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Coronary artery vasculopathy (CAV) developing in

the allograft significantly limits event-free survival after

heart transplantation. Some evidence of CAV can be

detected by coronary angiography in 10% and 50% of

patients 1 and 5 years after transplantation, respectively.1

However, the disease is characterized by concentric and

diffuse arterial hyperplasia in both proximal and distal

coronary segments, and thus may be underestimated by

coronary angiography. Furthermore, the diagnostic

challenge is heightened by the absence of typical angina

due to denervation of the transplanted heart. More sen-

sitive detection techniques using intravascular ultrasound

suggest that early evidence of CAV such as intimal

thickening is prevalent in an even larger number of

patients than detected by coronary angiography.2 The

pathogenesis of this intriguing and challenging condition

is still somewhat speculative. The fact that patients

without traditional risk factors, such as young patients

transplanted for dilated cardiomyopathy, are at risk of

CAV suggests a mechanism distinct from atherosclero-

sis. The involvement of allograft vessels with sparing of

the host’s native arterial system indicates that the disease

is not solely caused by immunosuppressive therapy or

systemic factors in the host.3 The current knowledgebase

suggests that CAV is the result of immunological

differences between the graft and host, leading to

immunologically mediated arterial hyperplasia.4 Once

the condition develops, no intervention has been shown

to definitively reverse the process. The clinical course is

usually one of progressive myocardial ischemia leading

to left ventricular dysfunction and heart failure. The

diffuse nature of the arteriosclerotic process renders

conventional coronary revascularization less useful, and

re-transplantation remains the only definitive therapy.

One-year survival is an abysmal 20% after a clinical

ischemic event.1 Thus, current clinical practice guide-

lines recommend annual surveillance coronary angi-

ography in heart transplant recipients, the intent being

early diagnosis of CAV. However, this approach is not

optimal because of the associated patient risk and dis-

comfort, and the performance characteristics of coronary

‘‘luminography,’’ which are more suited for the detec-

tion of discrete rather than diffuse coronary involvement.

In this issue of the Journal, Alain Manrique and col-

leagues5 report on a study of 110 patients who had gated

stress-rest SPECT myocardial perfusion imaging (MPI)

using Tl-201 or Tc-99m sestamibi and surveillance cor-

onary angiography within one month of each other, at

least 18 months after heart transplantation. While prior

studies have explored the utility of MPI in post-transplant

patients, Manrique and colleagues used contemporary

imaging methodology, i.e., gated SPECT imaging with

mostly Tc-99m tracer, and thus had information on both

perfusion and function. Abnormal coronary angiograms

were classified into grade 1 (minor, diffuse irregularities

or focal stenosis\50%) or grade 2 (obstructive disease)

CAV. Outcomes measured consisted of cardiac events

related to CAV: cardiac death, nonfatal MI, or re-trans-

plantation, the primary endpoint, and late ([2 months

after SPECT) revascularization, the secondary endpoint.

From a clinical perspective, the most relevant results

pertain to the prognostic utility of SPECT in this popu-

lation. It is noteworthy that 53% of SPECT performed an

average of 66 ± 37 months (range 20-168 months)

showed normal myocardial perfusion. While we are not

told how many of these patients also had normal left

ventricular function (stress ejection fraction C50%, and

end-systolic volume B35 mL), we could perhaps infer

that this number was high based on the good correlation

between the summed stress score and left ventricular

function. What is striking is the fact that in patients who

had normal left ventricular perfusion and function on

SPECT, the event free survival was 100% to at least
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27 months after the SPECT, and significantly better

than patients with an abnormal SPECT. Multivariable

analyses revealed that the presence of any CAV (RR =

8.816) and a stress perfusion defect[3 segments (RR =

5.607) were the only predictors of the primary end-point,

and the latter the only predictor of late revascularization.

A small post-hoc analysis performed by comparing out-

come in the 17 patients who underwent late revas-

cularization with non-revascularized patients matched

for age and perfusion abnormality showed that revascu-

larized patients were more likely to be re-transplanted,

where as the predominant event in the matched, non-

revascularized cohort was cardiac death. As expected,

while parameters of abnormal myocardial perfusion and

function were correlated with the presence of CAV, the

diagnostic accuracy of MPI for the detection of CAV was

only modest. However, there was a correlation between

the degree of perfusion abnormality and the angiographic

severity of CAV.

The diagnosis of CAV requires many unique con-

siderations. The disease is characterized by diffuse

involvement of proximal and distal coronary segments.

Thus, coronary angiography, which relies on the presence

of a normal reference segment to identify reductions in

luminal diameter, does not have optimal performance

characteristics for its diagnosis. Intravascular ultrasound

is more sensitive for the detection of intimal thickening,

an early manifestation of CAV, but is impractical for

serial imaging.2 Noninvasive coronary angiography using

multi-detector x-ray computed tomography (CT), which

visualizes the vessel wall, may have an advantage over

the luminogram obtained by invasive coronary angiog-

raphy in detecting intimal thickening.6 Limitations

include the inability to sometimes visualize the distal

branches, and the resting tachycardia prevalent in heart

transplant recipients. Both invasive and CT coronary

angiography require iodinated contrast with potentially

deleterious effects in a population of patients with a high

prevalence of compromised renal function due to toxicity

from calcineurin inhibitor immunosuppressive therapy.

In clinical practice, surveillance coronary angiography

has to be avoided in a significant proportion of transplant

recipients in an effort to preserve renal function. Thus,

SPECT MPI, which is ubiquitously available, is an

attractive option in this setting. The important question is

whether it can replace coronary angiography as the sur-

veillance imaging modality of choice. The study by

Manrique and colleges provides some important direc-

tions in this regard.

SPECT MPI is very well-established for the

assessment of atherosclerotic coronary artery disease.

Although it has excellent diagnostic accuracy for the

detection of obstructive coronary artery disease, the

unique strength of the technique lies in its ability to

predict outcome. The report by Manrique suggests that

the prognostic power of SPECT MPI could be applied

with advantage to the post-heart transplant population.

Their data indicate that a normal SPECT MPI (perfusion

and function) predicts excellent event-free survival in

the intermediate term (up to 2 years, approximately),

even when performed an average of 5 years after heart

transplantation. Furthermore, the presence of perfusion

abnormalities predicts progressive disease leading to

revascularization, which in turn is associated with a

lower rate of cardiac death. These findings suggest that

serial SPECT MPI could potentially be used in place of

serial coronary angiography for the noninvasive sur-

veillance for CAV.

The data presented in this analysis are preliminary,

and subject to the usual flaws of a retrospective analysis.

Importantly, selection bias is very likely to have occurred

in this cohort of post-transplant patients, included in the

analysis based on having had a clinically indicated

SPECT and surveillance coronary angiography within

one month of each other. We have no information on

contemporary patients who did not undergo SPECT.

Such bias in patient selection can have unpredictable

effects on the data. Similarly, specific criteria for revas-

cularization were not predetermined, and we are not told

why patients with comparable perfusion defects in the

matched cohort were not revascularized. Other consid-

erations unique to SPECT should also be addressed, such

as the prevalence of balanced ischemia, given the diffuse

involvement of the coronary vasculature characteristic of

CAV.

Despite these limitations and unanswered questions,

this report by Manrique and colleagues establishes a

good reason to further explore the utility of SPECT for

the surveillance of CAV. The current practice of annual

coronary angiography in these patients is cumbersome,

and exposes patients to potential procedural and neph-

rotoxic risk. The use of a noninvasive imaging modality

such as gated-SPECT in this setting offers many

advantages, but the available literature pertaining to this

is generally based on outdated imaging methodology.7-9

Therefore, before this approach can be implemented

clinically, a prospective clinical study to confirm the

results of Manrique and colleagues and to explore other

relevant questions is essential. In designing such a trial,

it would be important to remember that diagnostic sen-

sitivity and specificity using coronary angiography as

the gold standard may not be the best parameter to

determine the utility of SPECT in this setting. Drawing

an analogy from the paradigm shift occurring in the

assessment and management of atherosclerotic coronary

artery disease, it is perhaps time to shift gears from

diagnosis to prognosis when evaluating post-transplant

patients for CAV.
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