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Exercise electrocardiography (EXECG) is widely employed to assess patients for coro-
nary artery disease but it has limited diagnostic accuracy. Many patients with positive
(ischemic) tests based on exercise-induced ST depression undergo secondary evaluation
by noninvasive stress imaging. We hypothesized that high functional capacity in patients
with positive EXECG could predict: (1) negative results in secondary evaluation by exer-
cise echocardiography (ESE) or myocardial perfusion scintigraphy (MPS) and (2) low
mortality on late follow-up. We evaluated 511 consecutive patients (312 men, 199
women; age 51 + 9 years) referred for ESE or MPS after an ischemic EXECG at a tread-
mill workload of >10 metabolic equivalents. All-cause mortality was also obtained. Of
511 patients, 401 underwent ESE and 110 had MPS for secondary study. ESE was nega-
tive in 94% (376 of 401) and positive in 6% (25 of 401). MPS was also negative in 94%
(103 of 110) and positive in 6% (7 of 110). Total stress imaging results were negative in
92% (286 of 312) of men and 97 % (193 of 199) of women. During follow-up of approxi-
mately 6 years, there were 3 deaths with total all-cause mortality of 0.6% and average
annual mortality of 0.1%. In conclusion, high functional capacity in patients with an
ischemic EXECG predicts a negative ESE or MPS in a large majority of patients and
very favorable late survival in both men and women. These results suggest that patients
with ischemic EXECGs and a workload of >10 metabolic equivalents during EXECG

may not require additional noninvasive or invasive evaluation.
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Exercise electrocardiography (EXECG) is widely used to
evaluate individuals with coronary artery disease (CAD) or
its symptoms.'” However, it has limited accuracy when its
results are interpreted solely on the basis of the ST-segment
response.'~ Thus, many patients with positive results by this
criterion undergo further evaluation by stress imaging
modalities. Negative results with stress imaging are associ-
ated with a low frequency of obstructive CAD and excellent
prognosis which may obviate need for further testing.*”'"
In non-ECG variables used to enhance the utility of
EXECG, functional capacity is one of the strongest predictors
of prognosis." ™'~ Previous studies on functional capacity
focused on populations with high funct10nal capacity rather
than those with ischemic ECG changes.'®>' In our previous
study, we reported that excellent functional capacity in
patients with an ischemic EXECG was associated with a
high rate of negative results on subsequent exercise
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echocardiography (ESE).”” That study had important limita-
tions, including a small patient cohort, and did not include
follow-up testing by myocardial perfusion scintigraphy
(MPS). In the current investigation, we included a large group
of patients in whom secondary evaluation included ESE or
MPS to further test our hypothesis that high functional capac-
ity in patients with an ischemic EXECG predicts a negative
stress imaging result and low subsequent mortality.

Methods

We reviewed our treadmill, echocardiographic, and nuclear
cardiology databases to identify all consecutive patients
referred for either ESE or MPS after a positive (ischemic)
EXECG during which they achieved a workload of at least
10 metabolic equivalents (METs) at the University of Cali-
fornia, Davis, Medical Center from November 1995 and
August 2007. We chose a threshold of >10 METs as evi-
dence of excellent functional capacity on the basis of previ-
ous studies that demonstrated a low risk for subsequent
cardiac events or death in patlents who achieved this level
of exercise intensity.' '

Most of our patients were referred for evaluation of chest
pain. Other indications included exertional dyspnea or pre-
operative risk stratification. All patients had normal base-
line 12-lead electrocardiograms. Patients were excluded if
they had (1) history of CAD on previous noninvasive
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testing or invasive coronary angiography, (2) history of
myocardial infarction, and (3) ST-T abnormalities on rest-
ing ECG. Patient information, including demographics and
CAD risk factors (diabetes, hypertension, smoking, dyslipi-
demia, and family history of premature CAD), was obtained
from the electronic medical record and/or directly from the
patient.

Initial EXECG was conducted according to the Bruce
protocol and was symptom-limited. The procedure com-
prised 12-lead electrocardiography at rest, continuous ECG
monitoring throughout the test, recordings during each
3-minute stage and during 3 to 6 minutes of recovery or
later until return of original resting values. Brachial artery
blood pressure was measured by sphygmomanometry at
baseline, each minute of the stress protocol, and during
recovery. The test was terminated if patients reported limit-
ing symptoms such as dyspnea, fatigue, chest pain, or for
systolic blood pressure >220 mm Hg or a decrease of
>10 mm Hg in systolic blood pressure, >2.5 mm ST-seg-
ment depression, sustained supraventricular arrhythmia, or
>3 consecutive ventricular ectopic complexes at a rate of
>100/min. A positive (ischemic) result was defined as
>1.0 mm horizontal or downsloping ST-segment depres-
sion for 60 to 80 ms after the J point.

The Duke treadmill score, an integrated approach to
evaluating exercise treadmill test performance and predic-
tion of cardiovascular risk and mortality, was calculated for
all patients.'®'” Patients were identified as low, intermedi-
ate, and high risk based on this score, which has correlated
with a 5 year mortality risk of 3%, 10%, and 35%,
respectively.' !’

ESE was performed according to the Bruce protocol
and was symptom limited as described above and
included rest echocardiography before EXECG and
immediate postexercise acquisition of echocardiographic
images. Complete postexercise echocardiography was
acquired <90 seconds after termination of exercise. Rest
and exercise images were displayed in standard quad-
screen format for comparison of left ventricular wall
motion in parasternal (long- and short-axis) and apical
(2- and 4-chamber) views. All ESE included in the study
were of diagnostic quality. Positive ESE was defined as
>1 new exercise-induced left ventricular regional wall
motion abnormalities.

Myocardial stress perfusion scintigraphy was per-
formed with ECG-gated single photon emission com-
puted tomography. Exercise MPS was performed with
concurrent ECG monitoring. The isotope was Techne-
tium-99m sestamibi. Rest scintigraphy was acquired,
after which patients performed maximal treadmill testing
(Bruce protocol as described above) and the isotope was
injected at peak exercise. Polar and 3-dimensional quan-
titative images of the left ventricle were acquired. A
study was considered positive if the stress image(s) dem-
onstrated a new reversible perfusion defect(s) compared
with the rest image.

All-cause mortality was determined from the electronic
medical record and/or Social Security Administration Death
Index. The Institutional Review Board of the University of
California, Davis, approved this study.

Results

The study cohort comprised 511 consecutive patients
including approximately 40% women (Table 1). Patient
ages ranged from mid-thirties to almost 70 years old. Two
or more CAD risk factors were present in 40% of patients.
The mean exercise-induced ST segment depression for the
study group was 1.5 &+ 0.5 mm and over 30% of patients
had >2 mm of ST depression on their EXECG. Over three-
quarters had medium risk Duke treadmill scores (DTS).
Average exercise capacity of the 511 patients was 11.7
METs, reflecting >3 full stages of the Bruce treadmill pro-
tocol. All patients had either ESE or MPS within 90 days
after the initial positive EXECG and had no clinical cardiac
events during the intervening interval.

Of the total study group, 401 (78%) underwent subse-
quent ESE and 110 (22%) patients had MPS. Of the patients
who underwent ESE, 94% had a negative result, and of
those who had MPS, 94% were also negative (Figure 1).
Stress imaging tests were negative in 92% of men (286 of
312) and in 97% of women (193 of 199) (Figure 2).

Follow-up information regarding mortality was obtained
in 100% of patients. The mean follow-up interval was 5.9 £
3.3 years and the longest period was 12.4 years. There were
3 deaths (3 of 511) during the follow-up period for total
all-cause mortality of 0.6% and average annual mortality of
0.1%.

Discussion

Our findings reveal that a high functional capacity in
patients with a positive (ischemic) EXECG is associated
with negative follow-up stress imaging results and excel-
lent long-term survival. These findings suggest that further
cardiac testing may not be mandatory for most such indi-
viduals. Our findings extend previous studies by providing
data on either ESE or MPS. Although others have shown
favorable prognosis with good functional capacity, very
few have done so in patients with exercise-induced ische-
mia in a study of adequate size and follow up. Previous
reports typically included a smaller cohort of patients with

Table 1
Baseline patient characteristics

Characteristic All subjects (n=511)
Age (years [mean =+ SD]J) 51+9
Men 312 (61%)
Women 199 (39%)
Number of atherosclerotic risk factors

0 136 (26.6%)

1 171 (33.5%)

>2 204 (39.9%)
Diabetes mellitus 44 (8.6%)
Exercise capacity, METs (mean £ SD) 11.7+1.9

Low risk DTS 115 (22.5%)
Intermediate risk DTS 395 (77.3%)
High risk DTS 1 (0.2%)

Mean ST segment deviation (mm =+ SD) 1.51 £0.54

DTS = Duke treadmill score; ETT = exercise treadmill test; METs = meta-
bolic equivalents.
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Figure 1. Imaging stress test results. ETT = exercise treadmill test (electrocardiography); ESE = exercise stress echocardiography; MPS = myocardial stress

perfusion scintigraphy.
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Figure 2. Imaging stress test results by sex. ETT = exercise treadmill test (electrocardiography); ESE = exercise stress echocardiography; MPS = myocardial

stress perfusion scintigraphy.

high workloads associated with a positive (ischemic)
ExXECG.?"?*?* Duration of follow-up for our patients was
umque with an average follow-up of almost 6.0 years and
a maximum >12 years which, to our knowledge is the
longest reported in studies of this type.””*"** Our study
group includes patients of a wide age range, extending
from mid-thirties to almost 70 years. Importantly, women
who achieved a peak of >10 METs exercise intensity com-
prised nearly 40% of our patients, a substantially greater
proportion than previously reported, which supAports the
applicability of our findings to women.?" Almost
40% of patients had >2 cardiac risk factors and over
three-quarters had medium risk Duke treadmill scores.
Functional capacity is an established, independent pre-
dictor of prognosis for cardiovascular events and death
even in patients with type II diabetes.”'*'*** The Coronary
Artery Surgery Study demonstrated that excellent exercise
capacity (>10 METs) was associated with less benefit from
bypass surgery than in those with lower functional capac-
ity.”>?” Other studies have shown that lower functional
capacity is associated with increased risk for myocardial
1nfarct10n unstable angina, and coronary revasculariza-
tion.” More recently, Bourque et al showed that a high
workload (=10 METs) predicted a low rate of inducible
ischemia on myocardial perfusion scintigraphy °° but the
study comprised only 43 patients with high workloads and

ischemic EXECG. In another recent report it was shown
that high treadmill workload correlated with a favorable
prognosis, although patients with ischemic ST depression
were not the focus of their study.”' In addition to the afore-
mentioned limitations, previous investigations may have
had surrogate end points and some did not include further
risk stratification tests of patients with ischemic treadmill
tests. Many also did not perform separate analyses of out-
comes in men and women “*** or did not report the Duke
treadmill score.””*"** Those studies that did employ fur-
ther testing to risk stratify such patients reported only ESE
or MPS.”"*

Our findings extend current understanding of the prog-
nostic utility of EXECG even in patients with exercise-
induced evidence of myocardial ischemia. These results
reflect the low positive predictive value of EXECG when
interpreted by ST changes alone compared with imaging
stress tests.”® Notably, outcomes were favorable even in the
sizable minority of our patients (over 30%) who developed
over 2 mm of exercise-induced ST depression, a finding
that has been reported in only one study ** in addition to
our previous report. > Our results further develop the find-
ings of our previous study’” and are unique in including
either ESE or MPS for secondary evaluation. We also have
extended previous studies that addressed the prognostic
value of treadmill exercise capacity.™
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Approximately 94% of our population who achieved
treadmill workloads of >10 METSs had negative subsequent
noninvasive cardiac stress imaging. Those patients who had
an intermediate risk Duke treadmill score (DTS) comprised
a sizable majority (>77%) of our study cohort population.
An intermediate risk DTS has suggested an average 5 year
cardiac mortality of 10% in previous studies yet our
patients had an overall mortality rate of only 0.6% (3 of
511) during almost 6 years of follow-up.'®'” These findings
suggest that the DTS overestimates risk in patients who
achieve high exercise workloads. The DTS was derived
several decades ago previous to contemporary advances in
prevention and treatment for CAD. In the current era,
patients with a DTS indicating intermediate risk including
ischemic ECG changes who achieve high exercise work-
loads may have an excellent prognosis and may not require
further cardiac evaluation. Importantly, these findings
applied not only to women and men but also elderly
patients >65 years old.

This study has certain limitations. It is a retrospective
investigation with the inherent limitations of that method.
However, the study group is relatively large, the age range
is wide, follow-up duration is the longest in this type of
investigation, the proportion of women is substantial, and
almost 40% of patients had multiple cardiac risk factors.
The study cohort is representative of patients frequently
referred for cardiac stress imaging. Additionally, although
we have no data regarding cause of death and adverse
cardiovascular events, all-cause mortality is a critical end
point. Finally, negative stress imaging results, as in our
patients, have been associated with a very low frequency of
cardiovascular events in multiple studies.” %7

In conclusion, high functional capacity in patients with an
ischemic treadmill testing predicts a negative subsequent ESE
or MPS in a very large majority of patients and excellent late
survival in both men and women. Thus, these patients may
not require further noninvasive or invasive evaluation.

Disclosures

The authors have nothing to disclose.

1. Gibbons RJ, Balady GJ, Bricker JT, Chaitman BR, Fletcher GF, Froe-
licher VF, Mark DB, McCallister BD, Mooss AN, O’Reilly MG, Win-
ters WL, Gibbons RJ, Antman EM, Alpert JS, Faxon DP, Fuster V,
Gregoratos G, Hiratzka LF, Jacobs AK, Russell RO, Smith SC, Ameri-
can College of Cardiology/American Heart Association Task Force on
Practice Guidelines. Committee to Update the 1997 Exercise Testing
Guidelines. ACC/AHA 2002 guideline update for exercise testing:
summary article. A report of the American College of Cardiology/
American Heart Association task force on practice guidelines (Com-
mittee to Update the 1997 Exercise Testing Guidelines). J Am Coll
Cardiol 2002;40:1531-1540.

2. Peterson PN, Magid DJ, Ross C, Ho PM, Rumsfeld JS, Lauer MS,
Lyons EE, Smith SS, Masoudi FA. Association of exercise capacity on
treadmill with future cardiac events in patients referred for exercise
testing. Arch Intern Med 2008;168:174—-179.

3. Fowler-Brown A, Pignone M, Pletcher M, Tice JA, Sutton SF, Lohr
KN, U.S. Preventive Services Task Force. Exercise tolerance testing to
screen for coronary heart disease: a systematic review for the technical
support for the U.S. Preventive Services Task Force. Ann Intern Med
2004;140:W9-W24.

4. Crouse LJ, Harbrecht JJ, Vacek JL, Rosamond TL, Kramer PH. Exercise
echocardiography as a screening test for coronary artery disease and cor-
relation with coronary arteriography. Am J Cardiol 1991;67:1213-1218.

5. Krivokapich J, Child JS, Walter DO, Garfinkel A. Prognostic value of
dobutamine stress echocardiography in predicting cardiac events in
patients with known or suspected coronary artery disease. J Am Coll
Cardiol 1999;33:708-716.

6. Sawada SG, Ryan T, Conley MJ, Corya BC, Feigenbaum H, Arm-
strong WF. Prognostic value of a normal exercise echocardiogram. Am
Heart J 1990;120:49-55.

7. Yao SS, Qureshi E, Sherrid MV, Chaudhry FA. Practical applications
in stress echocardiography: risk stratification and prognosis in patients
with known or suspected ischemic heart disease. J Am Coll Cardiol
2003;42:1084-1090.

8. Mabhenthiran J, Bangalore S, Yao S-S, Chaudhry FA. Comparison of
prognostic value of stress echocardiography versus stress electrocardi-
ography in patients with suspected coronary artery disease. Am J Car-
diol 2005;96:628-634.

9. Al-Mallah M, Alqaisi F, Arafeh A, Lakhdar R, Al-tamsheh R, Anan-
thasubramaniam K. Long term favorable prognostic value of negative
treadmill echocardiogram in the setting of abnormal treadmill electro-
cardiogram: a 95 month median duration follow-up study. J Am Soc
Echocardiogr 2008;21:1018-1022.

10. Sabharwal NK, Lahiri A. Role of myocardial perfusion imaging for
risk stratification in suspected or known coronary artery disease. Heart
2003;89:1291-1297.

11. Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE.
Exercise capacity and mortality among men referred for exercise test-
ing. N Engl J Med 2002;346:793-801.

12. Gulati M, Pandey DK, Arnsdorf MF, Lauderdale DS, Thisted RA,
Wicklund RH, Al-Hani AJ, Black HR. Exercise capacity and the risk
of death in women: the St James women take heart project. Circulation
2003;108:1554-1559.

13. Kokkinos P, Myers J, Nylen E, Panagiotakos DB, Manolis A, Pittaras
A, Blackman MR, Jacob-Issac R, Faselis C, Abella J, Singh S. Exer-
cise capacity and all-cause mortality in African American and Cauca-
sian men with type 2 diabetes. Diabetes Care 2009;32:623-628.

14. Messinger-Rapport B, Snader CEP, Blackstone EH, Yu D, Lauer MS.
Value of exercise capacity and heart rate recovery in older people. J
Am Geriatr Soc 2003;51:63-68.

15. Snader CE, Marwick TH, Pashkow FJ, Harvey SA, Thomas JD, Lauer
MS. Importance of estimated functional capacity as a predictor of all-
cause mortality among patients referred for exercise thallium single-
photon emission computed tomography: report of 3,400 patients from
a single center. J Am Coll Cardiol 1997;30:641-648.

16. Mark DB, Shaw L, Harrell FE, Hlatky MA, Lee KL, Bengtson JR,
McCants CB, Califf RM, Pryor DB. Prognostic value of a treadmill
exercise score in outpatients with suspected coronary artery disease.
N Engl J Med 1991;325:849-853.

17. Shaw LJ, Peterson ED, Shaw LK, Kesler KL, DeLong ER, Harrell
FE, Muhlbaier LH, Mark DB. Use of a prognostic treadmill score in
identifying diagnostic coronary disease subgroups. Circulation
1998:98:1622-1630.

18. Padala SK, Ghatak A, Padala S, Katten DM, Polk DM, Heller GV.
Cardiovascular risk stratification in diabetic patients following stress
single-photon emission-computed tomography myocardial perfusion
imaging: the impact of achieved exercise level. J Nucl Cardiol
2014;21:1132-1143.

19. Bourque JM, Charlton GT, Holland BH, Belyea CM, Watson DD,
Beller GA. Prognosis in patients achieving >10 METS on exercise
stress testing: was SPECT imaging useful? J Nucl Cardiol
2011;18:230-237.

20. Bourque JM, Holland BH, Watson DD, Beller GA. Achieving an exer-
cise workload of >10 metabolic equivalents predicts a very low risk of
inducible ischemia. J Am Coll Cardiol 2009;54:538-545.

21. Fine NM, Pellikka PA, Scott CG, Gharacholou SM, McCully RB.
Characteristics and outcomes of patients who achieve high workload
(=10 metabolic equivalents) during treadmill exercise echocardiogra-
phy. Mayo Clin Proc 2013;88:1408-1419.

22. Bhat A, Desai A, Amsterdam EA. Usefulness of high functional capac-
ity in patients with exercise-induced ST-depression to predict a nega-
tive result on exercise echocardiography and low prognostic risk. Am J
Cardiol 2008;101:1541-1543.

23. LaMonte MJ, FitzGerald SJ, Levine BD, Church TS, Kampert JB,
Nichaman MZ, Gibbons LW, Blair SN. Coronary artery calcium, exer-
cise tolerance, and CHD events in asymptomatic men. Atherosclerosis
2006;189:157-162.


http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0023
www.ajconline.org

24.

25.

26.

27.

28.

Coronary Artery Disease/Excellent Functional Capacity 665

Thompson CA, Jabbour S, Goldberg RJ, McClean RY, Bilchik BZ,
Blatt CM, Ravid S, Graboys TB. Exercise performance-based outcomes
of medically treated patients with coronary artery disease and profound
ST segment depression. J Am Coll Cardiol 2000;36:2140-2145.
McCully RB, Roger VL, Mahoney DW, Karon BL, Oh JK, Miller FA,
Seward JB, Pellikka PA. Outcome after normal exercise echocardiog-
raphy and predictors of subsequent cardiac events: follow-up of 1,325
patients. J Am Coll Cardiol 1998;31:144-149.

Weiner DA, Ryan TJ, McCabe CH, Chaitman BR, Sheffield LT, Fisher
LD, Tristani F. The role of exercise testing in identifying patients with
improved survival after coronary artery bypass surgery. J Am Coll
Cardiol 1986;8:741-748.

Weiner DA, Ryan TJ, Parsons L, Fisher LD, Chaitman BR, Sheffield
LT, Tristani FE. Long-term prognostic value of exercise testing in
men and women from the Coronary Artery Surgery Study (CASS) reg-
istry. Am J Cardiol 1995;75:865-870.

Fihn SD, Gardin JM, Abrams J, Berra K, Blankenship JC, Dallas
AP, Douglas PS, Foody JM, Gerber TC, Hinderliter AL, King SB,

29.

Kligfield PD, Krumholz HM, Kwong RYK, Lim MJ, Linderbaum
JA, Mack MJ, Munger MA, Prager RL, Sabik JF, Shaw LJ, Sik-
kema JD, Smith CR, Smith SC, Spertus JA, Williams SV, Ander-
son JL, American College of Cardiology Foundation/American
Heart Association Task Force. 2012 ACCF/AHA/ACP/AATS/
PCNA/SCAI/STS guideline for the diagnosis and management of
patients with stable ischemic heart disease: a report of the Ameri-
can College of Cardiology Foundation/American Heart Associa-
tion task force on practice guidelines, and the American College
of Physicians, American Association for Thoracic Surgery, Pre-
ventive Cardiovascular Nurses Association, Society for Cardio-
vascular Angiography and Interventions, and Society of Thoracic
Surgeons. Circulation 2012;126:e354—e471.

Hachamovitch R, Hayes S, Friedman JD, Cohen I, Shaw LJ, Ger-
mano G, Berman DS. Determinants of risk and its temporal varia-
tion in patients with normal stress myocardial perfusion scans:
what is the warranty period of a normal scan? J Am Coll Cardiol
2003;41:1329-1340.


http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30645-9/sbref0029

	Usefulness of Excellent Functional Capacity in Men and Women With Ischemic Exercise Electrocardiography to Predict a Negative Stress Imaging Test and Very Low Late Mortality
	Methods
	Results
	Discussion
	Disclosures


