-depressed
HF patients and a healthy control group. The
results obtained confirmed our prediction that
significant rCBF deficits in the medial temporal
region would be present in elderly HF subjects
with co-morbid MDD.

The finding that the co-morbidity between
MDD and HF is associated with reduced rCBF
in the medial temporal region is consistent
with previous functional and structural imaging
studies that have highlighted medial temporal
structures, such as the hippocampus and amyg-
dala, among the preferential sites for the pres-
ence of brain abnormalities in patients with
primary MDD (Drevets et al. 2002; Phillips
et al. 2003; Campbell et al. 2004). Based on the
results of the present study, we propose that
chronic reductions in cardiac output associated
with HF lead to altered functioning of temporo-
limbic regions relevant to the regulation of
mood, increasing the likelihood of incidence
of depressive symptoms.

As the two HF groups did not differ in aspects
related to their cardiac condition, it is possible
that other causal influences, such as genetic
factors or chronic stress, could have also con-
tributed to the emergence of medial temporal
lobe rCBF deficits only in HF-MDD subjects
(Fuchs & Flugge, 2003). However, it is unlikely
that genetic factors related to depression vulner-
ability would have influenced our rCBF results,
as our HF patients with co-morbid MDD
patients had no first-degree family history of
mood disorders (van den Berg et al. 2001).
Also, although it is known that temporo-limbic
structures are susceptible to the effects of
depression-related chronic hypercortisolism and
stress (Vythilingam et al. 2004), the latter factors
would be expected to be associated with an
earlier age of onset of major depressive symp-
toms (van den Berg et al. 2001). Differently, our
HF sample included only subjects with late-
onset MDD, whose cardiological symptoms
have preceded the emergence of depressive
features. Furthermore, the influence of chronic
stress on limbic rCBF patterns may have been
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minimized in our study by the use of the stress-
modifying agent aspirin (Bednar & Gross, 1999)
in a substantial proportion of the HF subjects,
as well as the absence of significant differences
in the exposure to this anti-inflammatory drug
between the HF-MDD and non-depressed HF
groups.

One other possibility is that rCBF patterns
in the MDD-HF group in our study were influ-
enced by the presence of gross cerebrovascular
changes in these patients. It has been argued
that the prominence of cognitive deficits seen
in association with late-onset MDD would
indicate the presence of neurodegenerative
processes in such a subtype of depression
(Hickie et al. 2001; Baldwin et al. 2004). There
is abundant evidence that such degenerative
pathology manifests itself as vascular-related
neuroanatomical changes, either as gray matter
infarcts or WMH (Taylor et al. 2003). However,
in our study, it is unlikely that the perfusion
abnormalities seen in the HF-MDD group were
related to the presence of infarcts in the medial
temporal lobe or other brain structures, as we
excluded HF cases in which there were obvious
signs of gross cerebrovascular changes in any
gray-matter regions. On the other hand, assess-
ments of WMH in the subsample of our subjects
that were examined with MRI showed a signifi-
cant direct correlation between the severity of
frontal periventricular WMH and HDRS scores
in the HF-MDD group (Almeida et al. 2005).
These preliminary MRI results suggest that
vascular-related WMH involving frontal-
subcortical circuits, also known to be critical
to the pathophysiology of depression (Matsuo
et al. 2005), could add to the HF-related func-
tional deficits in medial temporal structures,
and increase the likelihood of the emergence
of MDD in HF patients. Relevant to the latter
point is the fact that, in previous voxel-based
SPECT investigations of subjects with late-onset
MDD, rCBF deficits in the temporal lobe were
found to be directly related to the severity of
periventricular WMH as assessed with MRI
(Ebmeier et al. 1998). Finally, it should be
mentioned that variable degrees of carotid
obstruction might have contributed to the CBF
reductions in our HF patients (Mathiesen et al.
2004). By magnifying the reduction of blood
output to the brain, carotid obstructions could
also add to the vulnerability of HF patients

to develop functional deficits in the medial
temporal region, and further increase the likeli-
hood of the emergence of major depressive
symptoms (Doraiswamy et al. 1999; Gruhn
et al. 2001; Campbell et al. 2004).

Some of the between-group rCBF differences
in our study were located closely to cerebro-
spinal fluid (CSF) spaces, mainly the lateral
ventricles. Given the limited intrinsic spatial
resolution of the 99mTc-HMPAO SPECT
images, added to the smoothing procedure
during SPM processing, we cannot exclude the
possibility that partial volume effects due to
ventricle dilatation might have influenced the
detection of rCBF differences in adjacent gray-
matter regions, such as the posterior hippo-
campus/parahippocampal gyrus. However, the
use of a customized template based on our
own SPECT images, which matched more
closely the elderly population under study, led
to a lesser degree of image deformation during
the process of spatial normalization than would
have occurred had we used the standard SPM
template (which is based on young healthy
subjects not displaying ventricle dilatation).
Such a strategy is likely to have improved the
spatial specificity of our analysis, minimizing
the chance of significant findings to be con-
founded by poor image normalization (Gispert
et al. 2003). Moreover, we found that a sub-
stantial proportion of the voxels showing
significant between-group rCBF differences in
the right posterior hippocampal and para-
hippocampal gray matter had coordinates
located at distances that were clearly greater
than the 12-mm extended border of the adjacent
lateral ventricles. This indicates that the focus
of between-group difference seen in that region
can be at least partially attributed to a genuine
rCBF reduction in the right posterior medial
temporal cortex in the MDD-HF group.

Significant cognitive deficits were also present
in our MDD-HF subjects, and were more severe
than those presented by the non-depressed HF
group. On the other hand, the results reported
herein showed no significant correlations be-
tween the severity of cognitive dysfunction and
rCBF values in the medial temporal lobe in HF
subjects, thus suggesting that the relationship
between rCBF in the latter brain region and
depressive symptoms was not determined by
the concomitant presence of cognitive deficits.
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It has been proposed that MDD associated
with signs of cerebrovascular disease may
respond more poorly to pharmacological treat-
ment (Baldwin et al. 2004), although studies
investigating specifically samples of subjects
with MDD and HF have reported favorable
response rates to antidepressant treatment
(Alvarez & Pickworth, 2003; Roose, 2003). In
our sample of MDD-HF patients, there was a
considerable degree of improvement after treat-
ment with SSRI antidepressants. This finding
may suggest that despite the greater degree of
functional brain impairment in HF patients
with co-morbid MDD, such deficits do not
seem to predict poor response to pharmacologi-
cal antidepressant treatment. Moreover, there
were no correlations between pre-treatment
rCBF deficits and changes in HDRS scores after
8 weeks of treatment, which might further indi-
cate that there is no relationship between the
severity of functional brain deficits and anti-
depressant response patterns. However, such
interpretation has to be made with great
caution, given the modest size of the HF sample
studied, as well as the fact that the majority
of MDD-HF patients responded to medication,
thus limiting the power of the correlational
analyses performed.

There are other methodological limitations
of our study that should be highlighted. The
use of the HDRS may have biased our assess-
ment of depression severity towards physical
symptoms, a problem that would not have
occurred had we chosen a scale focused on
psychological features of depression, such as the
Montgomery–Asberg Depressive Rating Scale
(MADRS; Montgomery & Asberg, 1979). We
attempted to minimize such bias by using the
31-item HDRS scale (Williams, 1988), which
evaluates the severity of hopelessness, helpless-
ness, self-esteem, psychological retardation and
atypical features, in addition to the elements
assessed by the traditional 17-item HDRS. By
making that choice, we aimed to obtain a more
balanced assessment of both the psychological
and physical features of depression. Also, our
cross-sectional study design prevented us from
excluding the possibility that rCBF abnor-
malities represented state-dependent, non-
specific correlates of depressive symptoms,
rather than reflecting functional abnormalities
caused as a direct consequence of HF. Further

imaging investigations of HF patients with
depressive symptoms, studied before and after
effective antidepressant treatments, are needed
to clarify this issue. If confirmed in subsequent
studies, our findings of localized temporo-limbic
functional abnormalities may help to clarify the
pathophysiology of MDD associated with HF.
Such findings may also warrant further inves-
tigation on the possible clinical usefulness of
brain-imaging methods to identify HF subjects
that could be particularly vulnerable to the
development of major depressive symptoms.
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Marco Antônio Oliveira for technical assistance
with the acquisition of SPECT data, and
Dr Quirino Cordeiro Jr. for his support in the
collection of structural MRI data.

DECLARATION OF INTEREST

None.

REFERENCES

APA (1994). Diagnostic and Statistical Manual of Mental Disorders
(4th edn). American Psychiatric Association: Washington, DC.

Ackerman, R. H. (2001). Cerebral blood flow and neurological
change in chronic heart failure. Stroke 32, 2462–2464.

Almeida, J. R., Alves, T. C., Wajngarten, M., Rays, J., Castro, C. C.,

Cordeiro, Q., Telles, R. M., Fraguas, R. J. & Busatto, G. F.

(2005). Late-life depression, heart failure and frontal white
matter hyperintensity: a structural magnetic resonance imaging
study. Brazilian Journal of Medical and Biological Research 38,
431–436.

Alvarez Jr., W. & Pickworth, K. K. (2003). Safety of antidepressant
drugs in the patient with cardiac disease: a review of the literature.
Pharmacotherapy 23, 754–771.

Baldwin, R., Jeffries, S., Jackson, A., Sutcliffe, C., Thacker, N.,

Scott, M. & Burns, A. (2004). Treatment response in late-
onset depression: relationship to neuropsychological, neuro-
radiological and vascular risk factors. Psychological Medicine 34,
125–136.

Bednar, M. M. & Gross, C. E. (1999). Aspirin reduces experimental
cerebral blood flow in vivo. Neurological Research 21, 488–490.

Braunstein, J. B., Anderson, G. F., Gerstenblith, G., Weller, W.,

Niefeld, M., Herbert, R. & Wu, A. W. (2003). Noncardiac co-
morbidity increases preventable hospitalizations and mortality
among Medicare beneficiaries with chronic heart failure. Journal
of the American College of Cardiology 42, 1226–1233.

Brett, M., Johnsrude, I. S. & Owen, A. M. (2002). The problem of
functional localization in the human brain. Nature Reviews.
Neuroscience 3, 243–249.

Campbell, S., Marriott, M., Nahmias, C. & MacQueen, G. M.

(2004). Lower hippocampal volume in patients suffering from

606 T. C. T. F. Alves et al.

https://doi.org/10.1017/S0033291706007148 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291706007148


depression: a meta-analysis. American Journal of Psychiatry 161,
598–607.

Dam, H. (2001). Depression in stroke patients 7 years following
stroke. Acta Psychiatrica Scandinavica 103, 287–293.

Doraiswamy, P. M., MacFall, J., Krishnan, K. R., O’Connor, C.,

Wan, X., Benaur, M., Lewandowski, M. & Fortner, M. (1999).
Magnetic resonance assessment of cerebral perfusion in depressed
cardiac patients : preliminary findings. American Journal of
Psychiatry 156, 1641–1643.

Drevets, W. C., Price, J. L., Bardgett, M. E., Reich, T., Todd, R. D.

& Raichle, M. E. (2002). Glucose metabolism in the amygdala
in depression: relationship to diagnostic subtype and plasma
cortisol levels. Pharmacology, Biochemistry, and Behavior 71,
431–447.

Ebmeier, K. P., Glabus, M. F., Prentice, N., Ryman, A. &

Goodwin, G. M. (1998). A voxel-based analysis of cerebral
perfusion in dementia and depression of old age. Neuroimage 7,
199–208.

Farkas, E., De Jong, G. I., Apro, E., De Vos, R. A., Steur, E. N. &

Luiten, P. G. (2000). Similar ultrastructural breakdown of cere-
brocortical capillaries in Alzheimer’s disease, Parkinson’s disease,
and experimental hypertension. What is the functional link?
Annals of the New York Academy of Sciences 903, 72–82.

Farkas, E., de Wilde, M. C., Kiliaan, A. J. & Luiten, P. G. (2002).
Chronic cerebral hypoperfusion-related neuropathologic changes
and compromised cognitive status : window of treatment. Drugs
Today (Barcelona) 38, 365–376.

First, M. B., Opler, L. A., Hamilton, R. M., Linder, J., Linfield, L. S.,

Silver, J. M., Toshav, N. L., Kahn, D., Williams, J. B. & Spitzer,

R. L. (1993). Evaluation in an inpatient setting of DTREE, a
computer-assisted diagnostic assessment procedure.
Comprehensive Psychiatry 34, 171–175.

Folstein, M. F., Robins, L. N. & Helzer, J. E. (1983). The
Mini-Mental State Examination. Archives of General Psychiatry
40, 812.

Freedland, K. E., Rich, M. W., Skala, J. A., Carney, R. M., Davila-

Roman, V. G. & Jaffe, A. S. (2003). Prevalence of depression in
hospitalized patients with congestive heart failure. Psychosomatic
Medicine 65, 119–128.

Friston, K. J., Holmes, A., Poline, J. B., Price, C. J. & Frith, C. D.

(1996). Detecting activations in PET and fMRI: levels of inference
and power. Neuroimage 4, 223–235.

Fuchs, E. & Flugge, G. (2003). Chronic social stress : effects on
limbic brain structures. Physiology & Behavior 79, 417–427.

Georgiadis, D., Sievert, M., Cencetti, S., Uhlmann, F., Krivokuca, M.,

Zierz, S. & Werdan, K. (2000). Cerebrovascular reactivity is
impaired in patients with cardiac failure. European Heart Journal
21, 407–413.

Gispert, J. D., Pascau, J., Reig, S., Martinez-Lazaro, R., Molina, V.,

Garcia-Barreno, P. & Desco, M. (2003). Influence of the normal-
ization template on the outcome of statistical parametric mapping
of PET scans. Neuroimage 19, 601–612.

Gruhn, N., Larsen, F. S., Boesgaard, S., Knudsen, G. M., Mortensen,

S. A., Thomsen, G. & Aldershvile, J. (2001). Cerebral blood flow
in patients with chronic heart failure before and after heart trans-
plantation. Stroke 32, 2530–2533.

Hamilton, M. (1980). Rating depressive patients. Journal of Clinical
Psychiatry 41, 21–24.

Hickie, I., Scott, E., Naismith, S., Ward, P. B., Turner, K., Parker,

G., Mitchell, P. & Wilhelm, K. (2001). Late-onset depression:
genetic, vascular and clinical contributions. Psychological
Medicine 31, 1403–1412.

Jiang, W., Alexander, J., Christopher, E., Kuchibhatla, M., Gaulden,

L. H., Cuffe, M. S., Blazing, M. A., Davenport, C., Califf, R. M.,

Krishnan, R. R. & O’Connor, C. M. (2001). Relationship of
depression to increased risk of mortality and rehospitalization in
patients with congestive heart failure. Archives of Internal
Medicine 161, 1849–1856.

Junger, J., Schellberg, D., Muller-Tasch, T., Raupp, G., Zugck, C.,

Haunstetter, A., Zipfel, S., Herzog, W. & Haass, M. (2005).
Depression increasingly predicts mortality in the course of

congestive heart failure. European Journal of Heart Failure 7,
261–267.

Kamishirado, H., Inoue, T., Fujito, T., Kase, M., Shimizu, M., Sakai,

Y., Takayanagi, K., Morooka, S. & Natsui, S. (1997). Effect of
enalapril maleate on cerebral blood flow in patients with chronic
heart failure. Angiology 48, 707–713.

Mathiesen, E. B., Waterloo, K., Joakimsen, O., Bakke, S. J.,

Jacobsen, E. A. & Bonaa, K. H. (2004). Reduced neuropsycho-
logical test performance in asymptomatic carotid stenosis : the
Tromso Study. Neurology 62, 695–701.

Matsuo, K., Onodera, Y., Hamamoto, T., Muraki, K., Kato, N. &

Kato, T. (2005). Hypofrontality and microvascular dysregulation
in remitted late-onset depression assessed by functional near-
infrared spectroscopy. Neuroimage 26, 234–242.

Mayberg, H. S., Liotti, M., Brannan, S. K., McGinnis, S., Mahurin,

R. K., Jerabek, P. A., Silva, J. A., Tekell, J. L., Martin, C. C.,

Lancaster, J. L. & Fox, P. T. (1999). Reciprocal limbic-cortical
function and negative mood: converging PET findings in de-
pression and normal sadness. American Journal of Psychiatry 156,
675–682.

Mazziotta, J. C. (1994). Mapping human brain activity in vivo.
Western Journal of Medicine 161, 273–278.

Montgomery, S. A. & Asberg, M. (1979). A new depression scale
designed to be sensitive to change. British Journal of Psychiatry
134, 382–389.

Neumeister, A., Wood, S., Bonne, O., Nugent, A. C., Luckenbaugh,

D. A., Young, T., Bain, E. E., Charney, D. S. & Drevets, W. C.

(2005). Reduced hippocampal volume in unmedicated, remitted
patients with major depression versus control subjects. Biological
Psychiatry 57, 935–937.

Phillips, M. L., Drevets, W. C., Rauch, S. L. & Lane, R. (2003).
Neurobiology of emotion perception II : Implications for major
psychiatric disorders. Biological Psychiatry 54, 515–528.

Rajagopalan, B., Raine, A. E., Cooper, R. & Ledingham, J. G. (1984).
Changes in cerebral blood flow in patients with severe congestive
cardiac failure before and after captopril treatment. American
Journal of Medicine 76, 86–90.

Roose, S. P. (2003). Treatment of depression in patients with heart
disease. Biological Psychiatry 54, 262–268.

Roth, M., Tym, E., Mountjoy, C. Q., Huppert, F. A., Hendrie, H.,

Verma, S. & Goddard, R. (1986). CAMDEX. A standardised
instrument for the diagnosis of mental disorder in the elderly
with special reference to the early detection of dementia. British
Journal of Psychiatry 149, 698–709.

Scheltens, P., Barkhof, F., Leys, D., Pruvo, J. P., Nauta, J. J.,

Vermersch, P., Steinling, M. & Valk, J. (1993). A semiquantative
rating scale for the assessment of signal hyperintensities on
magnetic resonance imaging. Journal of Neurological Sciences
114, 7–12.

Sheline, Y. I. (2003). Neuroimaging studies of mood disorder effects
on the brain. Biological Psychiatry 54, 338–352.

Talairach, J. & Tournoux, P. (1988). A Co-planar Stereotaxic Atlas of
Human Brain. Thieme: Stuttgart.

Taylor, W. D., Steffens, D. C., MacFall, J. R., McQuoid, D. R.,

Payne, M. E., Provenzale, J. M. & Krishnan, K. R. (2003).
White matter hyperintensity progression and late-life depression
outcomes. Archives of General Psychiatry 60, 1090–1096.

Thomas, S. A., Friedmann, E., Khatta, M., Cook, L. K. & Lann, A. L.

(2003). Depression in patients with heart failure: physiologic
effects, incidence, and relation to mortality. AACN Clinical Issues
14, 3–12.

van den Berg, M. D., Oldehinkel, A. J., Bouhuys, A. L., Brilman, E. I.,

Beekman, A. T. & Ormel, J. (2001). Depression in later life : three
etiologically different subgroups. Journal of Affective Disorders 65,
19–26.

Vataja, R., Leppavuori, A., Pohjasvaara, T., Mantyla, R., Aronen,

H. J., Salonen, O., Kaste, M. & Erkinjuntti, T. (2004). Poststroke
depression and lesion location revisited. Journal of Neuro-
psychiatry and Clinical Neuroscience 16, 156–162.

Vataja, R., Pohjasvaara, T., Leppavuori, A., Mantyla, R.,

Aronen, H. J., Salonen, O., Kaste, M. & Erkinjuntti, T. (2001).

Depression and functional imaging changes in heart failure 607

https://doi.org/10.1017/S0033291706007148 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291706007148


Magnetic resonance imaging correlates of depression after
ischemic stroke. Archives of General Psychiatry 58, 925–931.

Vythilingam, M., Vermetten, E., Anderson, G. M., Luckenbaugh, D.,

Anderson, E. R., Snow, J., Staib, L. H., Charney, D. S. &

Bremner, J. D. (2004). Hippocampal volume, memory, and

cortisol status in major depressive disorder : effects of treatment.
Biological Psychiatry 56, 101–112.

Williams, J. B. (1988). A structured interview guide for the Hamilton
Depression Rating Scale. Archives of General Psychiatry 45,
742–747.

608 T. C. T. F. Alves et al.

https://doi.org/10.1017/S0033291706007148 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291706007148

