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C

andidates for kidney transplantation undergo an extensive evaluation of health status before surgery (1).
An important component is a rigorous consideration
of the subject’s cardiovascular health. Among the reasons that
cardiac disease is particularly relevant to the pretransplant
evaluation is the need to fully assess and manage perioperative
risk. There are excellent published clinical practice guidelines
that link evidence to specific recommendations for the cardiac
evaluation of patients undergoing noncardiac surgery (2). Although written for general patient populations, many of these
principles can be applied directly to the potential renal transplant recipient.
Beyond perioperative risk, the potential transplant recipient
has other characteristics that make cardiac evaluation important. First, cardiovascular disease is the major cause of death in
this population (3). Almost half of deaths within 30 d of transplantation are due to cardiac events (4). Second, the long-term
posttransplant need for immunosuppressive medications may
complicate the process of atherosclerotic risk reduction (5).
Both steroids and calcineurin inhibitors can increase BP and
aggravate dyslipidemia. In addition, clinicians may tend to
under-treat with statin drugs because of interactions with calcineurin inhibitors. Third, kidneys for living or cadaver transplants are a precious and scarce resource. Because cardiovascular death is a major reason for eventual graft loss, the balance
of risk and benefit for decisions related to cardiac testing may
be shifted with this difficult resource utilization/ethical issue in
mind. In this editorial I will consider issues that affect the
cardiovascular presurgical evaluation of patients who seek renal transplantation. I will place particular emphasis on difficult
issues in clinical decision making with respect to the high-risk
candidate.
The American College of Cardiology (ACC) recommends a
stepwise approach to the selection of tests for risk assessment
before noncardiac surgery (2). For elective surgery, physicians
are asked to determine the level of clinical predictors of risk,
much as discussed above, and to categorize patients as having
minor, intermediate, or major predictors. It is recommended
that patients in the major group go directly to coronary angiog-
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raphy; patients with intermediate predictors should be stratified on the basis of functional status; the ACC recommends that
patients with good function proceed to surgery, with poorfunction noninvasive stress testing recommended. The American Society for Transplantation has guidelines refined more
specifically for pretransplant evaluation, recommending risk
stratification and noninvasive stress testing for candidates at
high cardiac risk (1).
Decisions as to selection of cardiac testing pathways involve
consideration of the complex interplay of test performance
characteristics applied to the individual patient. This is the
discipline of analytic clinical decision making. The clinician
must weigh (1) the accuracy of noninvasive tests (sensitivity
and specificity), in light of (2) the individual patient’s risk
profile (pretest probability) to understand how well the test will
be able to exclude the presence of significant disease (negative
predictive value). Positive predictive value, the likelihood that
a positive test result predicts actual disease, may be a less
important characteristic when trying to rule out the presence of
cardiac disease before transplantation.
Noninvasive cardiac tests (specifically dipyridamole thallium/sestamibi scintigraphy [DSS] or dobutamine echocardiography [DE]) have been fairly well studied in patients with
ESRD. A recent meta-analysis found that transplant candidates
with positive noninvasive stress tests may have a greater risk
for future cardiac events. For prediction of cardiac death the
pooled results indicated a sensitivity of 80%, but a specificity of
only 59% (6). For prediction of coronary stenoses in this patient
population, most studies have found these tests to have suboptimal accuracy, with sensitivity and specificity ⬍60% (7–11),
with some exceptions (12,13). It is my opinion that the study
with the greatest evidentiary value was one recently reported
by De Lima et al. (8). These investigators studied 126 renal
transplant candidates, performing coronary angiography as
well as both key noninvasive tests. The primary finding was
that DSS had a sensitivity and specificity of only 58% and 67%,
respectively, and DSE had a sensitivity of only 44%, with a
better specificity of 87%. Furthermore, patients were followed
for 4 yr to determine cardiac outcomes. But similar to the
results for cardiac stenoses, the noninvasive tests performed
with similar poor accuracy for the prediction of future cardiac
events. Only coronary angiography was able to reasonably
predict patients at risk. The authors concluded that noninvasive
testing was probably insufficient for high-risk transplant canISSN: 1046-6673/1604-0843
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didates (8). Taken together, the literature indicates that noninvasive cardiac stress tests perform with less than optimal accuracy in this patient population. It would probably be
unreasonable to expect the tests to perform with either sensitivity or specificity of ⬎70%. To estimate the tests’ predictive
value in an individual patient, however, we must first consider
the patient’s disease likelihood.
To determine the patient’s pretest probability of cardiac disease,
we begin by recognizing that in the ESRD population the general
risk for cardiac disease is very high. Several investigators have
performed coronary angiography in asymptomatic ESRD patients, and have found the proportion with significant coronary
artery stenoses to be approximately 37% (14 –18). In this issue of
JASN, Ohtake et al. put a finer point on this issue. They performed
coronary angiography on 30 new ESRD patients with no known
cardiac history (19). Remarkably, even in this asymptomatic incident population, 16 of 30 patients (53.3%) had significant coronary
artery stenotic (CAS) lesions. Among diabetic patients, 10 of 12
patients (83.3%) had significant stenoses. While the general incident dialysis population might have slightly different characteristics than transplant candidates, these results still serve as an important reminder of the high probability of occult coronary
disease in patients with advanced kidney disease.
The unfortunate combination of inaccurate diagnostic tests
and a population of patients with a high pretest probability of
disease ensures that the number of falsely negative test results
will be unacceptably high. For simplicity sake, I will approximate the data presented above to estimate that noninvasive
cardiac tests have a sensitivity and specificity of approximately
70%, and that the population pretest probability of occult coronary disease in transplant candidates is 40%. With these estimates, the general negative predictive value (the ability to
exclude significant coronary disease) of noninvasive testing
would be an acceptable 80%. However, as the patient’s risk
profile increases, test performance suffers (Table 1). If we consider a hypothetical higher-risk patient, such as one with dia-

Table 1. Pretest probability of coronary disease
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In this table, noninvasive cardiac stress tests are assumed
to have a sensitivity and specificity of 70% when applied to
renal transplant candidates. The positive and negative
predictive value (PPV and NPV) of the test result are
presented based on the patient’s pretest probability of
disease. Accordingly, the ability to satisfactorily exclude
significant coronary disease (NPV ⬎ 75%) will only occur if
the pretest disease probability is 40% or less.
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betes and peripheral vascular disease, the pretest probability of
coronary disease may be 75% or higher (20). In this patient, the
negative predictive value is only approximately 40% (60% of all
negative results will be falsely negative). The test adds less
value than a coin toss; a cardiac angiogram will be required
even with a negative noninvasive stress test. In fact, many
candidates for renal transplantation have diabetes and other
risk factors that raise the pretest probability of coronary disease
to ⬎50%. In such patients, negative noninvasive stress test
results will have ⬎30% false negative results. To the extent that
the data of Ohtake et al. (19) are representative of the general
diabetic transplant candidate, the high prevalence of occult
coronary disease found (83.3%) indicates that noninvasive testing may not be helpful for the majority of high-risk transplant
candidates. Failure to diagnose occult coronary artery disease
may have a great impact on outcomes. Bennett et al. studied 11
dialysis patients with occult CAS, and found that 8 were dead
within a mean of 19.8 mo (14). Intervention may improve
outcomes; Manske et al. randomized 26 asymptomatic diabetic
pretransplant patients with coronary disease to treatment by
medical management or revascularization by surgery or angioplasty. Revascularization resulted in significantly fewer ischemic heart disease events after transplantation (21).
Only coronary angiography can reasonably exclude the presence of significant coronary artery disease in many high-risk transplant candidates. But the risks of this test include radiocontrastinduced nephropathy (RCIN) (22), atheroembolic disease (23), and
other important complications (24). For the patient on dialysis
who is undergoing pretransplant evaluation, the risk for RCIN
may be less important, and coronary angiography would be a
reasonable starting test for many high-risk patients. In contrast,
the high-risk candidate who seeks preemptive living donor transplantation before dialysis poses a difficult problem. The risk for
RCIN may be great enough that the patient may reach ESRD as a
result of the procedure. Thus, the clinician is left with two disappointing choices: Wait for coronary angiography until the patient
starts dialysis, or proceed and confront the risk of inducing RCIN
and premature ESRD.
In conclusion, noninvasive cardiac stress tests are probably
not accurate enough to sufficiently exclude significant coronary
artery disease in high-risk renal transplant candidates. They
provide a false sense of security, but leave many patients undiagnosed, with continued exposure to excessive cardiac risk
and with a lost opportunity for beneficial therapeutic interventions. Better noninvasive tests are needed and improved technology should lead the way to a better future in this difficult
area of clinical decision-making. The ideal test would be highly
accurate and would not require the use of radiocontrast media.
Until such a test is available, clinicians must use great care in
the cardiac evaluation of high-risk renal transplant candidates.
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