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Cardiac stress imaging with either echocardiogra-

phy or myocardial perfusion scintigraphy is a well-

established method for evaluation of coronary artery

disease and predicting outcome.1-4 In the current issue of

the journal, Boiten et al reported the longest-term fol-

low-up after stress imaging in 301 patients who

underwent dobutamine stress test with simultaneous

echocardiography and sestamibi myocardial perfusion

SPECT imaging (MPI). Patients were followed for an

average of 14 years. An abnormal test was strongly

predictive of adverse outcome.5 Both stress echocar-

diography and MPI were comparable in predicting

mortality and hard cardiac events. Although the number

of patients was relatively small particularly during the

later phase of the follow-up, the study has shown clearly

a sustained prognostic value of both techniques with

separation of survival curves in those with normal versus

abnormal study for at least 10-12 years after the test.

Based on these results, some important questions

arise. Do we know everything after the stress test? Is

there a need to repeat the stress test or do a different kind

of imaging? The answer is probably yes in some

patients, but who are these and why? What kind of

subsequent imaging modality should we consider?

ORDERING ANOTHER TEST AFTER A NORMAL
STUDY

Events after a normal test will depend on the

screened population and their life-long risk of develop-

ing significant cardiovascular disease. The initial stress

test will likely be normal in those with normal coronary

arteries as well as those with mild to moderate disease. If

the population consisted initially of the latter group, it is

likely that cardiac events will occur during longer-term

follow-up due to progression of the disease that was not

severe enough to cause abnormalities on earlier func-

tional imaging; hence continued surveillance in

individuals with higher clinical risk profile is war-

ranted.6 The recent development in hybrid imaging has

particularly been useful in this situation. A low-dose CT

used for attenuation correction applied with myocardial

perfusion SPECT imaging in state-of-the-art laboratories

can identify patients with a normal perfusion who may

otherwise still be at high risk of cardiac events over the

longer term in association with significant coronary

artery calcifications. In some occasions, very severe

coronary artery calcifications can be a red flag that the

test is false negative due to severe diffuse coronary

artery disease and balanced hypoperfusion.7,8

Various clinical and stress test variables have been

associated with the occurrence of cardiac events despite a

normal stress imaging study. These include diabetes

mellitus, advanced age, inability to perform exercise

stress test, and prior history of coronary artery disease.9-11

One study showed that after a normal dobutamine stress

echocardiogram, the annual hard cardiac event rate was

0.8% in the first 3 years and 1.7% between the fourth and

sixth years, suggesting a potential need to repeat the test

after the third year.10 In a study of patients with normal

stressMPIwho had previousmyocardial infarction and/or

revascularization, annual cardiac death rates were 0.5%

during the first 3 years of follow-up and 1.3% in the

subsequent 3 years.11
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REPEATING THE STRESS TEST AFTER AN
ABNORMAL STUDY

When patients subsequently receive revasculariza-

tion, appropriateness criteria have been established for

stress testing thereafter.1 In most prognostic studies,

these patients are censored if revascularization had

occurred within 3 months following the stress test. Still a

significant number of patients may not receive revascu-

larization after abnormal stress test. The list of reasons

include, patient/physician preferences for medical man-

agement, the absence of symptoms, high risk of

intervention, small size of abnormalities, false-positive

results, and unsuitable anatomy for revascularization.

Another common reason for not considering revascular-

ization is the presence of fixed defect without ischemia as

was the case in many patients included in the current

study. Interestingly, a previous study has shown that

among patients with no history of previous infarction,

fixed perfusion abnormalities were associated with more

adverse outcome compared to reversible abnormalities.12

Repeating the stress test in some patients who had

an earlier positive study may be clinically useful to assess

improvement with medical therapy and reevaluate the

area at risk. The findings of this study of continued

diversion of survival curves during the long-term follow-

up among patients with abnormal stress test make the

case for the need to repeat the test particularly in patients

with initially mild to moderate abnormality as these

patients appear to be at continued risk of cardiac events.

The follow-up stress test may detect further increase in

the severity and extent of functional abnormalities,6

lower ischemic threshold, worsening of left ventricular

function, adverse cardiac remodeling, and peri-infarct or

remote ischemia in patients with predominantly fixed

defects on initial study. These abnormalities may herald

a status of higher risk than initially anticipated and may

guide the physician in deciding to proceed with revas-

cularization and or intensify medical therapy.

ALL-CAUSE MORTALITY

One unique finding of this study is that 57% of

patients died during this long-term follow-up yielding

roughly a 4% or more annual mortality rate. Although

death was considered cardiac in 42% of cases, survival

curves continued to separate in patients with normal

versus abnormal stress test for at least 12 years follow-

ing the stress test. Apart from the known limitations of

determining the cause of death,13 the association of

abnormal stress test with noncardiac mortality may be

related to the association of coronary artery disease with

other risk factors and clinical diagnoses that may lead to

death such as diabetes mellitus, hypertension, stroke,

renal failure, and peripheral vascular disease. Therefore

it can be speculated that aggressive risk factor modifi-

cation could potentially reduce what is usually classified

as noncardiac mortality as well. The results of the stress

test could guide as how aggressive risk factor manage-

ment should be implemented.

THE RISK AFTER AN ABNORMAL STRESS TEST
MAY BE UNDERESTIMATED

Early revascularization after stress testing is usually

performed in patients with the most severe disease based

on stress test/angiographic results. Exclusion of these

patients does very likely reduce positive predictive value

of abnormal stress test by eliminating true-positive

studies. Similarly, patients with a positive test who have

late revascularization may enjoy better outcome. This

may artificially lower the calculated odds of cardiac

events after a positive study. These limitations are

inherent to all prognostic studies as it is mandated to

perform revascularization when clinical need is obvious.

Other factors that may lead to underestimation of the

risk after a positive stress test include attenuation of the

extent of ischemia by factors such as cardiac medica-

tions, suboptimal stress, and the presence of artifacts or

poor endocardial resolution.

THE NEW TECHNOLOGY

Application of attenuation correction and implement-

ing gated studies with observation of transient ischemic

dilation may further improve prognostic accuracy of stress

MPI beyond what is reported in this study. Additionally,

the use of hybrid imaging can be very useful by identifying

patients with significant coronary artery calcifications.7,8

This observation could set the requirement for closer

follow-up after a normal MPI and may drive suspicion that

ischemia may have been underestimated in those with

severe calcification who have otherwise a small perfusion

defect. This advantage is obviously not attainable by stress

echocardiography. The recent introduction of combined

vasodilator and exercise MPI is an added advantage of

radionuclide imaging in patients who can only perform a

limited exercise test. On the other side, the use of

myocardial contrast agents with stress echocardiography

to improve endocardial border delineation and to assess

perfusion may further improve the prognostic accuracy of

stress echocardiography.14-16

SUMMARY

The results of the current study show that the

findings of stress echocardiography and MPI remain

predictive of cardiac events and mortality during a very
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long-term follow-up. These results are very useful and

guide the physicians regarding short- and longer-term

patient’s management. Follow-up plans should be indi-

vidualized based on patients’ clinical risk profile and

potential limitations of the stress test should be sought

off. With the occurrence of more events during longer-

term follow-up, the positive predictive value of these

imaging modalities increase, but obviously with increas-

ing cumulative events in patients with normal study, the

negative predictive value drops. Therefore, considera-

tions to repeat the test at intermediate follow-up should

be made. Although some studies suggested that the test

should be preferably repeated after 3 years, the need and

the exact timing of repeating the test remains to be

determined. The overall mortality in this 14-year follow-

up study was staggering 57% and 30-40% of patients

with normal stress test died during that period. There-

fore, we should not always hang on the results of one

test for infinite assessment of prognosis as nothing lasts

forever.
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