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Stress-rest single-photon emission computed

tomography (SPECT) myocardial perfusion imaging

(MPI) has been used for nearly forty years for the diag-

nostic assessment of patients with suspected coronary

artery disease (CAD), and for making important patient

management decisions, such as determining who needs

cardiac catheterization or myocardial revascularization.

Decision-making using SPECT-MPI is based on its pro-

ven prognostic efficacy. Principally, a normal SPECT-

MPI study establishes patients as to who are at low risk of

subsequent adverse clinical events,1,2 and among patients

with inducible myocardial ischemia, clinical risk increa-

ses in exponential relationship to the magnitude of

inducible myocardial ischemia.3,4 These findings have

been robustly demonstrated through a serial study.

Recently, however, there has been a growing rec-

ognition that the prognostic significance associated with

a normal SPECT-MPI study needs to be more closely

evaluated. For many years, the nuclear cardiology

community promulgated that a normal SPECT-MPI

study provides a ‘‘warranty’’ for low risk. Notably, this

‘‘warranty’’ was based on short-term outcome studies,

often involving follow-up of only 2-3 years’ duration.

The danger is that such thinking might lull both physi-

cians and patients into a false sense of security relative

to modifying cardiovascular risk factors. Recently, Su-

pariwala et al5 reported that when patients with normal

SPECT studies are followed over a longer time span,

there is considerable heterogeneity in outcomes among

patients with normal exercise SPECT-MPI studies. In

particular, the presence of hypertension, smoking, and

diabetes were all significant predictors of long-term risk.

Annual all-cause mortality rate was 0.2% among

patients with none of these three risk factors, 0.6%

among those with one of these risk factors, 1.3% with

two of these risk factors, and 1.7% for those with all

three of these risk factors.5 Additional risk is identified

among patients who undergo pharmacological as

opposed to exercise SPECT-MPI.6 The greater risk

associated with pharmacological SPECT-MPI has been

thought to be because of the older age and greater fre-

quency of comorbidities in such patients. However, one

study—where exercise and adenosine SPECT-MPI

patients were propensity matched to have similar risk-

factor profiles, and patients with any cardiac morbidities

were excluded—showed that patients with normal

adenosine SPECT-MPI studies still had greater mortality

than normal exercise studies in all age groups

(Figure 1).7 Subsequent study has demonstrated that

when both CAD risk factors and the consideration of

exercise vs pharmacological stress testing are all con-

sidered, there is a marked variability in long-term

outcomes among patients with normal SPECT-MPI

studies (Figure 2).8

To-date, the studies concerning long-term follow-up

with normal SPECT-MPI have largely focused on

patients with suspected CAD, with exclusion of patients

with known CAD. By contrast, in this issue of the

Journal of Nuclear Cardiology, Ottenhoff et al report

their findings concerning a 12-year follow up of 266

patients with known CAD and normal SPECT-MPI

studies. Known CAD was defined on the basis of a prior

myocardial infarction and/or a history of a myocardial

revascularization procedure. Within this cohort, the

annualized all-cause mortality rate was 3.1%, and the

cardiac mortality rate was 0.9%. The annualized event

rate for cardiac death and/or non-fatal myocardial

infarction was 1.2%. These event rates do not vary

significantly from prior studies involving short-term

outcomes among patients with known CAD following

SPECT-MPI. For example, Hachamovitch et al9 found

that among patients with a normal SPECT-MPI, those

with known CAD had a significantly higher event rate

for cardiac death or non-fatal myocardial infarction than

those without known CAD (1.4 vs 0.4%/year) over a

mean 1.8-year follow-up period.
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Significant predictors of outcome in the study by

Ottenhoff et al10 included age, diabetes mellitus, and

rate-pressure product at peak stress. However,other

CAD risk factors that have been noted to be significant

long-term predictors among patients with suspected

CAD, such as hypertension and smoking, were not

found to be significant predictors of outcome in this

study.5 In assessing this potential discordance, the

Figure 1. Comparative survival of the propensity-matched exercise and adenosine patients
following division of these patients by age. Adapted from reference7.

Figure 2. Adjusted Kaplan-Meier survival curves according to stress mode and CAD risk factor
burden. Adjusted for age, gender, ethnicity, hyperlipidemia, family history of heart disease, body
mass index, and chest pain symptoms. Adapted from reference8.
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limitations of the present study must be emphasized.

First, the follow-up study reported herein represents a

very small sample size. For instance, a history of con-

gestive heart failure did not reach statistical significance

as an outcome predictor in the present study, but this

would have likely been a strong predictor had the

present study come from a large patient sample. Second,

the current report lacks important details concerning the

assessment of risk factors. For instance, we are informed

that 20% of patients were smokers, but we do not know

what fraction of smokers were current vs former

smokers. Similarly, we are not provided with any

information as to how chest pain was ascertained in this

study.

Nevertheless, an important finding by Ottenhoff

et al10 is the substantial difference in outcomes among

their patients undergoing exercise vs dobutamine-atro-

pine SPECT-MPI patients. After one year of followup,

there was a progressively greater decline in survival

among their patients who underwent pharmacological

stress. We are not provided information as to the com-

parative age and clinical profiles of the two groups, but

these results parallel the results of other studies.

FUTURE DIRECTIONS

The report by Ottenhoff et al10 raises the question as

to what should we demand of future studies regarding

long-term outcome studies following SPECT-MPI and

why? The need for future study is compelling for two

reasons. First, recent observations suggest that there has

been a decline in the frequency of abnormal and

ischemic SPECT-MPI studies compared to that 2-3

decades ago.11,12 In one recent study, the frequency of

abnormal SPECT-MPI studies fell from 40.9% to 8.7%

over two decades.11 While this study was performed in

patients with suspected rather than known CAD, other

types of data now also point to CAD being a ‘‘milder’’

disease, including data indicating a decline in both the

frequency13 and initial severity of myocardial infarc-

tion.14 Thus, presumably, there is now also a high

frequency of non-ischemic or normal studies among

patients with known or suspected CAD referred for

SPECT-MPI. The high frequency of normal studies

following SPECT-MPI stress testing naturally leads to

increased interest in how long-term outcomes may vary

according to risk factors and other clinical variables in

these patients. Prospective research in this arena should

include heightened standards relative to the reporting of

risk-factor data, type, and severity of chest pain symp-

toms, results concerning functional capacity, assessment

of left ventricular function (lacking in the present study),

resting hemodynamic data, and other clinical factors.

Since there are a considerable number of clinical

variables that could potentially influence long-term

outcomes among patients with known and suspected

CAD, studies such as these should involve large sample

sizes, perhaps necessitating the collection of pooled data

from multiple centers for this purpose.

At the same time, we can expect to be increasingly

challenged as to how reporting these types of data can

assist in patient care. Presently, newer technologies,

such as coronary calcium scanning and coronary CT

angiography, are assessed not only according to how

well these tests predict outcomes, but also according to

whether the application of these tests favorably change

outcomes. Can the impact of Nuclear Cardiology benefit

by being put under the same microscope? To illustrate,

with increasing data pointing to a substantially height-

ened risk for adverse outcomes among normal SPECT-

MPI patients who cannot exercise, would ‘‘emphasized-

reporting’’ of this heightened risk lead to physician-

patient interactions that might serve to reduce this risk?

Therapeutic actions that may follow the reporting of

heightened long-term risk in non-ischemic patients could

include, referral to programs that promote home exercise,

or to programs to address musculoskeletal problems that

inhibit the performance of physical activity during daily

life activity. Examining such issues would certainly

add considerable complexity to the study of outcomes

following nuclear cardiology procedures, but could

represent a model by which these very procedures could

become a force for promoting primary- and secondary-

disease prevention for patients in the future.
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