Orriginal Article

Cardiol Res * 2013;4(4-5):152-158

Comparison of 5-Year Outcomes for Patients With Coronary
Artery Disease in Groups With and Without Revascularization
With Different Results of Stress Echocardiography
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Abstract

Background: There is conflicting data in contemporary literature
concerning the best way to treat patients with stable coronary artery
disease; specifically, whether medical treatment alone or invasive
strategies combined with medical treatment are better. The purpose
of this study was to evaluate the clinical outcomes of patients with
and without revascularization after stress echocardiography and to
create formulas for detecting patients with a very high risk of car-
diac death/major adverse cardiac event (MACE) in their present
conditions.

Methods: We assessed 323 patients (53.9 + 8.4 years, 247 men),
undergoing upright bicycle stress echocardiography in 2006 - 2007.
During a median follow-up of 5.2 + 0.2 years, 21 cardiovascular
and 5 confirmed non-cardiac deaths occurred. Eighty-three patients
underwent revascularization.

Results: Stress echocardiography was normal in 32% and abnor-
mal in 68%. All the patients with CAD were prescribed acetylsali-
cylic acid, statins, beta-blockers and ACE inhibitors. Eighty-seven
percents of the patients took medication regularly. The percentage
taking medication didn’t significantly differ in the subgroups. Two
formulas were created for detecting a very high risk of cardiac
death (25%) or MACE (68%) within 5 years. All the patients with
abnormal stress tests were divided into two subgroups: 80 patients
with revascularization and 138 subjects without revascularization.
There was a significant difference in 5 year cardiac mortality if the
patients had an index of wall motion abnormality (IWMA) after
exercise greater than or equal to 1.3.

Conclusion: It is possible to identify during stress echocardiog-
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raphy subjects with a very high risk for cardiac death/ MACE. Pa-
tients with IWMA > 1.3 had improved outcomes following revas-
cularization.
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Introduction

Recent decades have been marked by an intensive develop-
ment of pharmacologic treatment for coronary artery disease
that has had an improving effect on the survival of patients
with a stable form of the disease. The previous proofs of the
superiority of mechanical revascularization with definitive
anatomical or functional patient features date back were
from the eighties and early nineties [1-3]. This has been chal-
lenged in new investigations [4]. Some modern researchers
question the benefits of revascularization in stable coronary
artery disease when patients are prescribed other powerful
medical treatment.

The aim of our study was to analyze the 5 year outcomes
of consecutive patients with stable coronary artery disease,
who underwent stress echocardiography as a risk stratifica-
tion tool, depending on the subsequent strategy, and to cre-
ate formulas for detecting patients with a very high risk of
cardiac death/major adverse cardiac events (MACE) in their
present conditions.

Methods

This is a retrospective analysis of a prospectively collected,
single-center database of 580 consecutive patients who un-
derwent a bicycle exercise echocardiography from the period
of May 2006 to February 2007. Data for 323 patients were
available for analysis (53.9 + 8.4 year, 247 men). One hun-
dred and seventy-two patients had typical angina (53%), 159
subjects had a previous myocardial infarction (49%). Two
hundred and three persons had arterial hypertension (63%).
Diabetes was present in 58 patients (18%).
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Figure 1. Cardiac death in the subgroups. *: difference between patients with a moder-
ate-severe test and subjects with a mild abnormal test, **: difference between patients
with a moderate severe test and a normal test.

Exercise echocardiography

The main reasons for undergoing stress echocardiography
were diagnosis and risk stratification for patients with known
or suspected coronary artery disease. All the patients under-
went the upright bicycle submaximal exercise test. Patients
were imaged in the left lateral decubitus position before the
cycle test using Sonoline G 60S (Siemens Medical Solutions,
Japan). Images were obtained in the four- and two-chamber
apical views, and the long- and short-axis parasternal views.
The initial power output was 50 W, followed by increases of
25 W every 2 min until standard end points were reached [5].
ECG and arterial pressure monitoring were used during the
test. The post-stress images, analogous to those at rest, were
obtained as soon as possible after stopping the exercise, and
did not occur later than 90 seconds. The images at rest and
during stress were compared side by side in a cineloop dis-
play. Regional left ventricular function was assessed using
a standardized 17-segment model [6] by two expert readers
in 2006 - 2007 immediately after the tests. Each segment
was graded on a four-point scale, with wall motion scoring
1-4 (normal wall motion scoring - 1, hypokinetic - 2, aki-
netic - 3, and dyskinetic - 4). Index of wall motion abnormal-
ity IWMA) was calculated at rest and post-exercise as the
sum of the scores divided by the number of segments. The
changes in IWMA (dIWMA) from rest to post exercise were
calculated. Patients with poor imaging were not excluded.
The abnormal test was defined as when there were wall mo-
tion abnormalities before and/or after the exercise. The posi-
tive ischemical test was defined when there was an observed
worsening of wall motion abnormalities, namely dIWMA>
0.
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Medical treatment

Coronary artery disease was diagnosed in 255 patients (79%)
by clinical and/or exercise test data. They are all were pre-
scribed beta-blockers, acetyl salicylic acid, statins, and ACE
inhibitors. All the patients were encouraged to regularly take
the medication in proper doses as was recommended by the
current Guidelines [7-8].

Follow-up and end-points

A review of the patients and their relatives were obtained
by telephone or during visits to the clinic using medical re-
cords and death certificates in 2011 - 2012. The end-points
were cardiac death and MACE. Cardiac death was defined
as death due to acute myocardial infarction, congestive
heart failure or arrhythmias. Unexpected and otherwise un-
explained sudden death was also considered to be a cardiac
death. Myocardial infarction was defined by accompanying
medical documents.

The patients were divided into two subgroups: Subgroup
1 - with revascularization, percutaneous coronary interven-
tion or coronary artery bypass graft surgery, Subgroup 2 -
without revascularization.

Statistics

Continuous variables were described by means and standard
deviations with categorical data being expressed by percent-
ages. For multiple comparisons ANOVA was performed.
Comparison of proportions was performed with the Pearson
Chi-square test and Fisher’s exact tests. Multivariate tech-

www.cardiologyres.org 153



Geriatric Trauma Patients

Cardiol Res « 2013;4(4-5):152-158

L
218 abnormal test

©7%)

1
(105 normal test (3399

e

n5(3'9°/@ =

93 (29‘;/0) mild

" 7ptswith MACE |
moderate-severe test abnormal test (6.699
(IWMA?L.7) (I>IWMA<L7)
o
77 pts with MACE 27 pts with MACE
(62%6) — p<0.000001*; (29%%)

p<0.0000001+*

Figure 2. MACE in the subgroups. *: difference between patients with a moderate-severe test and
subjects with a mild abnormal test, **: difference between patients with a moderate severe test and

a normal test.

niques (Classification Trees) were used for creating formu-
las to detect the high risk group. The following categorical
and continuous data were accounted for in the multivariate
analysis: age, height, weight, presence of arterial hyperten-
sion, functional class of angina, the fact of previous myocar-
dial infarction and presence of diabetes; maximal physical
capacity, maximal heart rate, and maximal blood pressure
during exercise test, reason for stopping the exercise test,
presence of significant ST depression and fact of angina dur-
ing stress test; presence of wall motion abnormalities in the
left descending artery, left circumflex coronary artery and
right coronary artery territories before and after the exercise,
IWMA, dIWMA, the presence of ischemia during exercise
by echo, the fact of an abnormal test and regularity of medi-
cal treatment. The best discriminators were chosen for a high
risk group, and two formulas were created for predicting car-
diac death and MACE. Statistical package version 8.0 (Sta-
tistica; Stat Soft Inc., Tulsa, Oklahoma, USA) was used for
statistical analysis.

Results
Follow-up and end-points

The follow-up was 5.2 + 0.2 years. During follow-up 21 car-
diac and 5 confirmed non-cardiac deaths occurred. Twenty
cardiac deaths were confirmed by autopsy and 1 death was
for causes unknown owing to the absence of relatives and a
death certificate. This case was classified as cardiac without
proof to the contrary. There were one hundred and eight pa-
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tients with MACE: 21 cardiac deaths, 27 nonfatal myocar-
dial infarctions and 83 patients underwent revascularization
(46 coronary artery bypass grafting, 33 percutaneous coro-
nary interventions, and 4 had both procedures performed).

CAD group

There was 7.8% cardiac mortality within 5 years in the group
with coronary artery disease, 14.2% cardiac death and/or
myocardial infarction, 43% MACE. In the non-revascular-
ized vs. revascularized subgroups frequency of death from
any cause was 10.3% vs. 6.2%, P = 0.27; cardiac death was
8.8% vs. 6.2%, P = 0.48; cardiac death and/or myocardial
infarction 14.7% vs. 11.1%, P = 0.44. Eighty-seven percent
of patients with CAD had taken prescribed medication regu-
larly without significant differences in the subgroups.

Analysis of the exercise echocardiography data

There were 218 abnormal and 105 normal stress echocar-
diography tests. Ischemia was revealed in 164 tests. All the
patients were divided into groups: Group 1 with abnormal
and Group 2 with normal echocardiography exercise tests.
Twenty confirmed cardiac deaths occurred in the Group
1 and 1 possible cardiac death (actual cause unknown) in
Group 2 (9.2 % vs. 0.95%, P < 0.006); 22 non-fatal myo-
cardial infarctions in Group 1 and 5 in Group 2 (10.1 % vs.
4.8%, P =0.07); 80 revascularizations were in Group 1 and
3 in Group 2 (36.7 % vs. 2.9%, P < 0.0000001); in total, 105
cases had a MACE in Group 1 and 7 in Group 2 (48.2 % vs.
6.7%, P <0.0000001) (Fig. 1, 2).

www.cardiologyres.org



Zagatina et al

Cardiol Res * 2013;4(4-5):152-158

w
L]
J

w
Qo

)
L)

M
o

-
wn

% S-year cardiac mortality
=

1.1 1.2 =13 214

215 16 1.7 18 =19

Index of wall motion abnormality

[ ——revasculanzation

—s— medical treatmert |

* p<0.05-0.03

Figure 3. Cardiac death in the revascularized vs. non-revascularized subgroups depending on IWMA.

Subgroup with contraction abnormality/ischemia during
test only by echocardiographic criteria

A total of 91 patients (42%) had abnormal tests and 47 sub-
jects (29%) had ischemia only by echocardiographic criteria
without ECG changes or angina. There were 8§ cardiac deaths
(9%) and 31 MACE (34%) in the subgroup of abnormal tests
in patients without ECG changes or angina during exercise.
There were 5 cardiac deaths (10%) and 22 MACE (47%) in
the subgroup with ischemia in patients without ECG chang-
es or angina during exercise.

Formula for predicting high risk for 5-year cardiac death
after exercise echocardiography

Multivariate analysis identified the following criteria as the
strongest predictors for cardiovascular death (one of them
had two cut-off points for prognosis): 1) wall motion abnor-
malities in the left anterior descending artery territories after
exercise (HR 43.9, P < 0.0001); 2) abnormal stress echo-
cardiography (HR 22.3, P < 0.001); 3) patient’s age greater
than 70 years (HR 24.4, P < 0.01); 4) IWMA (index of wall
motion abnormality) before exercise of more than 1.7 (HR
9.1, P < 0.0001); 5) wall motion abnormalities in the left
descending coronary artery territories before exercise (HR
7.0, P<0.0001); 6) wall motion abnormalities in the circum-
flex coronary artery territories before exercise (HR 7.0, P <
0.0001); 7) exercise capacity less than 100 WT (HR 6.1, P
< 0.0005); 8) dAIWMA more than 0.4 (HR 5.3, P < 0.0005);
9) wall motion abnormalities in the right coronary artery ter-
ritories before exercise (HR 4.7, P < 0.005); 10) patient’s
age greater than 58 years (HR 3.0, P < 0.05). The 5-year
cardiovascular mortality was very high (25.3% in the group)
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for those with 5 to 10 of the signs noted above. The group
with 0-4 points of these factors had a low mortality - 0.6%.

Formula for predicting high risk for 5-year MACE after
exercise echocardiography

Multivariate analysis identified the following criteria as the
strongest predictors for MACE (two of them had two cut-
off points for prognosis): 1) IWMA (index of wall motion
abnormality) after exercise greater than 2.0 (HR 18.3, P <
0.0001); 2) abnormal stress echocardiography (HR 14.4, P
< 0.0001); 3) a difference between IWMA before and after
exercise greater than 0.3 (HR 14.3, P < 0.0001); 4) IWMA
after exercise greater than 1.4 (HR 9.5, P <0.0001); 5) wall
motion abnormalities in the left anterior descending artery
territories after exercise (HR 8.5, P < 0.0005); 6) angina dur-
ing exercise (HR 5.2, P <0.0005); 7) maximal heart rate dur-
ing exercise lower than 120/min (HR 4.9, P < 0.0005); 8)
patient’s angina functional class greater than 2 (HR 4.9, P <
0.0005); 9) wall motion abnormalities in the circumflex cor-
onary artery territories after exercise (HR 4.7, P < 0.0005);
10) wall motion abnormalities in the right coronary artery
territories after exercise (HR 4.2, P < 0.0005); 11) wall mo-
tion abnormalities in the left anterior descending artery ter-
ritories before exercise (HR 4.1, P < 0.0005); 12) maximal
heart rate during exercise lower than 135/min (HR 2.4, P <
0.001), 5-year MACE occurred in 7% for Group with 0-4
points, and in 68% for Group with more than 6 points.

Revascularization

All the patients with abnormal stress tests were divided into
two subgroups: 80 patients with revascularization and 138
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Table 1. Characteristics of the Subgroup With IWMA = 1.3

With revascularization

Without revascularization

N=176 N=92 Plevel
Age (yrs) 55+8 54+8 NS
Women/Men 10/66 17/75 NS
Diabetes 18 (24%) 17 (18%) NS
AH 57 (75%) 59 (64%) NS
MI 56 (74%) 68 (74%) NS
Maximal HR (1/min) during 121 £ 18 130+ 18 <0.005
exercise
WMA in LAD before 43 (57%) 51 (55%) NS
exercise
WMA in LCx before 16 (21%) 29 (27%) NS
exercise
WMA in RCA before 32 (42%) 49 (53%) NS
exercise
WMA in LAD after 65 (86%) 71 (77%) NS
exercise
WMA in LCx after exercise 47 (62%) 51 (55%) NS
WMA in RCA after exercise 58 (76%) 66 (72%) NS
IWMA rest 1.42+045 1.54+£0.47 NS
IWMA impost 2.17+£0.48 1.99 +0.49 <0.03
dIWMA 0.75 £ 0.40 0.45+0.47 <0.00003
Regularity of medical 71 (93%) 77 (84%) NS
treatment

AH: arterial hypertension; MI: myocardial infarction; HR: heart rate; WMA: wall motion abnormality; LAD: left
anterior descending artery; LCx: left circumflex coronary artery; RCA: right coronary artery; IWMA rest: index
of wall motion abnormality before exercise, IWMA impost index of wall motion abnormality immediately post

exercise.

subjects without revascularization. There were 3 confirmed
non-cardiac deaths, their data was excluded from analysis.
There occurred 5 cardiac deaths in the Subgroup 1 and 15 in
the Subgroup 2 (6.3% vs. 11.1%, P = NS). However, there
was a significant difference in 5-year cardiac mortality if
the patients with mild abnormalities of contractility during
exercise were excluded (Fig. 3). The cut-off point was 1.3
for IWMA. However in these subgroups the regularity of
medical treatment was similar (93% vs. 84%, P = NS). The
clinical, exercise and echocardiography characteristics of the
subgroups with IWMA > 1.3 with revascularization vs. with-
out revascularization are in Table 1.
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Discussion

Stress echocardiography with its history and data spanning
over 3 decades, is proving its strength in assessing patient
prognosis in different groups of subjects. Generally, a nor-
mal exercise echocardiogram result is associated with an
annual event rate of cardiac death and nonfatal myocardial
infarction of less than 1% [9, 10]. Our study showed similar
results - 4.8% non-fatal myocardial infarction in the group
with normal tests within 5 years. Cardiac death was 10 times
lower in this group than in the group with abnormal stress
echocardiography. Likely, MACE should be further reduced
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in a normal test group with the implementation of non-in-
vasive cardiac flow reserved determination, using maximal
heart rate test instead of a submaximal one, using peak in-
stead of post-exercise data etc [11-14].

In the study the subgroup with IWMA > 1.3 and with-
out revascularization had a high cardiac mortality despite
a high percentage using prescribed modern medical treat-
ment. Cardiac mortality was incrementally increased with
augmentation of IWMA and it became more than 25% in
the subgroup with IWMA > 1.9 if the patients had not been
operated upon. The previous study had shown that cardiac
mortality was not as high in patients with a stable form of
coronary artery disease which was being medically treated.
In these cases, it was about 0.9-1.6% annually, 4.5-8% over
5 years [4, 8]. This data was observed for all patients with-
out dividing them into subgroups according to risk. In our
study if the mortality was calculated for the entire group of
patients with diagnosed coronary artery disease by clinically
and/or stress test data, then there would also not be a very
high cardiac mortality. This would be in spite of fact that our
consecutive subjects probably suffered more severe cases of
heart disease than what is present in the general population.
It’s known that patients selected from a hospital setting have
more severe forms of a condition precisely because they are
being hospitalized. Naturally, subjects with a less severe
form of disease are treated in an outpatient d. There were
no significant differences in the group as a whole regarding
types of strategy - revascularization or not-revascularization.
Only patients with signs of poor prognosis may have had
improved survival rates following an operation. So we can-
not conclude, as do some of the contemporary studies, that
patients with a stable form of coronary disease with modern
medical treatment have a benign prognosis comparable with
revascularization. There is a large group of patients with
poor prognosis without revascularization and non-invasive
stress echocardiography test remains able to provide valu-
able information regarding which patients should be selected
for invasive treatment.

In the study we created formulas for detecting patients
with a very high risk of cardiac death/major adverse cardiac
events (MACE) in their present conditions. They are easy to
use and contain only the patient’s characteristics and their
stress echocardiography data, which is not time consuming
to obtain or interpret. They are practical for detecting pa-
tients with a 25% S-year risk of cardiac death, and with a
68% risk of MACE.

Limitations

This work has all the limitations of a cohort, single-center
study.

There were not a large number of patients, but the num-
ber of patients was sufficient for significant differences in the
subgroups and for arriving at the main conclusions.
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The experts of a single center assessed the stress echo-
grams. As it is known, stress echocardiography is subjective
and highly dependent on the specialist’s qualification method
[15].

The main group was not divided into subgroups with
different types of revascularization. This was outside of the
goals of this study.

Conclusion

Patients with moderate to severe contraction abnormality
during exercise echocardiography tests have a high 5-year
cardiac mortality despite prescribed medical treatment.

It is possible to identify during stress echocardiography
the subjects with very high risk for MACE using formulas
utilizing the characteristics of a patient and their test data.

Revascularization can improve S5-year survival of pa-
tients with IWMA > 1.3 during exercise echocardiography in
their present conditions.

Declaration

None declare.

References

1. Eighteen-year follow-up in the Veterans Affairs Coop-
erative Study of Coronary Artery Bypass Surgery for
stable angina. The VA Coronary Artery Bypass Surgery
Cooperative Study Group. Circulation. 1992;86(1):121-
130.

2. Varnauskas E. Twelve-year follow-up of survival in the
randomized European Coronary Surgery Study. N Engl
J Med. 1988;319(6):332-337.

3. Myers WO, Schaff HV, Gersh BJ, Fisher LD, Kosinski
AS, Mock MB, Holmes DR, et al. Improved survival of
surgically treated patients with triple vessel coronary ar-
tery disease and severe angina pectoris. A report from
the Coronary Artery Surgery Study (CASS) registry. J
Thorac Cardiovasc Surg. 1989;97(4):487-495.

4. Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Ma-
ron DJ, Kostuk WJ, Knudtson M, et al. Optimal medical
therapy with or without PCI for stable coronary disease.
N Engl J Med. 2007;356(15):1503-1516.

5. Gibbons RJ, Balady GJ, Bricker JT, Chaitman BR,
Fletcher GF, Froelicher VF, Mark DB, et al. ACC/AHA
2002 guideline update for exercise testing: summary ar-
ticle: a report of the American College of Cardiology/
American Heart Association Task Force on Practice
Guidelines (Committee to Update the 1997 Exercise
Testing Guidelines). Circulation. 2002;106(14):1883-
1892.

www.cardiologyres.org 157



Geriatric Trauma Patients

Cardiol Res « 2013;4(4-5):152-158

10.

158

Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK,
Kaul S, Laskey WK, Pennell DJ, et al. Standardized
myocardial segmentation and nomenclature for tomo-

baum H, Armstrong WF. Prognostic value of a normal
exercise echocardiogram. Am Heart J. 1990;120(1):49-
55.

graphic imaging of the heart. A statement for healthcare 11. Rigo F, Sicari R, Gherardi S, Djordjevic-Dikic A, Corti-
professionals from the Cardiac Imaging Committee of giani L, Picano E. The additive prognostic value of wall
the Council on Clinical Cardiology of the American motion abnormalities and coronary flow reserve during
Heart Association. Circulation. 2002;105(4):539-542. dipyridamole stress echo. Eur Heart J. 2008;29(1):79-
Gibbons RJ, Abrams J, Chatterjee K, Daley J, Deedwania 88.
PC, Douglas JS, Ferguson TB, Jr., et al. ACC/AHA 2002 12. Meimoun P, Benali T, Elmkies F, Sayah S, Luycx-Bore
guideline update for the management of patients with A, Doutrelan L, Hamdane Z, et al. Prognostic value of
chronic stable angina--summary article: a report of the transthoracic coronary flow reserve in medically treated
American College of Cardiology/American Heart As- patients with proximal left anterior descending artery
sociation Task Force on practice guidelines (Committee stenosis of intermediate severity. Eur J Echocardiogr.
on the Management of Patients With Chronic Stable An- 2009;10(1):127-132.
gina). J Am Coll Cardiol. 2003;41(1):159-168. 13. Makani H, Bangalore S, Halpern D, Makwana HG,
Fox K, Garcia MA, Ardissino D, Buszman P, Camici Chaudhry FA. Cardiac outcomes with submaximal nor-
PG, Crea F, Daly C, et al. Guidelines on the manage- mal stress echocardiography: a meta-analysis. ] Am Coll
ment of stable angina pectoris: executive summary: The Cardiol. 2012;60(15):1393-1401.
Task Force on the Management of Stable Angina Pecto- 14. Peteiro J, Bouzas-Mosquera A, Broullon FJ, Garcia-
ris of the European Society of Cardiology. Eur Heart J. Campos A, Pazos P, Castro-Beiras A. Prognostic value
2006;27(11):1341-1381. of peak and post-exercise treadmill exercise echocar-
McCully RB, Roger VL, Mahoney DW, Karon BL, Oh diography in patients with known or suspected coronary
JK, Miller FA, Jr., Seward JB, et al. Outcome after nor- artery disease. Eur Heart J. 2010;31(2):187-195.
mal exercise echocardiography and predictors of subse- 15. Picano E, Lattanzi F, Orlandini A, Marini C, L’ Abbate
quent cardiac events: follow-up of 1,325 patients. J] Am A. Stress echocardiography and the human factor:
Coll Cardiol. 1998;31(1):144-149. the importance of being expert. J Am Coll Cardiol.
Sawada SG, Ryan T, Conley MJ, Corya BC, Feigen- 1991;17(3):666-669.

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™ www.cardiologyres.org



