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Editorial

Surveillance cardiac catheterisation in heart transplant
recipients

With continued improvements in immunosuppressive
therapy and management of rejection, the principal prob-
lem limiting long term survival of patients following heart
transplantation has been the development of cardiac allo-
graft vasculopathy (CAV). Virtually all patients who sur-
vive beyond one year have vascular changes of CAV with
the extent and severity of involvement correlating with
patient survival.' The lack of consistent clinical signs and
symptoms of CAV, the lack of reliable non-invasive test-
ing, and the rapidity of progression with poor prognosis,
have convinced most centres to perform annual coronary
angiograms post-transplantation as a matter of policy.

Unlike typical atherosclerotic coronary disease with dis-
cernable risk factors, there are no clear clinical, immuno-
logical or epidemiological factors that identify the
transplant recipients at risk of developing severe CAV.
Cardiac ischaemia caused by CAV does not typically pre-
sent as angina pectoris but rather as myocardial infarction,
sudden death or congestive heart failure secondary to
impaired ventricular function. Chest pain in a transplant
patient is usually not indicative of ischaemia; moreover,
ischaemia typically occurs in the absence of significant
chest discomfort. Acute myocardial infarction is often
silent or presents with atypical symptomatology. In a
review of transplant patients experiencing acute myocar-
dial infarction, chest pain was not a prominent feature,
ECG changes were non-specific, and infarct related mor-
tality approached 30%. All patients who suffered an acute
myocardial infarction were known to have had significant
CAV from their annual coronary angiographic studies.2
The practice of routine coronary angiography has been

supported by the lack of other effective means of monitor-
ing disease progression. Given the diffuse nature of CAV,
involvement of the microvascular as well as the epicardial
vessels, nuclear medicine studies predicated on regional
perfusion variations have been unreliable for detection of
ischaemia. In a prospective study evaluating echocardio-
graphy, rest and exercise gated wall motion studies, ambu-
latory ECG monitoring, exercise ECG and persantine-
thallium studies, the predictive values for all modalities in
detecting CAV were quite low. Echocardiographic detec-
tion of segmental wall motion abnormalities had the
highest sensitivity at 58%.3 Stress echocardiographic tech-
niques are currently being evaluated and appear promis-
ing, but additional large scale trials need to be performed.4

Coronary angiography demonstrates characteristic dif-
ferences distinguishing CAV as a separate entity from
typical atherosclerotic disease. The presence of angio-
graphically documented disease occurs in - 50% of
patients five years after transplantation. In addition to typ-
ical proximal stenoses of the epicardial vessels, CAV com-
monly exhibits diffuse, concentric involvement of the
secondary and tertiary branches. This distal "pruning" of
the vasculature often is not appreciated until careful com-
parisons have been made between serial studies. The
shortcomings of angiography for the detection and moni-
toring of CAV have become apparent in recent years. The
introduction of intravascular ultrasonography (IVUS) has

shown that early and extensive plaque development can
occur without significant lumenal encroachment or angio-
graphic evidence of disease.6 IVUS has further demon-
strated that accelerated development of disease occurs in
the first two years following transplantation with contin-
ued but less aggressive progression in subsequent years.78

In addition to structural information obtained from
coronary angiography and intravascular ultrasound stud-
ies, physiological information including the integrity of
endothelial function and assessment of coronary vasodila-
tory reserve can be acquired during surveillance cardiac
catheterisation. Endothelial dysfunction can occur early
post-transplantation, even in the absence of angiographi-
cally detectable CAV.9 Conversely, preserved endothelial
function, even in the presence of significant CAV, has
been demonstrated in long term transplant survivors and
may identify patients with better long term prognosis.'0
Measurement of coronary vasodilatory reserve using new
Doppler and pressure coronary wires may enable us to
assess the impact of CAV on the microvasculature and
further define long term risk for individual patients."
While the practical applicability of these assessments
remains to be seen, this information continues to enhance
our understanding of the disease process.
The inability to understand fully the pathophysiology of

CAV has significantly hampered attempts to ameliorate its
consequences and improve transplant recipient outcomes.
However, in spite of our incomplete understanding of
CAV risk factors, some progress has been made. For
example, hyperlipidaemia following cardiac transplanta-
tion is common although a clear causal association with
the development of CAV has never been established defin-
itively. Concerns regarding the interaction of HMGCoA
reductase inhibitors with cyclosporin-that is, potential
rhabdomyolysis, have made physicians reluctant to use
these agents in the transplant population. Two recent
studies, however, have shown a trend towards less CAV
and potential improved survival in patients treated with
simvistatin"2 or pravastatin."3 New immunosuppressive
agents such as rapamycin and mycophenolate mofitil are
being studied carefully for potential secondary benefits in
retarding the development of CAV. Drugs that enhance
endothelial function are also being studied and may have a
beneficial effect on graft survival. Identification of patients
with early evidence of CAV could help the patients most
likely to benefit from new treatments.

Given the lack of symptoms and absence of accurate
detection of ischaemia by non-invasive means, most coro-
nary interventions for CAV have been performed because
of the presence of severe angiographic disease. Given the
diffuse nature of the process, the number of patients with
focal stenoses amenable to percutaneous strategies repre-
sents a distinct minority of all patients with CAV.
Although procedural success rates have been high and
comparable to patients with atherosclerosis, long term
outcomes have not been very satisfactory with high rates
of restenosis and minimal discernable impact on survival.'4
Experience with coronary artery stenting has yet to be
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reported but the likelihood of significant improvement
over traditional interventional techniques is low. Given
the poor outcome associated with CAV and lack of other
alternatives, retransplantation has been offered as a thera-
peutic option when the disease limits the likelihood of
long term survival. Survival rates after retransplantation
are poor compared with primary transplantation, but a
number of patients have done well; CAV as the indication
for retransplantation has been associated with better out-
comes. 15

As our experience and understanding of CAV has
matured, many physicians have begun to question the use-
fulness of routine coronary angiography in this patient
population. Studies have demonstrated that disease sever-
ity varies tremendously within the transplant population.
There is clearly a group of patients who develop an aggres-
sive form of disease within months of transplantation and
another group that follows a much more benign course,
demonstrating minimal disease even many years after
transplantation. There are currently no predictors that
stratify risk of CAV, but identification of patient subtypes
may become feasible using information obtained from car-
diac catheterisation including coronary angiography,
IVUS, endothelial function assessment, and determina-
tion of vasomotor competency. Patients with favourable
profiles and minimal disease progression could be permit-
ted to undergo less stringent evaluation; patients with
rapid progression would receive more attentive follow up
and could be considered for more aggressive treatment,
including novel pharmacological, immunological, and
interventional strategies.

At Stanford, we have continued to perform annual car-
diac catheterisation in our transplant recipients with a
high percentage of patients participating in ongoing or
new clinical trials. As CAV remains the principal impedi-
ment to patient longevity, we feel compelled to monitor its
progression even if current therapeutic options are less
than ideal. The decision to forego periodic assessment of
CAV is made on an individual basis when there is patient
and physician consensus that the information obtained
would not be beneficial or the risks of the procedure
appear unacceptably high. Patients with severe CAV who
are acceptable retransplant candidates have been provided
with this option. Despite suboptimal long term outcomes
with percutaneous interventions, they have been offered to
patients as palliative therapy. These policies reflect our
long term commitment to the patient from the initial deci-

sion to pursue transplantation as therapy for their end
stage heart disease. We believe that continued investiga-
tive endeavours performed in conjunction with routine
surveillance examinations will lead to improved treatment
strategies for CAV.
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