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Abstract
Cardiac allograft vasculopathy (CAV) is

the major cause of long-term morbidity and
mortality in heart transplant recipients. At
present, the mainstay of diagnosis of CAV
consists of invasive coronary angiography and
intravascular ultrasound. Recently, studies
have pointed out that dobutamine echo-
cardiography (DE) and *'Tl SPECT may be
the most promising of noninvasive methods
for detection of CAV and for assessment of
prognosis. Accordingly, the purposes of this
study were to compare the relative merits of
DE and dobutamine *'T] SPECT for the
detection of CAV, and to assess the
prognostic value of the two modalities.

The study population consisted of 35
heart transplant recipients in whom simul-
taneous DE and “'Tt SPECT had been
performed. Twelve patients with disease of
the left anterior descending artery (LAD) and
another 12 normal subjects were also enrolled
for the evaluation of inhomogeneity of
myocardial perfusion. The sensitivity and
specificity for detecting CAV by DE were
67% and 94%, respectively. Using *'TI
SPECT, they were 100% and 78%,
respectively. The difference between the
scores of transplant recipients surviving less
than 12 months and those of control subjects
was not statistically significant. One year after
transplantation, the inhomogeneity score
increased progressively. The scores of

" transplant patients in the second and third
years after transplant were similar to those of
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single-vessel LAD patients. Three years after
transplant the scores were greatly increased.
Thus, our data suggest that simultaneous DE
and **'T1 SPECT is of value in detecting CAV.
The progressive nature of graft vasculopathy
also exists in Chinese heart transplant
recipients. The progressive TI-201 abnor-
malities might be one of the early signs of

graft vasculopathy.
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Cardiac allograft vasculopathy (CAV) is
the major cause of long-term morbidity and
mortality in heart transplant recipients (1-3).
The presentation of the disease is frequently
silent, resulting in delayed diagnosis. At
present, the mainstay of diagnosis consists of
invasive coronary angiography and IVUS (4).
Angiography often underestimates the
severity of the disease. IVUS has improved
the early detection of CAV by directly
imaging the coronary arterial wall (5-8).
However, this technique is still invasive and
requires cardiac catheterization for its
implementation.

Dobutamine echocardiography (DE) has
been reported to be one of the most promising
of noninvasive methods for detection of CAY
(9-15) and for assessment of prognosis (13-
15). In addition, exercise thallium-201 (*'TI)
imaging has been reported to be of value in
detecting CAV (16, 17). Tl imaging also
can provide prognostic information in heart
transplant recipients (16, 18, 19). However,
171 myocardial imaging with dobutamine
stress in heart transplant recipients has not
been examined. Recently, we have demon-
strated that simultaneous DE and dobutamine
271 SPECT is a valuable technique for the
detection of nontransplant coronary artery
disease (20) and for the evaluation of
myocardial viability (21). Accordingly, the
purposes of this study were to compare the
relative merits of DE and dobutamine *'T
SPECT for the detection and prognostic
assessment in patients with CAV.

Z~Fik
The study population consisted of 35
orthotopic heart transplant recipients (32 men,

3 women, aged 23-63 years) in whom
simultaneous DE and *'T1 SPECT, : and
coronary angiography had been performed.

The procedure for simultaneous DE and *'T1

imaging has been described previously in our
laboratory (20). As described by Sawada et al
(22), the left ventricle was divided into 16
segments for wall motion analysis. A normal
response to dobutamine was defined as
augmentation of systolic wall motion and
myocardial thickening. Myocardial ischemia
was considered present if new or worsening
regional dyssynergy was induced during
dobutamine stress. All SPECT images were
interpreted qualitatively. The left ventricle
was divided into 10 segments, as proposed by
Iskandrian et al (23). Stress images were
compared with redistribution images to
evaluate the presence or absence of reversible
or fixed defects. A *'T1 scan with reversible
and/or fixed defects was classified as
abnormal.

Twelve patients with disease of the left
anterior descending artery (LAD) and another
12 normal subjects were also enrolled for the
evaluation of inhomogeneity of myocardial
perfusion. The score of inhomogeneity was
calculated as described by Puskas et al (24).
CAV was diagnosed when a patient has
angiographic changes of grade II or greater
(11, 15).

Data are presented as mean + SD, Paired
continuous data were compared using the
paired 7 test. Y ? test was used to find
significant association between categorical
variables. Statistical significance was set at p
< 0.05.
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Simultaneous DE and *'Tl SPCET was
performed 3-12 months after transplantation
in 4 patients, 13-24 months in 14 patients, 25-
36 months in 10 patients and after 3 years in 7
patients. Three patients (3 months, 25 months
and 28 months after transplantation) had CAV
on coronary angiography. DE identified CAV
in 2 of the 3 patients but gave false positive
results in another 2 patients. Thus, the
sensitivity and specificity for detecting CAV



by DE were 67% and 94%, respectively. On
the other hand, *'T| SPCET detected CAV in
all the 3 patients but obtained false positive
" results in another 7 patients. Thus, using *'Tl
SPCET, the sensitivity and specificity for
detecting CAV were 100% and 78%,
respectively.

Table 1 shows the score percentage of
inhomogeneity in control subjects, in patients
with disease of the LAD, and in transplant
recipients according to the duration after
transplantation. The difference between score
values of control subjects and transplant
recipients surviving less than 1 year was
statistically not significant. However, the
difference between score values of control
subjects and heart recipients more than 12
months after transplantation was highly
significant (p < 0.001). There was a trend
toward a greater increase in mean score over
time. Three years after transplantation, the
inhomogeneity score values much increased
{p < 0.05 vs. any group).

study we found that there was a progressive
increase.in 'T| inhomogeneity score in heart
transplant recipients as their surviving time
increased. Puskas et al. suggested that *'TI
abnormalities may be partly caused by small
vessel alterations not identified by coronary
angiography and IVUS. Therefore, the
observed progressive >*'T1 abnormalities may
be early signs of beginning CAV.

The incidence of transplant CAV was
reported to be low in Chinese heart transplant
recipients. Hsu et al (26) reported that the
cumulative incidence of CAV detected by
angiography in Chinese patients was only 2%
at 1 year and also 2% at 2 and 4 years after
transplantation, in contrast to 11%, 22% and
45%, respectively, in the Western series (4,
27). In this study we found that *'TI
inhomogeneity score in transplant recipients
surviving less than 1 year was not different
from that in normal subjects. Thus, our data
agree with the findings obtained by Hsu et al.
(26) who observed that the incidence of CAV
(by angiography) is lower in Chinese than in

Table 1. *'T inhomogencity score in normal subjects, Caycasian. However, the progressive increase

in patients with LAD and in heart transplant recipients.

Study group Score of inhomogeneity (%)
meantsd Range

Controls (n=12) 824315 33-144

LAD (n =12} 163+ 4.4% 8.9-24.4

Transplamt reciplents

< 12 months {n = 4) 119436 29-156
13-24 months (n = 14} 16.8+2.8* 13.3-21.1
25-36 months (n = 10} 17.34+3.2¢ 133-233
>36 months {n = 7) 222+ 5.8%+ 12.2-30.0
*n < 0.001 vs. cootrols.  +p < 0.05 v, any group.
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Verhoeven et al. (18) reported that
probability of survival 5 years after cardiac
transplantation was 97% for patients with
normal exercise *'TI scan and only 26% for
those with abnormal imaging at 1 year. Puskas
et al (24, 25) disclosed that *'TI SPECT
frequently revealed pathologic results in heart
transplant recipients with normal coronary
angiography. They observed that in the course
of time, transplant recipfents showed
significantly increasing inhomogeneity score,
despite reproducible normal angiographic
findings. Similarly to their findings, in this

in inhomogeneity score with time observed in
this series suggested that the progressive
disease nature in CAV was the same in
Chinese as well as in Caucasian.
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In conclusion, this study demonstrates
that simultaneous DE and *'T1 SPECT is of
value in detecting CAV. Mean 'TI
inhomogeneity score in heart transplant
recipient surviving less than 1 year is similar
to that in normal subjects. One year after
transplantation, the scores of inhomogeneity
significantly increase over time. The observed
progressive Tl abnormalities probably may
be one of the early signs of beginning graft
vasculopathy. Long-term follow-up study is
needed to explore this issue.
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