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Objective: The authors investigated the links between depression, cardiac disease, and
microcirculatory cerebral blood flow (CBF). Method: A magnetic resonance imaging tech-
nique based on arterial spin tagging was used to estimate microcirculatory CBF in de-
pressed (N=5) and comparison (N=14) elderly subjects with coronary artery disease. Sig-
nal intensity ratios corresponding to relative microcirculatory CBF were calculated for four
regions on two axial images through the upper and lower halves of the lateral ventricles.
Results: On the superior image, estimates of microcirculatory CBF were statistically signif-
icantly lower on the left side in the depressed subjects than in the nondepressed group.
When the ratios in the superior and inferior images were averaged, the depressed subjects
had lower values for both left periventricular regions of interest and the parietal region.
Conclusions: Despite the small study group and indirect estimates of blood flow, these
preliminary findings suggest that a relative cerebral hypoperfusion may underlie depres-

sion in elderly cardiac patients.
(Am J Psychiatry 1999; 156:1641-1643)

There is great interest in studying the cerebrovascu-
lar substrates of geriatric depression (1-3). Magnetic
resonance (MR) imaging of blood flow in the smaller
distal branches, referred to as “microcirculatory cere-
bral blood flow” (microcirculatory CBF), is a rapidly
changing area (4-6). Methods involving MR arterial
spin tagging use the water in blood as an endogenous
freely diffusible tracer and offer the potential to mea-
sure regional microcirculatory CBF noninvasively (4
6). In this study we used modified echo-planar MR im-
aging (MRI) and signal targeting with alternating ra-
dio frequency (4) to evaluate microcirculatory CBF in
depressed subjects with coronary artery disease.

METHOD

After complete description of this study to the subjects, written in-
formed consent was obtained. Nineteen elderly subjects with coro-
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nary artery disease underwent interviews for depression and were as-
sessed with the Mini-Mental State (7) and the Cumulative Illness
Rating Scale (8), an assessment of medical burden (table 1). Five
subjects had major depression according to the DSM-IV criteria and
scored higher than 20 on the Montgomery-Asberg Depression Rat-
ing Scale (9); the other 14 were classified as nondepressed. Of the de-
pressed subjects, four had recurrent illness, three had experienced
onsets after age 50 years, and four had moderate-to-severe depres-
sion. Coronary artery disease was documented by using all available
information. The severity of coronary artery disease was calculated
according to the Duke Severity of Medical Illness Scale (10); the
mean score was 3.53 (SD=1.5) (possible range=0-12; a higher score
indicates greater severity). Twelve subjects had hypertension, nine
had diabetes, seven had congestive heart failure, 16 had one or more
vessels with more than 75% occlusion, and the number of concur-
rent cardiovascular medications ranged from one to six.

The MR images were obtained with a 1.5-T MRI unit (GE Signa),
and two axial arterial spin tagging images (2 cm apart, through the
upper and lower halves of the lateral ventricle) were selected by us-
ing a spin echo localizer series. The arterial spin tagging method we
used makes images of two slices at a time, creating two images per
slice. One image has an intensity proportional to the tissue signal
and the signal from the “tagged” blood that has flowed into the slice
during the blood inflow interval, while the second image has an in-
tensity proportional to the tissue signal and the “untagged” blood.
Tagging is accomplished by using an adiabatic inversion pulse on the
head region below the slice. Subtracting the two images for a given
slice produces an image that is proportional to the blood flow. Addi-
tional data, such as the T relaxation time of the tissue and blood,
must be acquired to actually calculate regional CBE. However, the
ratio of the image intensity in one region to that in another reflects
the relative blood flow. The pulse sequence characteristics were the
following: 0.5-cm slice thickness, 40-cm field of view, 128x128 sam-
pling matrix, TR=1400 msec, TE=27 msec, and imaging band-
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TABLE 1. Relative Microcirculatory CBF Measured by MRI in Depressed and Nondepressed Elderly Cardiac Patients

Depressed (N=5) Nondepressed (N=14) Analysis
Variable Mean SD Mean SD t df? p
Age (years) 60.0 6.2 63.6 9.9 08 17 0.47
Montgomery-Asberg Depression Rating Scale score 32.4 4.4 4.6 4.8 -11.4 17 <0.0001
Mini-Mental State score 26.4 17 26.9 25 04 17 0.71
Cumulative lliness Rating Scale score 5.6 2.3 5.4 2.2 -0.2 17 0.83
Signal intensity ratioP for microcirculatory CBF
Right frontal lobe 0.71 0.26 1.00 0.43 14 15 0.18
Right periventricular region 1 0.97 0.65 1.16 0.27 06 15 0.57
Right periventricular region 2 0.89 0.16 0.93 0.26 04 15 0.73
Right parietal lobe 1.81 0.30 1.96 0.97 05 15 0.65
Left frontal lobe 0.52 0.37 1.05 0.52 21 17 0.05
Left periventricular region 1 0.57 0.11 1.20 0.47 46 17 0.0003
Left periventricular region 2 0.60 0.13 1.19 0.67 3.1 17 0.007
Left parietal lobe 1.10 0.28 2.19 0.88 41 17 0.0008

a Right-side images for two nondepressed subjects were excluded because of artifacts.

b Relative to value for occipital lobe.

width=180 KHz. The inversion, tagging, pulse was a hyperbolic se-
cant pulse that affected blood inferior to the slice, with an inflow
delay between tagging and imaging of 1200 msec. There was a 1-cm
gap between the inversion tag region and the imaged slices. Fifty re-
peated images were averaged for both the tagged and the untagged
conditions, for a total imaging time of 2.5 minutes. Scans of all sub-
jects had evidence of periventricular or subcortical hyperintensities.

The raw data for the images was transferred to a Sun SPARCsta-
tion 10 computer and processed by using computer programs based
on interactive data language. The tagged and untagged images were
separately averaged, and then the resulting two images were sub-
tracted, yielding an image modeled (11) under certain assumptions,
depending on flow and other characteristics, as 2 MTI(f/A)e”TV/T1
where f=perfusive flow, A=blood-tissue partition coefficient, Tl=in-
version time, T1=spin lattice relaxation time, and Mo=spin density.
Thus, as long as similar tissues are compared, the comparison de-
pends mainly on the relative values of f. Regions of interest were vi-
sually identified on a superimposed spin echo image and placed in
five regions (frontal, parietal, two in periventricular/subcortical nu-
clei, and occipital) on the left and right sides to obtain signal inten-
sity values corresponding to microcirculatory CBE. All measure-
ments were obtained on an off-line console by an investigator who
was blind to the diagnosis of depression, and the ratios reported are
based on pixels within the defined regions of interest. Because of ar-
tifacts, we discarded measurements on the right side for two nonde-
pressed subjects.

One-way analyses of variance (two-tailed, SAS Institute) were
used to compare the groups. The SAS procedure for computing p
values for unequal variances was used for comparisons in which
the variances were unequal. Signal intensity ratios (relative to the
occipital signal intensity on the same side) were used for group
comparisons.

RESULTS

Microcirculatory CBF was statistically significantly
lower for the depressed group than for the nonde-
pressed group in the frontal, periventricular 1, periven-
tricular 2, and parietal regions in the superior image
for the left hemisphere (table 1). The values for the
right side tended to be lower for the depressed group,
but the differences did not reach statistical significance
(table 1). Microcirculatory CBF for the depressed and
nondepressed groups did not differ on the inferior im-
age, although the values for the left periventricular re-
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gions of interest tended to be lower in the depressed
subjects. When the ratios in the superior and inferior
images were averaged, the depressed subjects had
lower values for both left periventricular regions of
interest (t=4.6, df=17, p<0.0003; t=4.3, df=17,
p<0.0005) and the parietal region (t=2.6, df=17,
p<0.02).

DISCUSSION

Our findings extend prior data linking late-life de-
pression with vascular changes in specific brain regions
(1-3). However, this is a preliminary study and our re-
sults must be interpreted with caution since several fac-
tors (e.g., atrophy, small group size, and use of relative
flow estimates) could have confounded our findings. In
addition, the study used only two functional slices, and
therefore, we cannot state whether brain regions above
or below the axial slabs examined were altered or nor-
mal. Newer multislice MR perfusion techniques (3, 6)
may overcome some of these limitations and appear to
be ideal for future studies.
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