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Myocardial perfusion imaging with single photon

emission computed tomography (SPECT) is an estab-

lished technique for the diagnosis of suspected coronary

artery disease (CAD). Clinically even more important is

the use of SPECT perfusion imaging for prognosis and

risk stratification. Important parameters have been

derived from SPECT imaging including the extent of scar

tissue and the extent and severity of ischemia.1 In addi-

tion, various other prognostic variables have been

identified, such as transient ischemic dilatation of the left

ventricle (LV), and functional LV parameters including

the LV ejection fraction (LVEF, at rest and stress) and LV

volumes. Particularly, Sharir et al2 evaluated 1,680

patients and demonstrated that the post-stress LVEF

provided incremental prognostic value over perfusion

abnormalities. The incremental value of adding LVEF

was most pronounced in patients with mild-moderate

abnormal perfusion, where the annual cardiac death rate

was 0.96% when the LVEF was C45%, but increased to

9.2% when the LVEF was \45%. Similarly, in patients

with severe perfusion abnormalities but preserved LVEF,

the annual cardiac death rate was 0.92% as compared to

5.7% in patients with reduced LVEF (\45%).

SPECT perfusion imaging is performed in con-

junction with physical exercise or pharmacological

stress, including both vasodilator stress (with dipyrid-

amole or adenosine, and more recently adenosine A2A

receptor agonists, such as regadenoson) and inotropic

stress (with dobutamine).

Physical exercise is preferred, since it provides infor-

mation on maximum exercise capacity, heart rate, and

blood pressure response during exercise and heart rate

recovery after exercise. All these parameters have been

associated with prognosis. In general, perfusion imaging

with pharmacological stress is associated with worse out-

come, related to the inability to perform physical exercise.

OUTCOME AND EXERCISE-RELATED
PARAMETERS

Myers et al3 followed 6,213 consecutive men for

6.2 ± 3.7 years who were clinically referred for treadmill

exercise testing. The annual mortality was 2.6%, and

predictors included older age, lower maximum heart rate,

lower maximum systolic/diastolic blood pressure, and

lower exercise capacity. After adjustment for age, max-

imum exercise capacity (expressed in metabolic

equivalents, METs) was the strongest predictor of death,

both in normal subjects and in patients with cardiovascu-

lar disease. Recently, Kodama et al4 performed a meta-

analysis of the studies on the prognostic value of maximal

aerobic capacity (n = 33 studies, 102,980 individuals

with 6,910 deaths, and 84,323 individuals with 4,485

cardiovascular events), and showed that individuals with a

maximal aerobic capacity of C7.9 METs had lower all-

cause mortality and less cardiovascular events.

Resting heart rate has been recognized as a strong

prognostic parameter with improved outcome after

pharmacological lowering of heart rate.5 Reduced

increase in heart rate during exercise (referred to as

chronotropic incompetence) has also been associated

with worse outcome. Lauer et al6 followed 1,575 men

(mean age 43 years) without CAD, from the Framing-

ham Offspring Study who underwent submaximal

treadmill exercise testing. Different measures of chro-

notropic incompetence were evaluated, including failure

to achieve 85% of the age-predicted maximum heart rate
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and the actual increase in heart rate from rest to peak

exercise. Failure to achieve target heart rate occurred in

21% of the individuals. During 7.7 years follow-up,

there were 55 deaths (14 cardiac deaths) and 95 cases of

incident CAD. Chronotropic incompetence predicted

both mortality and CAD incidence.

Heart rate recovery is another variable that can be

derived from exercise testing. It is defined as a

delayed decrease in heart rate during the first minutes

after graded exercise and is considered to reflect

decreased vagal activity. In 2,935 patients who under-

went exercise testing for suspected CAD, abnormal

heart rate recovery was noted in 838 (29%) patients;7

14% had severe CAD on angiography. Both abnormal

heart rate recovery and severe CAD were predictive of

death, and when corrected for severity of CAD and

LV function, heart rate recovery remained predictive

of death.

PROGNOSTIC VALUE OF EXERCISE VARIABLES
IN RELATION TO PERFUSION IMAGING

Lauer et al8 evaluated 2,953 patients with known

or suspected CAD, using exercise thallium-201 perfu-

sion imaging; 91 patients died during 2 years follow-

up. Perfusion defects were observed in 21% of patients.

Chronotropic incompetence was noted in 1,078

patients. After adjustment for confounding variables

(age, gender, thallium-201 perfusion defects), chrono-

tropic incompetence was independently predictive of

death.

In another study, Azarbal et al9 evaluated 10,021

patients who underwent exercise SPECT perfusion

imaging with follow-up of 719 ± 252 days; 234 deaths

occurred, including 93 cardiac deaths. Chronotropic

incompetence was noted in 42.8% of patients. Multi-

variate analysis indicated that the summed stress score

on SPECT and chronotropic incompetence were predic-

tive of all-cause mortality and cardiac death. SPECT

perfusion imaging was the strongest predictor of cardiac

death, followed by chronotropic incompetence.

Various mechanisms have been suggested to

explain the relation between chronotropic incompetence

and cardiac death.9 It has been shown that chronotropic

incompetence is related to CAD: patients with chrono-

tropic incompetence have more perfusion defects and

ischemia on SPECT perfusion imaging as compared to

patients with a normal heart rate response. Still, chro-

notropic incompetence remained predictive for (cardiac)

death after correction for CAD. Another explanation

may be that chronotropic incompetence is a marker of

autonomic dysfunction, which also relates to (cardiac)

mortality.

PROGNOSTIC VALUE OF CHRONOTROPIC
INCOMPETENCE IN PHARMACOLOGICAL

STRESS PERFUSION IMAGING

Recently, it has become evident that a blunted heart

rate response during vasodilator stress perfusion imag-

ing also has prognostic value. Abidov et al10 evaluated

heart rate response during adenosine perfusion SPECT

in 3,444 patients with follow-up of 2.0 ± 0.8 years.

Cardiac death occurred in 6.5%. On multivariate ana-

lysis, a high resting heart rate and a low ratio of peak/

rest heart rate were predictive of death. Moreover,

addition of these variables provided incremental prog-

nostic value over the perfusion data.

In the current issue of the Journal, Bellam et al11

provide further evidence on the prognostic value of the

heart rate reserve during vasodilator perfusion imaging.

The authors have used positron emission tomography

(PET) with rubidium-82 instead of SPECT. The data are

collected from the PET Prognosis Multicenter Registry

and included 2,398 patients undergoing vasodilator

stress, with 64 cardiac deaths during 1.9 ± 0.9 years

follow-up. The heart rate reserve was divided in tertiles

(B4, 5-14, and C15 beats�minute-1). Low heart rate

reserve was associated with older age, male gender,

beta-blocker use, and diabetes. A blunted heart rate

response during vasodilator stress in patients with

diabetes was earlier described by Bravo et al,12 who

compared the heart rate response during adenosine stress

in 60 diabetic patients with 60 controls, all with normal

perfusion on SPECT and normal LV function. The heart

rate response was significantly lower in patients with

diabetes. The prognostic value of this blunted heart rate

response in diabetic patients was further explored in the

population of the Detection of Ischemia in Asymptom-

atic Diabetes (DIAD) study.13 In this study, 518 patients

with diabetes underwent adenosine myocardial perfu-

sion imaging; follow-up was obtained during

4.7 ± 0.9 years and 15 (3%) cardiac deaths or nonfatal

myocardial infarctions occurred. Patients with a reduced

heart rate response had a higher event rate as compared

to patients with a normal heart rate response (8% vs 1%,

P \ .01). Both perfusion abnormalities and heart rate

response were independently related with outcome.

Importantly, patients with abnormal perfusion and

reduced heart rate response had the highest event rate

(38%), whereas patients with high heart rate response

(independent of perfusion abnormalities) had low event

rate (1%, P \ .001). Adenosine produces an increase in

heart rate, which most likely is related with sympathetic

stimulation, and it has been suggested that reduced heart

rate reserve is an expression of cardiac autonomic

dysfunction as frequently observed in the elderly and in

patients with diabetes.14
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Bellam et al11 also reported an association between

a lower heart rate reserve with higher resting heart rate,

use of diuretics, reduced LVEF (B45%), and larger

percentage abnormal myocardium at stress. These

observations suggest that the reduced heart rate reserve

could also be related to cardiac damage (scar formation

and remaining LV function), but this could also have

been related to impaired autonomic function. Interest-

ingly, the heart rate reserve was not related to the extent

of ischemia, and this requires further study.

Next, Bellam et al11 described the relation between

heart rate reserve and cardiac mortality: patients with

high heart rate reserve had much lower mortality (0.8%)

as compared to patients with low heart rate reserve

(12.8%, P \ .0001). Moreover, cardiac mortality was

also related with the extent of abnormal myocardium at

stress imaging. Specifically, patients with extensive

perfusion abnormalities and reduced heart rate reserve

were at high risk.

In conclusion, many studies have shown the prog-

nostic value of chronotropic incompetence during

physical exercise. There is now also increasing evidence

that the heart rate response during vasodilator stress

imaging provides important prognostic information and

systematic inclusion of the heart rate response in the

clinical report may further guide the clinician toward

optimal risk stratification.
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