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Summary

Objectives: The aim of this study was to assess the diagnostic value of exercise stress testing to detect
coronary heart disease (CHD) in the group of patients with metabolic syndrome.
Design and methods: 2803 patients without prior diagnosis of CHD and identified metabolic syndrome

were investigated. Subjects underwent electrocardiogram (ECG) stress testing and, depending on the results,
coronary angiography and/or coronary computed tomography angiography to detect hemodynamically signifi-
cant stenosis. CHD was confirmed, if lumen narrowing > 50% of coronary arteries was found.

Results: Exercise stress testing was interpreted as positive in 12% patients (71.7% women and 28.3% men).
CHD was diagnosed in 45 patients (1.6%), 23 of them had positive exercise stress testing. ECG stress testing was
more frequently positive in patients, who had typical/atypical anginal chest pain, dyspnea and/or non-anginal
chest pain, in comparison to asymptomatic patients (16.6% vs 8.9%, p <0.001). CHD was more often diagnosed
in symptomatic patients compared to patients with no symptoms (6.1% vs 0.7%, p < 0.001, women 5.3% vs 0.6%,

p<0.001, men respectively 8% vs 0.8%, p <0.001).

Conclusions: Diagnostic value of exercise stress testing for detecting CHD is limited in population with
metabolic syndrome. CHD was more prevalent in patients with chest pain or dyspnea than in asymptomatic

patients.

Seminars in Cardiovascular Medicine 2015; 21:9-15

Keywords: coronary heart disease, electrocardiogram stress testing, metabolic syndrome

Introduction

Coronary heart disease (CHD) is a chronic ill-
ness with an increasing incidence in the general
population assuming epidemic proportions [1].
According to the World Health Organization
(WHO), there were 7.4 million deaths due to CHD
across the world in 2012 [2]. Despite efforts to
reduce CHD morbidity and mortality, the preva-
lence of metabolic syndrome (MS), a risk factor
for CHD, has been increasing in recent years as
well [3]. Metabolic syndrome is a cluster of obe-
sity, impaired glucose tolerance, high blood pres-

" Corresponding address: Dovile Petrikonyte, Faculty of
Medicine, Vilnius University, M.K. Ciurlionio str. 25, LT-03101
Vilnius, Lithuania.

E-mail: dowile.p@gmail.com (D. Petrikonyte).

DOI:10.2478/semcard-2015-0002

sure and dyslipidemia, which is associated with a
2-fold increase in the risk of developing CHD [4].
Consequently, early detection of CHD is of high
importance in preventing future cardiovascular
complications in patients with MS.

Patients identified as having an increased risk
of developing CHD wusually undergo an exer-
cise stress electrocardiogram (ECG). Despite well-
known limitations of ECG stress testing, such
as low sensitivity and specificity [5,6], high rate
of false-positive results [7], this method is still
widely used in screening and assisting the diagno-
sis of CHD [8,9]. ECG stress test is a non-invasive,
inexpensive tool, which is also beneficial for strat-
ifying prognosis in patients with suspected CHD
[10]. Beyond ST-segment depression and chest
pain occurrence during exercise [6], ECG stress
test provides other valuable diagnostic informa-
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tion, including exercise capacity, chronotropic
and blood pressure response, heart rate recov-
ery and the Duke Treadmill Score [9]. Moreover,
negative ECG stress test results allow patients to
avoid coronary angiography [11].

Although coronary angiography is a “gold
standard” test for patients, who have chest pain
and are at high CHD risk [12], it is an inva-
sive method [8]. Furthermore, coronary angiogra-
phy, performed because of straightforward angina
symptoms, may not always detect more hemody-
namically significant stenosis [13].

It is important to note that many patients
with prognostically significant CHD are asymp-
tomatic [14]. This finding encouraged to inves-
tigate, whether a routine cardiac screening for
CHD in asymptomatic patients is beneficial. Re-
cently, it was revealed that screening with stress
testing in asymptomatic, low-risk adults does not
improve patient outcomes and may also lead to
unnecessary tests [15]. However, there is limited
information on how screening with ECG stress
test improves CHD outcomes in subjects with MS.

The aim of this study was to evaluate exercise
stress testing diagnostic value to detect CHD in
patients with MS.

"

Design and methods

Study population

The study was retrospectively carried among
2803 patients - 1666 women at the age of 50-65
years and 1137 men at the age of 40-55 years
with MS and without the presence of cardio-
vascular disease (CVD). All patients were re-
cruited from the Lithuanian High Cardiovascu-
lar Risk (LitHiR) primary prevention programme
between 2011-2013 years at the Vilnius Uni-
versity Hospital SantariSkiy Klinikos [16]. Pa-
tients’ demographic and clinical data, symptoms
were retrospectively collected from their med-
ical records. All patients were assigned to two
groups: (1) patients with symptoms, such as dys-
pnea, non-anginal chest pain, typical angina and
atypical anginal chest pain and (2) asymptomatic
patients.

Exclusion criteria were: diagnosed CHD, neo-
plasms, kidney or liver failure, permanent ar-
rhythmias, drug-resistant tuberculosis, acute
rheumatic fever or rheumatic disease (acute
phase), pulmonary arterial hypertension (greater
than grade 2), decompensate heart disease, lym-
phatic vessels and lymph node diseases with ex-
pressed lymphostasis, advanced stage of mental
illness. Approval was obtained from the Lithua-
nian Bioethics Committee.

10

ECG stress testing

In 2803 subjects ECG stress testing was per-
formed - patients had to pedal a stationary ex-
ercise bicycle while the load was increased from
50 W by 50 W every 3 minutes until subjects
reached their submaximal workload (it is cal-
culated by formula: (220 - age) x 0.8 for men
and (210 - age) x 0.8 for women). During this
test ECG was monitored for any signs of is-
chemia, heart rate, blood pressure and symptoms
(angina/dyspnea) were recorded at regular inter-
vals throughout the exercise test.

Criteria to stop ECG stress testing included pa-
tient request, specific ECG changes (ST-segment
shifts, arrhythmias — third degree AV block, atrial
fibrillation, ventricular or supraventricular tachy-
cardia), moderate to severe dyspnea or angina
and abnormal blood pressure responses [17]. Is-
chemia was identified based on the ECG criteria:
horizontal or downsloping ST-segment elevation
or depression > 1 mm [18]. ST segment depres-
sion or elevation was measured relative to the
isoelectric baseline (between the T and P waves)
at a point 60-80 ms after the J point [19]. Accord-
ing to the level of ST-segment depression, results
of ECG exercise testing were divided into three
groups: positive (ST depression > 1 mm in at least
two leads), negative (ST depression was not ob-
served) and uncertain (0-1 mm ST depression).
If sub-maximal workload was not reached, ECG
stress testing was considered as non-informative.

After ECG exercise testing, depending on the
results, coronary angiography or coronary com-
puted tomography angiography (CCTA) were per-
formed in order to detect coronary heart disease
(CHD). It was considered if coronary angiogra-
phy or CCTA showed hemodynamically signifi-
cant stenosis (HSS) — narrowing > 50% of lumen
of coronary arteries.

Statistical methods

Statistical analysis was performed by SPSS soft-
ware for Windows (Version 17.0). Continuous
variables were presented as mean and categorical
variables as frequency and percentage. Compar-
isons between groups were performed using the
Pearson chi-square test or Fisher’s exact test for
categorical variables and the Mann-Whitney U-
test for continuous variables. Specificity, sensitiv-
ity and accuracy were analysed and Receiver Op-
erating Characteristic (ROC) curve analysis was
performed in order to evaluate predictive value
of ECG stress test. The area under the ROC curve
(AUC) was determined.
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Table 1.
Characteristics of the whole study group
Total Women Men p
(n=2803) (n=1666) (n=1137)
Mean + SD Mean + SD Mean =+ SD

Age (years) 53.86 £ 6.28 57.59 £4.33 48.37 +4.38 <0.001
Arterial hypertension (%) 95.1 95.8 94.2 0.065
Dyslipidemia (%) 99.7 99.7 99.8 0.708
Diabetes mellitus (%) 20.1 21.9 17.6 0.006
Obesity (BMI > 30 kg/m?) (%) 62.8 63.2 62.3 0.649
Current smokers (%) 24.6 14.2 39.8 <0.001
Family history (%) 30.8 33.1 27.7 0.004
Left ventricular hypertrophy (%) 64.8 71 58.4 <0.001
Waist circumference (cm) 105.5 +10.5 103.1 +10.4 108.9 +£9.7 <0.001
BMI (kg/m?) 31.8+6.9 32+4.7 31.5+4 <0.001
Total cholesterol (mmol/l) 6.50 +£1.42 6.65 +1.40 6.28 £1.41 <0.001
LDL-C (mmol/l) 4.224+1.21 4.414+1.20 393+1.16 <0.001
HDL-C (mmol/l) 1.20£0.29 1.29+£0.29 1.07 £0.25 <0.001
TG (mmol/l) 2.39+2.29 2.03+1.34 2.92+3.14 <0.001
Asymptomatic (%) 47.8 37.8 47.8 <0.001
Dyspnea (%) 13.9 18.8 6.8 <0.001
Typical anginal chest pain (%) 1.8 2 1.5 0.353
Atypical anginal chest pain (%) 5.6 7.5 2.8 <0.001
Non-anginal chest pain (%) 19.5 20.7 17.8 0.090

BMI - body mass index, LDL-C - low density lipoprotein cholesterol, HDL-C - high density lipoprotein cholesterol, TG -

triglycerides.
Results

Baseline characteristics

Subjects of the study were 1666 (59.4%) wo-
men (the mean age is 57.59 years, SD +4.33) and
1137 (40.6%) men (the mean age is 48.37 years,
SD +4.38) with MS and without the presence of
CHD. Patients with symptoms consisted of 1208
(43.2%) patients — 845 (70%) women and 363
(30%) men. Second group included 1104 patients
(47.8%) — 514 (46.6%) women and 590 (53.4%)
men. Detailed baseline characteristics are summa-
rized in Table 1.

ECG stress testing results

ECG stress testing was performed in 2803 pa-
tients — 1666 (59.4%) women and 1137 (40.6%)
men. Results were positive in 336 (12%) patients —
241 (71.7%) women and 95 (28.3%) men; uncer-
tain or negative in 2321 (82.8%) patients — 1362
(58.7%) women and 959 (41.3%) men (Fig. 1).

In 146 (5.2%) cases the sub-maximal workload
was not achieved and ECG exercise testing was
rated as non-informative. Main reasons to stop
the ECG exercise testing in those cases were leg
fatigue (51.4%). Coronary angiography after ECG
stress testing was performed in 56 (2%) patients
(64.3% patients after positive ECG stress testing
and 35.7% patients after negative or uncertain)
and 17 (30%) HSS were found. CCTA after ECG

Results of ECG stress testing

45% 52%  12%

M Positive
Negative
M Uncertain

= Non-informative

Figure 1. Results of electrocardiogram stress testing.

stress testing was accomplished in 143 (5.1%) pa-
tients (49% after positive ECG stress testing and
51% after negative or uncertain) and 30 (21%)
HSS were found. Results are summarized in Fig. 2.
Analysis of Receiver Operating Characteristic
(ROC) curves showed that the area under ROC
curve (AUC) was only 0.46 while determining
HSS by coronary angiography and 0.5 while de-
termining HSS by CCTA. These numbers show a
very low ECG exercise testing diagnostic value.
In this study HSS was found in 47 cases, how-
ever 2 patients underwent both coronary angiog-
raphy and CCTA, therefore CHD was diagnosed
only in 45 patients (1.6%) given that 23 (51.1%)
patients had positive ECG exercise testing.

11
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Figure 2. Results of electrocardiogram (ECG) stress testing, coronary angiography and coronary computed tomography angiog-
raphy. CCTA - coronary angiography and coronary computed tomography angiography; HSS — hemodinamically significant

stenosis.
Table 2.
The comparison of the prevalence of the positive ECG stress testing and CHD diagnosis in symptomatic and asymptomatic
patients
Positive Total (%) Women (%) Men (%)

1 group 2 group 1 group 2 group 1 group 2 group
ECG stress testing 16.6 8.9% 18.9 118 10.8 7
CHD diagnosis 6.1 0.7% 5.3 0.6% 8 0.8%

ECG - electrocardiogram; CHD - coronary heart disease; 1 group — symptomatic patients, 2 group — asymptomatic patients;

$p value <0.001.

ECG exercise testing and symptoms

ECG stress testing was more frequently posi-
tive in patients, who had typical/atypical angi-
nal chest pain, dyspnea and/or non-anginal chest
pain, in comparison with asymptomatic patients
(16.6% vs 8.9%, p <0.001, in women respectively
18.9% vs 11%, p < 0.001, in men respectively
10.8% vs 7%, p =0.05). CHD was more frequently
diagnosed in symptomatic patients compared to
patients without any symptoms (Tables 2 and 3).

After performing CCTA and coronary angiog-
raphy in patients with and without symptoms,
frequency of HSS was not statistically significant
comparing both groups.

Discussion

Our study has determined very low diagnostic
value of the ECG stress test for detecting CHD in
patients with MS. It is assumed that in general
about half of subjects with MS have a moder-
ately high or high risk of developing CHD [20].
Although, our study enrolled patients with MS
having only moderate to high CHD risk, screen-

12

ing with ECG stress test in these subjects appeared
to be limited. This may be explained in several
ways. First, the accuracy of ECG stress test, when
it is based only on the ST-segment changes, is
known to be limited [18]. Moreover, ECG stress
test is associated with high rate of false-positive
results, as mentioned below [7,15]. In addition,
ECG exercise testing is more often false-positive
in women compared to men because of the lower
presence of CVD in women population [21]. It
should be taken into account because most of the
participants in our study were women (59.4%).
Second, CHD prevalence in this population was
very low, and majority of patients did not have
typical anginal chest pain - that is the main rea-
son of limited ECG stress testing diagnostic value.

Nevertheless, there are several reports suggest-
ing ways for improving the predictive diagnostic
value of ECG stress test. Kohli and Gulati noted
that beside the ST-segment depression, there are
other parameters, such as exercise capacity, blood
pressure and chronotropic response, heart rate re-
covery and the Duke Treadmill Score, which in-
crease the diagnostic and prognostic value of ex-



Seminars in Cardiovascular Medicine, 2015; 21:9-15

e-ISSN 1822-7767

Table 3.
The prevalence of positive ECG stress test results and CHD depending on patient’s symptoms
Positive test and Total Women Men
CHD diagnosis (%) (%) (%)
Dyspnea + Dyspnea - Dyspnea + Dyspnea - Dyspnea + Dyspnea -
Positive ECG stress test 21.1 11.6% 21.2 14.7° 20.7 7.6"
CHD 6.5 3.1 5.5 3.1 10.8 3"
Typical Typical Typical Typical Typical Typical
anginal anginal anginal anginal anginal anginal
CP + CP - CP + CP - CP + CP -
Positive ECG stress test 43.6 12.4% 40.7 15.4% 50 7.9%
CHD 24.4 3.2% 22.2 3.2% 28.6 3.2
Atypical Atypical Atypical Atypical Atypical Atypical
anginal anginal anginal anginal anginal anginal
CP + CP - CP + CP - CP + CP -
Positive ECG stress test 30.1 11.98 323 14.6 20.8 8.1"
CHD 15.5 2.8% 13.7 2.7% 22.2 3%
Non-anginal Non-anginal Non-anginal Non-anginal Non-anginal Non-anginal
CP + CP - CP + CP - CP + CP -
Positive ECG stress test 13 12.9 15.5 16 8.8 8.4
CHD 6 3" 5.3 31 7.1 2.8%

ECG - electrocardiogram, CHD - coronary heart disease, CP —

ercise ECG, especially in women [22]. It is also
emphasized that exercise capacity alone provides
an additional prognostic information regarding
CHD in both men and women [9]. Furthermore,
Chang et al. have observed that coronary artery
calcium score improved long-term CHD risk strat-
ification beyond exercise stress test [23]. This
suggest that combining coronary artery calcium
score and ECG stress test may lead to a better di-
agnostic evaluation for CHD [24]. Another recent
study demonstrated that QT hysteresis (a phe-
nomenon when the QT interval adapts to heart
rate changes with a delay known as QT hysteresis
or QT lag) index enhances the diagnostic value
for CHD of ECG stress test, when they are com-
bined together [5].

A variety of other non-invasive tests are cur-
rently available to establish the diagnosis of CHD,
such as stress echocardiography, cardiac magnetic
resonance (CMR), single-photon emission com-
puted tomography (SPECT) or CCTA. Their diag-
nostic value was examined and compared to ECG
stress testing in several studies. It is confirmed
that stress echocardiography is superior to exer-
cise ECG test due to its higher accuracy [25-27].
However, Griinig et al. stated that stress echocar-
diography adds little diagnostic information to
ECG stress testing findings in unselected outpa-
tients and it should not replace ECG stress test in
cardiac screening [28]. Moreover, ECG stress test-
ing may be initial diagnostic method in patients

chest pain; "p value < 0.005, $p value <0.001.

with chest pain having normal baseline ECG and
functional capacity, whereas stress echocardiogra-
phy may be more preferred in cases with abnor-
mal baseline ECG and inability to exercise [29].
The diagnostic accuracy of SPECT has been also
recognized to be superior to that of ECG stress
testing (86.3% vs. 80.3%) [30], as well as the prog-
nostic value of CCTA [31,32]. The CT-COMPARE
study demonstrated the positive predictive value
of CCTA to be higher comparing it with exer-
cise ECG testing value in patients with acute
chest pain [33]. However, the latest PROMISE
study showed that an initial strategy of CCTA per-
forming in symptomatic patients instead of func-
tional testing was not associated with better clin-
ical CHD outcomes [34]. Another non-invasive
method, CMR stress perfusion imaging, was also
determined to have higher accuracy for the eval-
uation of significant coronary obstruction com-
pared to ECG stress testing [35]. Finally, it is of
interest that among patients, referred for chest
pain, cardiopulmonary exercise testing appeared
to be more specific than standard ECG stress test-
ing in predicting CHD outcome [36].

Our study has also investigated diagnostic
value of the ECG stress testing for CHD depend-
ing on the presence of symptoms in patients with
MS. The present study demonstrated that ECG
stress testing was more frequently positive for
patients with MS having typical/atypical angi-
nal chest pain, dyspnea and/or non-anginal chest

13
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pain in comparison with asymptomatic patients.
Our finding is consistent with the previous study,
which observed that typical angina is a strong
predictor for a positive ECG stress test result [37].
Moreover, it was admitted that the main condi-
tions of MS, such as impaired glucose tolerance,
dyslipidemia, obesity or inflammatory syndrome
have no significant influence on the ECG stress
testing results [37,38].

Although it is reported that asymptomatic
male patients with more than one CHD risk factor
may receive useful prognostic information from
ECG stress testing [18,39], our findings show that
after screening subjects with ECG stress testing,
who had MS, chest pain or dyspnea, CHD was di-
agnosed more frequently compared with asymp-
tomatic patients.

Conclusions

In conclusion, this study presented that the
diagnostic value of ECG stress testing for de-
tecting CHD is limited in population with MS.
Moreover, after exercise stress testing in patients
with MS, who had anginal and non-anginal chest
pain or dyspnea, CHD was more frequently di-
agnosed compared with asymptomatic patients.
These findings show the importance of symptoms
evaluation in MS patients before accomplishing
ECG stress testing and improving its value.

Acknowledgement

This research is funded by the European Social
ljund under the Global Grant measure (VP1-3.1-
SMM-07-K-03-041).

References

[1] Gaziano TA, Bitton A, Anand S, Abrahams-Gessel S, Mur-
phy A. Growing epidemic of coronary heart disease in
low- and middle-income countries. Curr Probl Cardiol
2010;35:72-115.

[2] WHO, The top 10 causes of death. WHO n.d. Avail-
able from: http://www.who.int/mediacentre/factsheets/
fs310/en/index2.html [accessed March 20, 2015].

[3] Wannamethee SG, Shaper AG, Lennon L, Morris RW.
Metabolic syndrome vs Framingham Risk Score for pre-
diction of coronary heart disease, stroke, and type 2 dia-
betes mellitus. Arch Intern Med 2005;165:2644-50.

[4] Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier
P, et al. The metabolic syndrome and cardiovascular risk:
a systematic review and meta-analysis. ] Am Coll Cardiol
2010;56:1113-32.

[S] Zhang Y, Bao M, Dai M, Zhong H, Li Y, Tan T. QT hys-
teresis index improves the power of treadmill exercise
test in the screening of coronary artery disease. Circ |
2014;78:2942-9.

14

[6] Dowsley T, Al-Mallah M, Ananthasubramaniam K,
Dwivedi G, McArdle B, Chow BJW. The role of non-
invasive imaging in coronary artery disease detection,
prognosis, and clinical decision making. Can | Cardiol
2013;29:285-96.

[7] Pasierski T, Szwed H, Malczewska B, Firek B, Kosmicki M,
Rewicki M, et al. Advantages of exercise echocardiogra-
phy in comparison to dobutamine echocardiography in
the diagnosis of coronary artery disease in hypertensive
subjects. ] Hum Hypertens 2001;15:805-9.

[8] Jian-ling S, Ying Z, Yu-lian G, Li-juan Xiong, Ji-hong G,
Xiao-ying L. Coronary heart disease diagnosis bases on
the change of different parts in treadmill exercise test
ECG. Cell Biochem Biophys 2013;67:969-75.

[9] Sharma K, Kohli P, Gulati M. An update on exercise stress
testing. Curr Probl Cardiol 2012;37:177-202.

[10] Mark DB, Hlatky MA, Harrell FE, Lee KL, Califf
RM, Pryor DB. Exercise treadmill score for predicting
prognosis in coronary artery disease. Ann Intern Med
1987;106:793-800.

[11] Banerjee A, Newman DR, Van den Bruel A, Heneghan C.
Diagnostic accuracy of exercise stress testing for coronary
artery disease: a systematic review and meta-analysis of
prospective studies. Int | Clin Pract 2012;66:477-92.

[12] Canpolat U, Ozer N. Noninvasive cardiac imaging for the
diagnosis of coronary artery disease in women. Anadolu
Kardiyol Derg 2014;14:741-6.

[13] Abdallah MS, Spertus JA, Nallamothu BK, Kennedy
KE Arnold SV, Chan PS. Symptoms and angiographic
findings of patients undergoing elective coronary an-
giography without prior stress testing. Am | Cardiol
2014;114:348-54.

[14] Lauer M, Froelicher ES, Williams M, Kligfield P. Exer-
cise testing in asymptomatic adults: a statement for pro-
fessionals from the American Heart Association Coun-
cil on Clinical Cardiology, Subcommittee on Exer-
cise, Cardiac Rehabilitation, and Prevention. Circulation
2005;112:771-6.

[15] Chou R. Cardiac screening with electrocardiography,
stress echocardiography, or myocardial perfusion imag-
ing: advice for high-value care from the American College
of Physicians. Ann Intern Med 2015;162:438-47.

[16] Laucevicius A, Rinktiniené E, Skorniakov V, Petrulioniené
Z, Kasiulevicius V, Jatuzis D, et al. High-risk profile in a
region with extremely elevated cardiovascular mortality.
Hellenic ] Cardiol 2013;54:441-7.

[17] Myers ], Arena R, Franklin B, Pina I, Kraus WE, McInnis K,
et al. Recommendations for clinical exercise laboratories
a scientific statement from the American Heart Associa-
tion. Circulation 2009;119:3144-61.

[18] Gibbons R]J, Balady GJ, Bricker JT, Chaitman BR, Fletcher
GF, Froelicher VE et al. ACC/AHA 2002 guideline up-
date for exercise testing: summary article: a report of the
American College of Cardiology/American Heart Asso-
ciation task force on practice guidelines (Committee to
Update the 1997 Exercise Testing Guidelines). ] Am Coll
Cardiol 2002;40:1531-40.

[19] Hill J, Timmis A. Exercise tolerance testing. BM]J
2002;324:1084-7.

[20] Hoang KC, Ghandehari H, Lopez VA, Barboza MG, Wong
ND. Global coronary heart disease risk Assessment of in-
dividuals with the metabolic syndrome in the U.S. Dia-
betes Care 2008;31:1405-9.

[21] Fihn SD, Gardin JM, Abrams ], Berra K, Blanken-
ship JC, Dallas AP, et al. 2012 ACCF/AHA/ACP/AATS/
PCNA/SCAI/STS Guideline for the diagnosis and man-
agement of patients with stable ischemic heart disease:
A report of the American College of Cardiology Foun-
dation/American Heart Association Task Force on Prac-



Seminars in Cardiovascular Medicine, 2015; 21:9-15

e-ISSN 1822-7767

tice Guidelines, and the American College of Physicians,
American Association for Thoracic Surgery, Preventive
Cardiovascular Nurses Association, Society for Cardio-
vascular Angiography and Interventions, and Society of
Thoracic Surgeons. Circulation 2012;126:e354-471.

[22] Kohli P, Gulati M. Exercise stress testing in women going
back to the basics. Circulation 2010;122:2570-80.

[23] Chang SM, Nabi E Xu J, Pratt CM, Mahmarian AC, Frias
ME, et al. Value of CACS compared with ETT and myocar-
dial perfusion imaging for predicting long-term cardiac
outcome in asymptomatic and symptomatic patients at
low risk for coronary disease. JACC Cardiovasc Imaging
2015;8:134-44.

[24] Shaw LJ. The exercise test is alive and well when coupled
with coronary calcium scoring. JACC Cardiovasc Imaging
2015;8:145-7.

[25] Sicari R, Nihoyannopoulos P, Evangelista A, Kasprzak ],
Lancellotti P, Poldermans D, et al. Stress echocardiogra-
phy expert consensus statement: European Association of
Echocardiography (EAE) (a registered branch of the ESC).
Eur ] Echocardiogr 2008;9:415-37.

[26] Albers AR, Krichavsky MZ, Balady GJ. Stress testing in pa-
tients with diabetes mellitus diagnostic and prognostic
value. Circulation 2006;113:583-92.

[27] Jang JY, Sohn IS, Kim JN, Park JH, Park CB, Jin ES,
et al. Treadmill exercise stress echocardiography in pa-
tients with no history of coronary artery disease: a
single-center experience in Korean population. Korean
Circ ] 2011;41:528-34.

[28] Griinig E, Mereles D, Benz A, Hansen A, Kiibler W,
Kuecherer H. Contribution of stress echocardiography to
clinical decision making in unselected ambulatory pa-
tients with known or suspected coronary artery disease.
Int ] Cardiol 2002;84:179-85.

[29] Southard J, Baker L, Schaefer S. In search of the false-
negative exercise treadmill testing evidence-based use of
exercise echocardiography. Clin Cardiol 2008;31:35-40.

[30] Gentile R, Vitarelli A, Schillaci O, Lagana B, Gianni C,
Rossi-Fanelli E et al. Diagnostic accuracy and prognostic
implications of stress testing for coronary artery disease
in the elderly. Ital Heart ] 2001;2:539-45.

[31] Maffei E, Palumbo A, Martini C, Cuttone A, Ugo F, Emil-
iano E, et al. Stress-ECG vs. CT coronary angiography for
the diagnosis of coronary artery disease: a “real-world”
experience. Radiol Med 2010;115:354-67.

[32] Pontone G, Andreini D, Bartorelli AL, Bertella E, Cortino-
vis S, Mushtaq S, et al. A long-term prognostic value of
CT angiography and exercise ECG in patients with sus-
pected CAD. JACC Cardiovasc Imaging 2013;6:641-50.

[33] Hamilton-Craig C, Fifoot A, Hansen M, Pincus M, Chan J,
Walters DL, et al. Diagnostic performance and cost of CT
angiography versus stress ECG — A randomized prospec-
tive study of suspected acute coronary syndrome chest
pain in the emergency department (CT-COMPARE). Int |
Cardiol 2014;177:867-73.

[34] Douglas PS, Hoffmann U, Patel MR, Mark DB, Al-Khalidi
HR, Cavanaugh B, et al. Outcomes of anatomical versus
functional testing for coronary artery disease. N Engl |
Med 2015;372:1291-300.

[35] Greulich S, Bruder O, Parker M, Schumm ], Griin S,
Schneider S, et al. Comparison of exercise electrocardio-
graphy and stress perfusion CMR for the detection of
coronary artery disease in women. J Cardiovasc Magn Re-
son 2012;14:36.

[36] Belardinelli R, Lacalaprice F, Tiano L, Mugai A, Perna GP.
Cardiopulmonary exercise testing is more accurate than
ECG-stress testing in diagnosing myocardial ischemia in
subjects with chest pain. Int ] Cardiol 2014;174:337-42.

[37] Mitu O, Roca M, Leon MM, Mitu F. Predictive value of a
positive exercise stress testing and correlations with car-
diovascular risk factors. Rev Med Chir Soc Med Nat lasi
2014;118:57-62.

[38] Wackers FJT, Young LH, Inzucchi SE, Chyun DA, Davey
JA, Barrett EJ, et al. Detection of silent myocardial is-
chemia in asymptomatic diabetic subjects: the DIAD
study. Diabetes Care 2004;27:1954-61.

[39] Balady GJ, Larson MG, Vasan RS, Leip EP, O’'Donnell CJ,
Levy D. Usefulness of exercise testing in the prediction
of coronary disease risk among asymptomatic persons
as a function of the Framingham risk score. Circulation
2004;110:1920-5.

15



