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Cardiac Imaging

Achieving an Exercise Workload
of >10 Metabolic Equivalents Predicts
a Very Low Risk of Inducible Ischemia
Does Myocardial Perfusion Imaging Have a Role?

Jamieson M. Bourque, MD, MHS, Benjamin H. Holland, MD, Denny D. Watson, PHD,
George A. Beller, MD

Charlottesville, Virginia

Objectives We sought to identify prospectively the prevalence of significant ischemia (�10% of the left ventricle [LV]) on
exercise single-photon emission computed tomography (SPECT) imaging relative to workload achieved in con-
secutive patients referred for myocardial perfusion imaging (MPI).

Background High exercise capacity is a strong predictor of a good prognosis, and the role of MPI in patients achieving high
workloads is questionable.

Methods Prospective analysis was performed on 1,056 consecutive patients who underwent quantitative exercise gated
99mTc-SPECT MPI, of whom 974 attained �85% of their maximum age-predicted heart rate. These patients were
further divided on the basis of attained exercise workload (�7, 7 to 9, or �10 metabolic equivalents [METs])
and were compared for exercise test and imaging outcomes, particularly the prevalence of �10% LV ischemia.
Individuals reaching �10 METs but �85% maximum age-predicted heart rate were also assessed.

Results Of these 974 subjects, 473 (48.6%) achieved �10 METs. This subgroup had a very low prevalence of significant
ischemia (2 of 473, 0.4%). Those attaining �7 METs had an 18-fold higher prevalence (7.1%, p � 0.001). Of the
430 patients reaching �10 METs without exercise ST-segment depression, none had �10% LV ischemia. In con-
trast, the prevalence of �10% LV ischemia was highest in the patients achieving �10 METs with ST-segment
depression (14 of 70, 19.4%).

Conclusions In this referral cohort of patients with an intermediate-to-high clinical risk of coronary artery disease, achieving
�10 METs with no ischemic ST-segment depression was associated with a 0% prevalence of significant isch-
emia. Elimination of MPI in such patients, who represented 31% (430 of 1,396) of all patients undergoing exer-
cise SPECT in this laboratory, could provide substantial cost-savings. (J Am Coll Cardiol 2009;54:538–45)
© 2009 by the American College of Cardiology Foundation

ublished by Elsevier Inc. doi:10.1016/j.jacc.2009.04.042
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he sequelae of coronary artery disease (CAD) continue to
ause significant morbidity and impose high economic costs.
dentifying those at the highest risk of major adverse cardiac
vents is imperative for guiding therapy and maximizing the
enefits of revascularization. Noninvasive diagnostic imag-
ng assists with this process and consequently has grown

ore than any other physician service under Medicare
eimbursement (1). In 2005 alone, 9.3 million nuclear
yocardial perfusion studies were performed at significant
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ost to the health care system (2). Improved pre-test risk
tratification is essential to use this expensive imaging
odality in a cost-effective manner. The incremental value

f stress myocardial perfusion imaging (MPI) is small for
atients with a low-risk stress test, a low-risk Duke Tread-
ill Score, or a high rate-pressure product without ST-

egment depression (3–5).

See page 546

Exercise capacity measured in metabolic equivalents
METs) alone is a powerful predictor of cardiovascular
vents (6). Higher workloads achieved during exercise stress
redict improved survival rates, irrespective of age and sex
6–8). A cutpoint of 10 METs achieved predicts low

ortality, even in the setting of significant CAD (9,10). Its
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ssociation with the prevalence of significant ischemia by
uantitative single-photon emission computed tomography
SPECT), as compared with the Duke Treadmill Score,
ould be of interest (11,12).
Accordingly, the primary objective of this study was to

etermine prospectively the relationship of cardiac workload
ttained to the prevalence and extent of myocardial abnor-
alities by gated SPECT in patients with known or an

ntermediate-to-high probability of CAD who achieved
85% of their maximum age-predicted heart rate

MAPHR). The hypothesis tested was that individuals
eaching diagnostic heart rates (�85% of their MAPHR)
nd �10 METs have a low prevalence of significant
schemia (�10% of the left ventricle [LV]). A second
ypothesis tested was that individuals achieving �85% of
heir MAPHR with lower workloads have a greater preva-
ence of ischemia. The third hypothesis was that patients
eaching �85% of their MAPHR but �10 METs would
till have a low prevalence of significant ischemia but greater
han that seen in those attaining their target heart rate.

ethods

rospectively collected data from the University of Virginia
uclear Databank were analyzed in a cohort of consecutive

atients undergoing exercise testing and SPECT imaging at
he University of Virginia Medical Center.
tudy cohort. This prospective study cohort comprised
,794 consecutive patients who underwent 99mTc SPECT
PI between February 2006 and January 2007. After

xcluding those who underwent pharmacologic stress or
chieved �10 METs and �85% of their MAPHR, our final
tudy cohort included 1,056 subjects (Fig. 1). Patients
eaching �10 METs and �85% of their MAPHR were not
tudied, because it is well-recognized that such patients are
t high risk for CAD and future cardiac events due to
econditioning and other factors. Imaging provides added
iagnostic and prognostic information in this patient pop-
lation (13).
Patients achieving �85% of their MAPHR (n � 974)

ere subdivided into 3 groups (�7 METs [n � 267], 7 to
METs [n � 234], and �10 METs [n � 473]). To test

he third hypothesis, a second group of 82 individuals who
ttained �10 METs but �85% of their MAPHR was also
xamined.
linical information collection and management. Clini-

al information was collected from patients at the time of
heir exercise test and entered into the University of Virginia
uclear Databank, including demographic data, comorbidi-

ies, physical examination, and baseline electrocardiogram
ECG) findings. Exercise test parameters and SPECT
esults (volumes, perfusion, and function) were also re-
orded (14,15). Protocol approval and waiver of informed
onsent were obtained from the University of Virginia

nstitutional Review Board.
xercise testing. All subjects un-
erwent exercise treadmill stress
ith electrocardiographic monitor-

ng with standard exercise protocols;
,033 of 1,056 (99%) exercised
ccording to a Bruce or modified
ruce protocol. The decision of
hether to stop anti-ischemic med-

cation before testing was left up to
he discretion of the referring physi-
ian. Testing was symptom-limited
nless prematurely terminated for
easons recommended in the exer-
ise testing guidelines (16). Exercise
orkload was defined as the total
ETs achieved (17). Ischemic ST-

egment depression was defined as
1 mm horizontal or down-sloping

epression of the ST-segment �80
s after the J-point for 3 consecutive

eats.
adionuclide SPECT imaging. Subjects underwent

9mTc sestamibi rest-stress gated-SPECT MPI with either
1- or 2-day protocol (for a body mass index �36 kg/m2).
ith the 1-day protocol, patients received first 10 mCi of

9mTc sestamibi at rest, and images were acquired after a
0-min delay. They subsequently received 30 mCi of 99mTc
estamibi at peak stress with gated-SPECT imaging per-
ormed after a 30-min delay. The 2-day protocol differed in
hat subjects received 30 mCi of 99mTc sestamibi (45 mCi in

Abbreviations
and Acronyms

CAD � coronary artery
disease

ECG � electrocardiogram

LV � left ventricle/
ventricular

LVEF � left ventricular
ejection fraction

MAPHR � maximum age-
predicted heart rate

MET � metabolic
equivalent

MI � myocardial infarction

MPI � myocardial perfusion
imaging

SPECT � single-photon
emission computed
tomography

Figure 1 Study Cohort Derivation Flowchart

MAPHR � maximum age-predicted heart rate; MET � metabolic
equivalent; SPECT � single-photon emission computed tomography.
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atients with a body mass index �45 kg/m2) before both
est and stress imaging.

Images were acquired with a dual-head GE Infinia
amera (GE Medical Systems, Milwaukee, Wisconsin) with
ow-energy, high-resolution collimators. Each camera head
otated through 60 projections at 30 to 40 s/projection to
cquire 180° of data with a standard 99mTc energy window.
he data from the 2 heads were combined to give 360° of

overage. No scatter or attenuation correction was used.
uclear imaging interpretation. Myocardial perfusion

tudies were initially read clinically by experienced nuclear
ardiology specialists with visual and quantitative image
nalysis (14). All borderline or abnormal studies were
eclassified by the consensus of 2 additional readers blinded
o additional patient information. The University of Vir-
inia quantification program provides continuous measure-
ent of relative percent tracer uptake in each of 17 standard

egments. Segments were flagged as normal or abnormal, on
he basis of normal databases. Reversibility was flagged by
omputer-based analysis of variance derived from the nor-
al databases. Systolic and diastolic volumes and body

urface area normalized volumes were also calculated (14).
To compare the results more easily with other published

tudies, each segment was categorized into normal, mild,
oderate, and severe defects and absent tracer uptake

scores 0 to 4). Segmental scores were categorized by each
eader who chose a score on the basis of both the quanti-
ative perfusion data and a qualitative visual assessment. The
emi-quantitative summed stress, rest, and difference values
ere calculated from these segmental scores. The 5 apical

egments were weighted at 40% of the value of nonapical
egments to correct the standard 17-segment model so that
ach unit of myocardial volume was given equal weight.
inally, the “percent myocardial ischemia” was obtained by
ividing the difference between summed stress and summed
est scores by the maximum possible difference. This score,
lthough misnamed by tradition, does provide a logical

aseline Characteristics in Patients Achieving >85% of Their MAPTable 1 Baseline Characteristics in Patients Achieving >85% o

Characteristic
<7 METs Achieved

(n � 267)

Age, yrs 64 (53, 72)

Male 121 (45.3)

Chest pain 168 (62.9)

Hypertension 197 (73.8)

Diabetes mellitus 66 (24.7)

Hyperlipidemia 157 (58.8)

Current tobacco use 84 (31.5)

Known CAD 59 (22.1)

History of MI 39 (14.6)

Prior revascularization 51 (19.1)

Abnormal resting ECG 46 (17.2)

Same-day beta-blocker use 18 (6.7)
alues are expressed as median (25th, 75th percentiles) or n (%).
CAD � coronary artery disease; ECG � electrocardiogram; MAPHR � maximum age-predicted heart ra
emi-quantitative measure, which combines both extent and
everity of LV inducible ischemia (11,12).

utcomes. The primary outcome for our analysis was the
revalence of �10% LV ischemia on MPI. This value was
sed as the cutpoint for significant ischemia on the basis of
prior report of revascularization benefit in patients dem-

nstrating �10% LV ischemia (11). The mean %LV
schemic burden and the percentages of patients with 0%,
% to 4%, 5% to 9%, and �10% LV ischemia, as catego-
ized in the COURAGE (Clinical Outcomes Utilizing
evascularization and Aggressive Drug Evaluation) trial
uclear substudy, were ascertained (18). The prevalence of
arying degrees of LV ischemia was determined in the
ubgroups of patients achieving either �7, 7 to 9, or �10

ETs. The prevalence of fixed defects in these groups was
ocumented as well. The influence of ischemic ST-segment
epression on this workload–ischemia relationship was also
nvestigated.
tatistical analysis. Descriptive statistics are given as me-
ians with 25th and 75th percentiles and compared by
nalysis of variance with Tukey’s studentized range testing
nd t tests for continuous variables and as numbers of
atients with percentages and comparisons by Pearson
hi-square or Fisher exact testing for categorical variables.
he level of significance was 0.05 for all analyses.
Univariable logistic regression analyses of possible pre-

ictors of �10% LV ischemia (Table 1) were performed.
ariables with p values �0.10 were entered into a multiva-

iable logistic regression model predicting �10% LV isch-
mia. The C-statistic represents the discriminative power of
he logistic equation (1.0 represents perfect prediction). All
tatistics were performed with SAS version 9.1 (SAS Insti-
ute, Cary, North Carolina).

esults

tudy population characteristics. Patients reaching �85%
f their MAPHR had a 22.4% prevalence of known CAD,
ith 132 of 974 patients (13.6%) having had a prior

elative to Workload Attainedir MAPHR Relative to Workload Attained

ETs Achieved
(n � 234)

>10 METs Achieved
(n � 473) p Value

60 (50, 67) 53 (46, 61) �0.001

09 (46.6) 325 (68.7) �0.001

49 (63.7) 333 (70.4) 0.061

57 (67.1) 204 (43.1) �0.001

41 (17.5) 49 (10.4) �0.001

39 (59.4) 258 (54.6) 0.357

64 (27.4) 114 (24.1) 0.094

64 (27.4) 95 (20.1) 0.092

37 (15.8) 56 (11.8) 0.293

56 (23.9) 80 (16.9) 0.083

27 (11.5) 35 (7.4) �0.001

12 (5.1) 24 (5.1) 0.604
HR Rf The

7–9 M

1

1

1

1

te; MET � metabolic equivalent; MI � myocardial infarction.
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yocardial infarction (MI). Table 1 shows that the patients
ho achieved higher workloads were younger, more often
ale, and had significantly lower rates of diabetes and

ypertension. For variables with p � 0.05, all pair-wise
omparisons were statistically significant between those
eaching �10 METs and both those attaining �7 and 7 to
METs except an abnormal resting ECG, which was only

ignificant between �7 and �10 METs. Only age and
iabetes mellitus had statistically significant differences
mong all 3 groups. There were no significant differences in
he proportion with prior known CAD or MI. Symptoms
ossibly related to ischemia (i.e., chest pain or dyspnea)
ere reported in 77.4% (754 of 974) of the overall cohort
ith no significant differences among groups on the basis of

xercise capacity (p � 0.65).
xercise and stress parameters. The physiologic parame-

ers, symptoms, and stress-ECG findings are provided in
able 2. In patients reaching �85% MAPHR, 117 (12%)
ad chest pain during the test, and 93 (80%) of these had
ormal scans. The prevalence of exercise chest pain (40 of
73, 8.5%) and ST-segment depression (43 of 473, 9.1%)

xercise Test Variables in Patients Achieving >85% of Their MAPHTable 2 Exercise Test Variables in Patients Achieving >85% o

Exercise Test Parameter
<7 METs Achieved

(n � 267)

Exercise duration (min) 6 (5, 6)

Maximum predicted HR 93 (89, 99)

Maximum systolic BP (mm Hg) 197 (175, 218)

Maximum diastolic BP (mm Hg) 87 (76, 99)

Rate pressure product (�103) 28.8 (25.1, 32.8)

�1 mm ST-segment depression on ECG 35 (13.1)

Chest pain during stress 42 (15.7)

Duke treadmill score 4 (1, 6)

alues are expressed as n (%) or median (25th, 75th percentiles).
BP � blood pressure; HR � heart rate; other abbreviations as in Table 1.

Myocardial SPECT Imaging Results Versus ExerCapacity in Patients Achieving >85% of Their MTable 3 Myocardial SPECT Imaging Results
Capacity in Patients Achieving >85

Characteristic
<7 METs Achieved

(n � 267)

Perfusion

Fixed perfusion defects 46 (17.2)

Any reversible ischemia 55 (20.6)

Mean % LV ischemic (SD) 1.8 (4.4)

LV ischemia

0% 212 (79.4)

1%–4% 17 (6.4)

5%–9% 19 (7.1)

�10% 19 (7.1)

Volumes and function

ESVI 12 (8, 17)

ESVI �25 32 (12.1)

EDVI 43 (37, 52)

Ejection fraction 65 (58, 70)

Values are expressed as n (%) or median (25th, 75th percentiles).

EDVI � end-diastolic volume index; ESVI � end-systolic volume index;

tomography; other abbreviations as in Table 1.
ere both significantly lower in individuals attaining �10
ETs than in the lower workload subgroups.
The small change in the percentage of the MAPHR

chieved was not clinically significant and was only statis-
ically significant when comparing �7 and �10 METs
93% vs. 96%). No other physiologic parameters varied by
xercise workload. The median Duke Treadmill Score was
ignificantly different across all 3 workload levels (�7 METs:
.3; 7 to 9 METs: 7.0; �10 METs: 9.0, p � 0.001 among
ach of the 3 groups). A low-risk Duke Treadmill Score is
onsidered �5.0, and an intermediate score is ��10.0 but
5.0 (15). In this study, the median Duke Treadmill Score fell

n the low-risk range for those attaining �7 METs and in the
ntermediate-risk category for those reaching �7 METs. The

edian Duke Treadmill Score was in the same risk category
or patients achieving �10 METs and those reaching 7 to 9

ETs. However, the prevalence of �10% LV ischemia was
ignificantly different between the 2 workload groups.
PECT imaging results. The relationship between car-
iac workload and SPECT imaging findings are presented
n Table 3. All variables with a global p � 0.05 had

lative to Workload Attainedir MAPHR Relative to Workload Attained

7–9 METs Achieved
(n � 234)

>10 METs Achieved
(n � 473) p Value

7 (7, 8) 10 (9, 12) �0.001

94 (89, 99) 96 (90, 101) 0.012

198 (172, 221) 197 (174, 215) 0.593

86 (76, 98) 85 (76, 95) 0.323

29.4 (25.9, 33.8) 31.0 (27.5, 34.7) 0.388

35 (15.0) 43 (9.1) 0.048

35 (15.0) 40 (8.5) 0.004

7 (3, 7) 9 (7, 11) �0.001

Rus Exercise
Their MAPHR

METs Achieved
(n � 234)

>10 METs Achieved
(n � 473) p Value

28 (12.0) 31 (6.6) �0.001

39 (16.7) 19 (4.0) �0.001

1.3 (4.1) 0.2 (1.4) �0.001

�0.001

95 (83.3) 454 (96.0)

20 (8.6) 12 (2.5)

9 (3.9) 5 (1.1)

10 (4.3) 2 (0.4) �0.001

11 (8, 17) 14 (10, 18) 0.614

24 (10.4%) 40 (8.5) 0.283

43 (37, 53) 47 (40, 55) 0.145

66 (61, 71) 65 (60, 69) 0.203
R Ref The
ciseAPHVers
% of

7–9

1

LV � left ventricular; SPECT � single-photon emission computed
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tatistically significant differences between those reaching
10 METs and those attaining �7 and 7 to 9 METs.

ndividuals who achieved �85% of their MAPHR with
igher exercise workloads had a markedly lower prevalence
f perfusion abnormalities (p � 0.001) (Fig. 2). Subjects
ith �10 METs exercise capacity had a more than 5-fold

ower prevalence of reversible ischemic defects and 2.6-fold
ewer fixed perfusion defects compared with those attaining
poor workload (�7 METs).
Those who achieved �10 METs had a low percentage of

ny ischemia (19 of 473, 4%) and significant ischemia (2 of
73, 0.4%), defined as �10% of the LV. The latter
epresents a more than 17-fold decrease compared with the
revalence of �10% LV ischemia in those attaining �7
ETs (19 of 267, 7.1%). The percentage of subjects with

ignificant LV dysfunction (EF �35%) was also lower in
hose attaining �10 METs (0.7% vs. 3.1%, p � 0.007).
alue of the ST-segment response on the exercise ECG.
igure 3 shows that, of the 430 patients who achieved �10
ETs with no ischemic ST-segment depression, only 3

0.7%) had 5% to 9% LV ischemia. The prevalence of
10% LV ischemia was 0%. Of the 43 patients who

chieved �10 METs with ischemic ST-segment depres-
ion, 2 (4.7%) had 5% to 9% LV ischemia, and 2 had �10%
V ischemia (p � 0.016 and p � 0.001, respectively,
ompared with those without ST-segment depression). As
hown in Figure 3, the prevalence of LV ischemia by
PECT was higher in patients failing to reach �10 METs.
f the 70 patients attaining �10 METs with ST-segment

epression, 14 (20%) had �10% LV ischemia. For those in
his group that attained �7 METs, 28.6% (10 of 35) had

10% LV ischemia.
ogistic regression modeling. Diabetes, hyperlipidemia,
nd tobacco use were not significant predictors of �10% LV
schemia on univariable logistic regression analysis. The
emaining variables from Table 1 were entered into a
ultivariable logistic regression model predicting significant

Figure 2 Prevalence of LV Ischemia by Exercise Capacity

The 974 individuals reaching 85% of their maximum age-predicted heart rate were
axis). The vertical axis represents the percentage of subjects with each percentag
V ischemia (�10%) in subjects attaining �85% of their
APHR (Table 4). The predictive accuracy of this model
s very high, with a C-statistic of 0.92. Lower exercise
apacity (�10 METs) gave the largest increased odds of
10% LV ischemia when present. Pre-specified testing

evealed no interactions between cardiac workload and age,
ale sex, decreased LVEF, and ischemic ST-segment

epression (p � 0.925, p � 0.921, p � 0.645, and p �
.829, respectively).
nfluence of higher workload in patients attaining <85%

APHR. Of all the patients in the original study cohort
chieving �10 METs, 14.8% (82 of 555) reached �85% of
heir MAPHR. This subgroup had a higher rate of beta-

d by exercise workload achieved (horizontal
ft ventricular (LV) ischemia. MET � metabolic equivalent.

Figure 3
Relationship of Ischemic ST-Segment
Depression on the Exercise ECG and
Workload Achieved to the Percentage of LV Ischemia

The 974 subjects reaching �85% of their maximum age-predicted heart rate
were divided by the exercise workload attained and the presence of ischemic
ST-segment depression. The vertical axis represents the prevalence of 5% to
9% and �10% LV ischemia. ECG � electrocardiogram; other abbreviations as
in Figure 2.
divide
e of le
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locker use on the day of testing (18.3% vs. 5.1%, p �
.001) and a 2.2-fold higher prevalence of known CAD
43.9% vs. 20.1%, p � 0.001) compared with the 473
atients achieving �85% of MAPHR and �10 METs.
Table 5 shows that subjects attaining �10 METs of

orkload but �85% MAPHR were approximately 4 times
ore likely to have fixed and ischemic perfusion defects

han patients achieving �10 METs and �85% of their
APHR. Ischemia of �10% of the LV was also more

revalent in those reaching �85% of their MAPHR, but
he difference was not statistically significant (2.4% vs. 0.4%,
� 0.11). As shown in Table 5, the �85% MAPHR group

howed a higher percentage of patients with an end-systolic
olume index �25 (25.9% vs. 8.5%, p � 0.001) and a lower
edian LVEF (61% vs. 65%, p � 0.001).

iscussion

xercise workload is an important prognostic variable de-
ived from the exercise stress test. Good exercise capacity
as been associated with decreased mortality, MI, and
evascularization, even in those with ischemic ST-segment
epression (6,8,9,17,19,20). Moreover, exercise duration is
of the 3 components of the Duke Treadmill Score. High

evels of exercise workload and low-risk Duke Treadmill
cores are associated with a lack of benefit with revascular-

zation and a decreased prognostic impact of ischemia with
espect to cardiac death and nonfatal MI (3,4). A high
ate-pressure product without ST-segment depression also
dentifies a low-risk group (5). Exercise capacity was shown
o be a better predictor of all-cause mortality than maximum

Multivariable Logistic Regression AnalysisPredicting >10% Ischemia of the Left VentricleTable 4 Multivariable Logistic Regression A
Predicting >10% Ischemia of the L

Variable Chi-Sq

�10 METs exercise capacity 8

ST-segment depression �1 mm on exercise ECG 18

Chest pain during stress 6

Male sex 4

Ejection fraction (2 by 5%) 3

Global Wald chi-square � 58.2, c � 0.92.
2 � decrease; other abbreviations as in Table 1.

PECT Imaging Results by MAPHRchieved in Patients Attaining >10 METsTable 5 SPECT Imaging Results by MAPHR
Achieved in Patients Attaining >10 METs

Characteristic

>85% MAPHR
Achieved
(n � 473)

<85% MAPHR
Achieved
(n � 82) p Value

Perfusion

Fixed defects 31 (6.6%) 21 (25.6%) �0.001

Reversible ischemia 19 (4.0%) 15 (18.3%) �0.001

�10% LV ischemia 2 (0.4%) 2 (2.4%) 0.106

Volumes and function

ESVI �25 40 (8.5%) 21 (25.6%) �0.001

Ejection fraction, median
(25th, 75th percentiles)

65 (60, 69) 62 (56, 67) 0.001
2bbreviations as in Tables 1 and 3.
xercise heart rate and even the angiographic severity of
AD (6,9).
However, these prior studies have certain limitations,

ncluding small sample sizes, inclusion of lower-risk subjects
ith a low incidence of cardiovascular risk factors, a lack of

ymptom documentation, and the exclusion of patients with
AD or prior MI. Many of these analyses were retrospec-

ive, analyzed only all-cause mortality, and did not deter-
ine the value of MPI to further risk-stratify.
The study population in this report comprised individuals

eferred for combined exercise ECG testing and MPI at the
utset, thereby reducing bias from selective referral. The
ajority of these patients were symptomatic and had known
AD or multiple risk factors (one-quarter had diabetes)

onsistent with an intermediate to high risk of CAD.
A cutpoint of 10 METs was chosen, because prior studies

ave shown low rates of all-cause mortality, cardiac death,
onfatal MI, and revascularization in individuals reaching
his level of workload (19–21). Among the patients with
iagnostic exercise heart rates, there was a very low rate of
yocardial ischemia (4%) in those reaching an exercise
orkload �10 METs. Only 2 of the 473 patients (0.4%)

ttaining �85% of their MAPHR and �10 METs had
ignificant ischemia, which was defined as �10% of the LV
yocardium. This finding is especially important, because
achamovitch et al. (11,12) showed a survival benefit with

evascularization only in patients with ischemia involving
10% of the LV. Although their study is subject to the

imitations of a retrospective analysis, it suggests that 10%
V ischemia might be the optimal threshold for revascu-

arization. Moreover, in the COURAGE nuclear substudy,
he rate of death or MI was high (39.3%) for individuals
ith residual ischemia of �10% of the LV (18). In the
resent study, patients reaching �7 METs had a �17-fold
ncrease in the prevalence of �10% LV ischemia.

The low prevalence of �10% LV ischemia and decreased
enefit of perfusion imaging in the group with increased
orkload are consistent with the outcomes in patients with
low-risk Duke Treadmill Score (4,15). Some key differ-

nces between analyzing workload alone versus the Duke
readmill Score are worth mentioning. The prevalence of
oderate-to-severe perfusion defects appears higher in

atients with a low-risk Duke Treadmill Score (16% to

is
ntricle

Odds Ratio 95% Confidence Interval p Value

10.1 2.2–46.0 0.003

7.1 2.9–17.4 �0.001

3.2 1.3–8.0 0.014

3.0 1.1–8.2 0.033

1.3 1.0–1.7 0.048
nalys
eft Ve

uare

.9

.8

.1

.6

.9
0%) (3,4) versus the prevalence of such defects for those
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eaching �10 METs in the present study (0.4%). This
ifference is not unexpected. Although individuals achieving
to 9 METs in this study had a median Duke Treadmill

core in the low-risk range, they had a higher rate of
ignificant perfusion abnormalities. Moreover, chest pain, 1
f the components of the Duke Treadmill Score, is subjec-
ive and often not reflective of ischemia (22). The majority
f individuals reaching �85% MAPHR with exercise chest
ain in the present study had normal scans (80%).
No differences in LVEF or cardiac volumes were ob-

erved with decreasing exercise workload. This suggests that
he degree of myocardial ischemia affects exercise capacity
ore than LV systolic function or volumes. This is consis-

ent with the finding of a lesser relationship between extent
f fixed defects and workload achieved. These patients
chieving �10 METs but �85% MAPHR had more
erfusion defects, a higher prevalence of significant isch-
mia, and higher end-systolic volumes than those attaining
10 METs and �85% of their MAPHR. Thus, the
APHR achieved provides important additional informa-

ion to exercise capacity with respect to predicting the
revalence of significant ischemia. This is not surprising,
ecause chronotropic incompetence during a treadmill test
s a marker of increased future cardiovascular mortality (13).

The model examining the predictors of �10% LV
schemia was highly predictive (c � 0.92) and demonstrated
hat reduced exercise capacity is 1 of the 2 most significant
arkers of significant LV ischemia. Not reaching �10
ETs was associated with a 10-fold increase in the risk of

aving �10% LV ischemia on SPECT imaging. The other
ignificant predictor was the presence of ischemic ST-
egment depression. As mentioned previously, not 1 patient
chieving �85% of MAPHR and �10 METs of workload
ithout ischemic ST-segment depression had �10% LV

schemia. It seems unlikely that any supplemental prognos-
ic information that might influence management decisions
ould be expected from myocardial SPECT imaging as an
djunct to the exercise ECG in this subgroup. For example,
n patients achieving a workload of �10 METs without
xercise-induced ischemic ST-segment depression, optimal
edical therapy would likely first be instituted according to

ractice guidelines.
New protocols should be explored in which patients

ould be referred for exercise ECG with only conditional
PECT myocardial perfusion imaging. Those individuals
eaching the target heart rate and �10 METs of workload
ithout ischemic ST-segment depression would not be

njected with tracer. Although the appearance of significant
T-segment depression solely during the recovery period
ould complicate this approach, such an occurrence is
nlikely. Very few patients achieving their target heart rate
ith high workloads show ST-segment depression only
uring recovery (23). Similarly, patients with an abnormal
lood pressure response or nonsustained ventricular tachy-
ardia might benefit from myocardial imaging despite

eaching a high workload. s
ost implications. Diagnostic imaging is the fastest grow-
ng cost for Medicare and has been targeted by the Office of
he Inspector General for a medical appropriateness assess-
ent (24,25). SPECT MPI makes up a substantial portion

f these costs, with an estimated $1.2 billion in allowed
harges on stress nuclear SPECT in 2006 alone. This repre-
ents a 10.5% increase from 2004. In this study, 31% (430 of
,396) of all patients referred for exercise SPECT myocardial
erfusion imaging over a 12-month period achieved �10
ETs of exercise workload without exercise ischemic ST-

egment depression. Assuming the mix of patients in this study
s roughly representative of the national referral pattern and
hese savings are projected to the more than 9.3 million
PECT studies performed each year, the cost savings could be
otentially quite substantial (2,26–28).
tudy limitations. One possible limitation is that the
ercentage of LV ischemia rather than hard clinical events
as used as the end point of the study. This might not be a
ajor limitation, because prognosis for patients with signif-

cant LV ischemia (�10% of the LV) has been well-
stablished. Similarly, the hard cardiac event rate for pa-
ients with normal exercise SPECT scans is very low
�1%/year). The prevalence of balanced ischemia due to left
ain and/or 3-vessel CAD yielding “normal” perfusion

cans should rarely occur in a cohort of patients achieving
85% of MAPHR and �10 METs of workload with no

schemic ST-segment depression.
The low rate of �10% LV ischemia limits the number of

ariables that can be tested in the multivariable logistic
egression model. Including too many predictors can lead to
odel over-fitting. Candidate variables were limited, and

nivariable logistic regression analysis was performed to
inimize this risk.

onclusions

his analysis suggests that the achievement of �10 METs
s associated with a very low prevalence of �10% LV
schemia on MPI. No patient achieving �85% of MAPHR
nd �10 METs without exercise ST-segment depression
ad this degree of ischemia by SPECT. This group repre-
ented 31% of all patients undergoing exercise stress
PECT over a 12-month period. Patients attaining 7 to 9
nd �7 METs had a progressively higher prevalence of
10% LV ischemia, despite reaching their target exercise

eart rate. By multivariable analysis, low exercise capacity
as associated with 10-fold increased odds of having �10%
V ischemia. These observations in a large consecutive

eries of patients referred for exercise SPECT imaging
uggest that additional risk stratification with MPI might be
liminated in individuals who achieve �85% of their max-
mum age-predicted heart rate and �10 METs without
schemic ST-segment depression. This would lead to sub-

tantial cost savings.
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