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Abstract

Objective: There is limited information about the value of exercise echocardiography for the prediction of events after coronary artery
by-pass surgery (CABS). Ischemia might be considered of no much value in patients already revascularized by surgery. We sought to investigate
the value of exercise echocardiography (EXE) for the prediction of major cardiac events (MACE) and overall mortality in patients submitted to
CABS.

Methods: Retrospective analysis of prospectively collected data on 568 CABS patients (mean age 66+10 years) who were submitted to a
clinically indicated first treadmill EXE. Normal EXE was defined as the absence of wall motion abnormalities (WMAs) at rest and at exercise.
Ischemia was defined as the appearance of new WMAs or the worsening of resting WMAs. Abnormal EXE was defined as ischemia or the
presence of resting WMAs unchanged with exercise. The end points were MACE and overall mortality.

Results: During a mean follow-up of 6.6+5.4 years, there were 132 MACE before any subsequent revascularization and 196 deaths.
An abnormal EXE was observed in 432 patients (76%) and ischemia in 274 (48%). After multivariate adjustment that included clinical
characteristics, resting left ventricular function and exercise ECG testing results, ischemia during EXE was an independent predictor of MACE
(Hazard ratio [HR]=1.64, 95% Confidence Interval [CI]=1.15-2.34, p=0.006), and a marginally predictor of overall mortality (HR=1.34, 95%
Confidence Interval [CI]=1.00-1.78, p=0.05). Other predictors of MACE were resting left ventricular ejection fraction and maximal achieved
workload in metabolic equivalents. Annualized MACE rates were double in patients with ischemia in comparison to patients without (6.8% vs.
3.4%, p<0.001), and quadruple in patients with abnormal EXE in comparison to those with a normal EXE (6.0% vs. 1.9%, p<0.001).

Conclusions: An abnormal EXE is prevalent among surgical revascularized patients with clinically indicated ExE, and is a predictor of
events.

Keywords: Exercise echocardiography; by-pass surgery; ischemia

Abbreviations: BP: Blood pressure; CABS: Coronary artery by-pass surgery; CAD: Coronary artery disease; ECG: Electrocardiogram; EXE:
Exercise echocardiography; LVEF: Left ventricular ejection fraction; MACE: Major cardiac events; MAPHR: Mean age-predicted heart rate;
MI: Myocardial infarction; WMAs: Wall motion abnormalities; WMSI: Wall motion score index; RASS denotes renin-angiotensin-aldosterone
system; IMA: internal mammary artery; METs denotes metabolic equivalents; RPP, rate pressure product (1000 mmHg x beats/min);

Introduction

patients with less presence of multivessel coronary artery disease
(CAD). On the contrary patients submitted to CABS usually have
extensive multivessel CAD and complete revascularization is not
always achievable, leading to a significant number of patients
that may have ischemia under stress conditions. Also, the impact
of symptoms progression and ischemia in these patients is a

Stress echocardiography has demonstrated its ability to unmask
ischemia in different scenarios, including post revascularization of
coronary artery disease (CAD) [1-4]. Although revascularization
of CAD by coronary artery by-pass surgery (CABS) has been in
part replaced by non surgical revascularization procedures [5].
these non-surgical procedures are in general more reserved for
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matter of concern and has been just partially evaluated by stress
echocardiography. Ischemia might be considered of limited value
for patients already revascularized by surgery, as subsequent
revascularization procedures in them could be risky. In addition,
although guidelines state the appropriateness of functional
imaging in symptomatic patients after surgery of CAD, it is less
clear its role in asymptomatic patients, at least within 5 years
after revascularization [6]. The aim of this study was to investigate
the value of exercise echocardiography (ExE) for the prediction
of major cardiac events (MACE) and overall mortality in patients
submitted to CABS.

Methods

Collected data from the University of A Corufia stress
echocardiography laboratory databank on patients with previous
CABS were retrospectively analyzed.

Patients

Data were obtained from 568 patients with previous CABS that
underwent a treadmill EXE in our institution in a 19 year-period
from March 1995 to December 2014. Data were extracted from
a database of 18,031 cases, with a first EXE performed in 14,906
patients. Patients with moderate or severe valvulopathies (n=55)
and hypertrophic cardiomyopathy (n=21) were not included. Also,
patients with previous CABS that underwent dobutamine stress
echocardiography during the same period of time due to inability
to exercise were also excluded (n=46) Demographic and clinical
data, as well as stress testing results, were entered in our database
at the time of the procedures. Data were taken from the original EXE
reports of the patients. Whenever possible, 3-blocker therapy was
discontinued for at least 48 hours before testing. However, 21 % of
the patients were still under the influence of beta-blockers at the
time of their tests.

Exercise ECG Testing

Heart rate, blood pressure (BP), and ECG were obtained at
baseline and at each stage of exercise. Patients were encouraged to
perform a maximal treadmill exercise test (Bruce protocol 87.5%,
Bruce protocol for fitness patients 2.6%, modified Bruce 7.4%,
Naughton 2.5%). Exercise end points included physical exhaustion,
significant arrhythmia, severe hypertension (systolic BP >240 mm
Hg or diastolic BP >110 mm Hg), severe hypotensive response
(decrease >20 mm Hg), or symptoms during exercise. Ischemic ECG
was defined as the development of ST-segment deviation of 21 mm
which was horizontal or down sloping away from the is electric line
80 ms after the ] point in at least 2 leads, in patients with normal
baseline ST segments. The ECG was considered non-diagnostic
in the presence of left bundle branch block, preexcitation, paced
rhythm, repolarization abnormalities or treatment with digoxin.
Positive exercise testing was defined as chest pain during the test
and/or ischemic ECG abnormalities in patients with diagnostic ECG
(7-8). A maximal test was defined as the achievement of at least
85% of the mean age-predicted heart rate (MAPHR), otherwise
the test was considered sub maximal. All patients gave informed
consent.
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Exercise echocardiography and echocardiographic
analysis

Echocardiography was performed in 3 apical views (long axis,
4-, and 2-chambers) and 2 parasternal views (long- and short-
axis) at baseline, peak exercise [7-9] and in the immediate post-
exercise period. Peak exercise imaging on the treadmill has been
previously described by our group [9,10]. It is performed with the
patient still exercising, when signs of exhaustion are present or
an end point is achieved. If the patient is running, she/he is asked
to walk fast instead of running during acquisition. In addition it
may be necessary to keep steady the velocity of the treadmill. The
transducer is firmly positioned on the apical and then parasternal
areas by applying pressure to the patient’s back with the left hand,
so maintaining the patientbetween the transducer and the left hand,
in order to diminish body and respiratory movements. A continuous
imaging acquisition system is used. We have demonstrated higher
heart rates during acquisition with peak than with post exercise
imaging, and also higher sensitivity and prognostic value [8-10].
Regional wall motion abnormalities (WMAs) were evaluated with
a 16-segment model of the left ventricle [11]. Each segment was
graded on a 4-point scale, with normal wall-motion scoring = 1,
hypokinetic = 2, akinetic = 3, dyskinetic = 4, and non-visualized
= 0. However, isolated hypokinesia of the basal inferior or infero-
septal segments was not considered abnormal [12]. Wall motion
score index (WMSI) and visually estimated left ventricular ejection
fraction (LVEF) (13) were calculated atrest, peak and post-exercise.

WMSI was calculated as the sum of scores divided by the
number of visualized segments. The worst WMSI and LVEF
obtained at peak or post-exercise imaging were considered as
definitive values. The change in WMSI from rest to exercise (WMSI)
was calculated. Ischemia was defined as the development of new
or worsening WMAs with exercise, and a fixed WMA as a WMA that
persisted the same with exercise. The extension of ischemia was
further graded as mild when it involved 1 to 2 segments, moderate
when it involved 3 to 4 segments, and extensive when it involved
25 segments. An abnormal EXE was defined as ischemia or fixed
WMaAs.

Follow-Up and End-Points

Follow-up in the entire study cohort of 568 patients was
obtained by review of hospital databases, medical records and death
certificates, as well as by telephone interviews when necessary.
We had complete access to the electronic health care system of
our community, and also electronic access to the GP consults. In
case of death out of a hospital, the cause of death was provided
by the Mortality Registry of our community. No patients were lost
during follow-up. Considered end-points were overall mortality
and major cardiac events (MACE). MACE was considered in case of
cardiac death or non fatal MI. MI was defined as the appearance
of new symptoms of myocardial ischemia or ischemic ECG changes
accompanied by increases in markers of myocardial necrosis.
Cardiac death was defined as death due to acute MI, congestive
heart failure, life-threatening arrhythmias, or cardiac arrest.
Unexpected sudden death without an identified cardiac cause was
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also considered cardiac death. Revascularization procedures during
follow-up were not considered events as the EXE results might have
influenced patient management. However, they were recorded, and
the impact of subsequent revascularization on outcome assessed.

Statistical Analysis

Categorical variables were reported as % and comparison
between groups based on the x2 test. Continuous variables
were reported as mean = 1 standard deviation and intergroup
differences were assessed with the unpaired Student t test or
the Mann-Whitney U test, as appropriate. A P value of <.05 was
considered statistically significant. Patients were censored at the
time of a coronary revascularization procedure for the analysis of
MACE, but not for the analysis of overall mortality [14]. Survival
free of the end point of interest was estimated by the Kaplan-Meier
method, and survival curves were compared with the log-rank test.
Annualized event rates were assessed according to the number of
events, the number of patients at risk and the mean time of follow-
up of the group at risk. Univariable and multivariable associations
of the different variables with outcome were assessed with Cox’s
proportional hazard model. Variables were selected in a stepwise
forward selection manner, with entry and retention set at p=0.05.
Hazard ratios (HR) with 95% confidence intervals (CI) were
estimated. The incremental value of EXE results over clinical, resting
echocardiography and exercise treadmill testing variables was
assessed in steps. The 1st step was based on clinical data. Resting
echocardiography data and exercise ECG data were then added
in the following step. The 3th step consisted of echocardiography
data obtained during exercise. A statistically significant increase in
the global x2 defined incremental prognostic value [15]. Statistical
analysis was performed using SPSS software, version 15.0 (SPSS,
Chicago, IL).

Results

Clinical baseline characteristics and tests results shown
in Tables 1 and 2

The clinical baseline characteristics and resting and exercise
echocardiography results of the overall group are shown in (Table
1 and 2).

Table 1: Baseline clinical characteristics of the 568 patients.

Age, years 66+10
Male gender, n (%) 479 (84)
Diabetes Mellitus, n (%) 143 (25)
Hypertension, n (%) 300 (53)
Hypercholesterolemia, n (%) 326 (57)
Smoking, n (%) 108 (19)
Atrial fibrillation, n (%) * 32 (6)
Reasons for testing, n (%)
Typical angina 84 (15)
Atypical angina 271(48)
Non coronary chest pain 59 (10)
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Dyspnea 16 (3)
Asymptomatic/P.ost—surgical 138 (24)
evaluation
Abnormal resting ECG, n (%) 169 (30)
Medications, n (%)
Betablockers * 119 (21)
RAAS system 216 (38)
Nitrates 239 (42)
Ca++ antagonists 91 (16)
Diuretics 49 (9)
Digoxin 19 (3)
ot e mn 5 53 20-20
in symptomatic patients 60 (24-120)
in asymptomatic patients 29 (13-60)
Type of surgery, n (%)
unknown 38 (7)
2 IMA+1 to 2 vein grafts 200 (35)
1 IMA+3 vein grafts 163 (29)
1 to 2 vein grafts 62 (11)
3 vein grafts 105 (18)

Table 2: Resting and exercise echocardiography results.

Achieved workload in METs 8.3+3.1
% achieved of the MAPHR 89+15
Submaximal test, n(%) 214 (38)
Resting heart rate (bpm) 7616
Resting blood pressure (mmHg) 135+20
Peak heart rate (bpm) 137+23
Peak blood pressure (mmHg) 163+29
Peak doublelp(;’o(g;l)ct (HRxBPx 22.6+6.1
LVEF
atrest 54+11
at peak exercise 55+14
WMSI
atrest 1.25+0.32
at peak exercise 1.42+0.39
Positive exercise ECG, n (%) 130 (23)
Symptoms durrlln(%/:;(erase testing, 176 (31)
Resting wall mzt(l((;on) abnormalities, 314 (55)
Ischemia, n (%) 274 (48)
Abnormal ExE, n (%) 432 (76)

Prediction of outcome

Univariable and multivariable analysis of MACE and overall
mortality are depicted in Tables 3 and 4, respectively. Ischemia
was an independent predictor of MACE and a marginally predictor
of overall mortality. When introduced instead of ischemia, all the
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other EXE variables were also predictive of MACE: peak WMSI  (~ A
(HR=3.29, 95% CI=2.15-5.04, p<0.001), peak LVEF (HR=0.97, i [ ) g U m———

95% C1=0.96-0.98, p<0.001), A in WMSI (HR=2.62, 95% CI=1.33- 3 iy g0,
5.19, p=0.006), and A in LVEF (HR=0.96, 95% CI=0.94-0.98, T
p=0.001). Figure 1 shows the Chi-square of the models and their "] o nensiesicins o "] o arrese-o

change with the addition of the EXE results for the prediction of i T o .
MACE and overall mortality. Annualized MACE rates were double = -

in patients with ischemia in comparison to patients without (6.8% i &

vs. 3.4%, p<0.001), and quadruple in patients with abnormal EXE
in comparison to those with normal ExE (6.0% vs. 1.9%, p<0.001).
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Table 3: Univariable and multivariable predictors of major cardiac events
Univariable Multivariable
Clinical variables
HR 95% CI I4 HR 95% CI p
Age (per year) 1.03 1.01-1.05 0.001
Diabetes Mellitus 1.48 1.00-2.17 0.049
Abnormal resting 1.73 1.23-2.44 0.002
ECG
Dyspnea 2.48 1.09-5.66 0.03
RAAS blockers 1.49 1.05-2.13 0.03
Diuretics 2.03 1.28-3.21 0.003
Resting echocardiography

Biomedical Journal of
Scientific & Technical Research (BJSTR) 2468



Jestis Peteiro. Biomed ] Sci & Tech Res

Volume 2- Issue 2: 2018

LVEF at rest 0.96 0.95-0.97 <0.001 0.97 0.96-0.99 <0.001
WMSI at rest 418 2.72-6.44 <0.001
Exercise ECG
testing
AChie‘i’Ifi,["];’f;;kload 0.83 0.78-0.88 <0.001 0.86 0.81-0.92 0.001
Ain RPP 0.91 0.88-0.94 <0.001
Peak RPP 0.93 0.90-0.96 <0.001
% ac};ji‘?g;fthe 0.98 0.97-0.990 0.002
Peak exercise echocardiography
Peak WMSI 437 2.88-6.62 <0.001
Peak LVEF 0.96 0.95-0.97 <0.001
Ain WMSI 2.16 1.11-4.19 0.02
Ain LVEF 0.96 0.94-0.98 <0.001
Ischemia 2.01 1.42-2.86 <0.001 1.64 1.15-2.34 0.006
Abnormal EXE 3.02 1.79-5.09 <0.001

At the time of the ExE; **Data available for 430 patients.
Other non significant analyzed variables were gender, smoking,

hypercholesterolemia, hypertension, family history of CAD,

treatment with beta-blockers at the time of the exercise testing, testing
treatment with nitrates, treatment with calcium channel blockers,

Table 4: Univariable and multivariable predictors of overall mortality.

treatment with digoxin, history of typical angina, asymptomatic
status, atrial fibrillation at the time of the EXE, resting rate-pressure
product, angina during exercise testing and positive exercise ECG

T s Univariable Multivariable
HR 95% CI P HR 95% CI
Age (per year) 1.08 1.06-1.10 <0.001 1.06 1.04-1.08 <0.001
Diabetes Mellitus 1.47 1.06-2.04 0.02
Dyspnea 2.24 1.05-4.81 0.04
Atrial fibrillation* 2.39 1.43-4.00 0.001
Abno”gélcresmg 1.93 1.46-2.56 <0.001
Digoxin 2.3 1.31-4.05 0.004
Diuretics 2.76 1.89-4.03 <0.001 1.7 1.14-2.53 0.009
RAAS blockers 1.36 1.01-1.83 0.04
Resting echocardiography
LVEF at rest 0.96 0.95-0.97 <0.001 0.98 0.97-0.99 <0.001
WMSI at rest 3.67 2.49-5.40 <0.001
Exercise ECG
testing
Achieved workload 0.79 0.75-0.83 <0.001 0.84 0.79-0.89 <0.001
in METs
A'in RPP 0.91 0.89-0.94 <0.001
Peak RPP 0.93 0.91-0.96 <0.001
Positive ECG 0.61 0.41-0.89 0.01
Peak exercise
echocardiography
Peak WMSI 2.6 1.85-3.67 <0.001
Peak LVEF 0.97 0.96-0.98 <0.001
Biomedical Journal of
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Ain LVEF 0.98 0.97-1.00 0.04
Ischemia 1.51 1.14-2.01 0.004 1.34 1.00-1.78 0.05
Abnormal ExE 1.65 1.14-2.38 0.008

Other non significant analyzed variables were gender, smoking,
hypercholesterolemia, hypertension, family history of CAD,
treatment with beta-blockers at the time of the exercise testing,
treatment with nitrates, treatment with calcium channel blockers,
history of typical angina, asymptomatic status, resting rate-
pressure product, % achieved of the maximal age-predicted heart
rate, and angina during exercise testing.

Symptomatic versus asymptomatic patients

A total of 138 patients were asymptomatic (24%), whereas
the rest have had clinical symptoms before the ExE, like typical
or atypical chest pain, dyspnea, or non coronary chest pain. The
symptomatic status did not seem to impact outcome, as the presence
or absence of symptoms was not predictive of MACE and mortality.
In comparison to symptomatic, asymptomatic patients were
younger (age 63+11, vs. 66+10, p=0.001) and had worse resting
echocardiography characteristics, with lower LVEF and higher
WMSI (52#13 vs. 55+£10, p=0.008; and 1.33+£0.34 vs. 1.22+0.31,
p=0.002, respectively). However, the ischemic burden was lower
in asymptomatic patients, with lower A in WMSI (0.12+0.27
vs. 0.19+0.29, p=0.006), and lower percentage of patients with
clinical symptoms during EXE (17% vs. 36%, p<0.001) or with ECG
positivity (15% vs. 25%, p=0.01). Accordingly, the performance of
revascularizations within 6 months of the EXE was also lower in the
asymptomatic group (5% vs. 16%, p=0.001). During follow-up there
were 92 MACE in the symptomatic group (21% of the cases) and
40 MACE in the asymptomatic group (29% of the cases), although
the annualized MACE rate was the same for both groups (4.8%).
Also, independent predictors of MACE in the asymptomatic group
were the same than in the overall group of patients: resting LVEF
(HR=0.97,95% CI=0.05-1.00, p=0.05), maximal achieved workload
in METs (HR=0.82, 95% CI=0.73-0.93, p=0.001), and ischemia on
EXE (HR=1.12, 95% CI=1.12-4.13, p=0.02).

Revascularizations during follow-up

During follow up, there were 166 revascularizations (29%)
for clinical reasons (154 by a percutaneous approach and 12 by a
repeated surgery). A total of 75 revascularizations were performed
within 180 days of the EXE. Patients who underwent these earliest
revascularizations had more frequently ischemic results than those
who did not go to revascularization or that went to a more delayed
revascularization (ischemia on ExE, 91% vs. 46%; symptoms
during exercise testing, 59% vs. 27%; positive exercise ECG, 47%
vs. 19%; all p<0.001). On the contrary non-early revascularized
patients were more frequently asymptomatic at the time of the EXE
(27% vs. 9%, p<0.001), had more frequently fixed WMAs (57% vs.
43%, p=0.02), and their resting LVEF was slightly lower (54+11 vs.
5648, p=0.05).

Discussion

Themainfindings ofthisstudy are that ExEresultsadd significant
prognostic information in symptomatic or asymptomatic patients
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with surgical coronary revascularization, either for MACE or for
overall mortality. [schemia was an independent predictor of events,
even when other important and powerful variables extracted from
the “exercise part of the EXE study” were taken into consideration,
like maximal workload. Maximal workload would not have been
possible to take into account if other types of stress were performed,
like pharmacological stress echocardiography or pharmacological
myocardial perfusion imaging. For the same reason the robustness
of imaging seems to be higher when exercise is not feasible or not
performed and these variables are not available. Our approach
consisted of exercise on the treadmill with imaging acquisition
while the patients were still exercising. We have previously
demonstrated that this method has higher sensitivity for assessing
ischemia [12,16]. This likely explains the high number of positive
results. To do this, we have employed exercise protocols adjusted to
the baseline characteristics of the patients. Although exercise is the
method of stress recommended in guidelines for the assessment of
patients with confirmed or suspected CAD [6,17], to our knowledge,
the role of exercise echocardiography in patients with prior CABS
has been tested in just a few studies [3,4]. In one of them, exercise
was marginally analyzed as most of the patients underwent a
pharmacological stress echocardiogram with dypiridamole [3]. In
that study peak wall motion score index increased the prediction
of the model for outcome, although ischemia was not specifically
addressed. In another one, the lack of increase of LVEF with exercise,
as a surrogate of ischemia, was an independent predictor of cardiac
events [4]. In line with our results, a lack of increase in LVEF was a
robust marker of risk in our patients with annualized event rates
higher that 7%, the other important marker was extensive ischemia
with annualized event rates of almost 10%. Finally, although the
reach of EXE in asymptomatic patients seemed to be more limited
than in symptomatic, as the former had less ischemia burden, and
subsequent revascularizations were consequently less performed,
the true is that imaging also offered prognostic information in this
group.

Limitations

The retrospective nature of the study must be recognized as
a limitation for some of the analysis performance. Also, we have
included only patients able to exercise. Although most of our
patients with CABS were able to exercise with adjusted protocols,
our data could not be the same for patients with a theoretically
higher risk, as those with inability to exercise. Finally, these
patients were studied during a long-term period. Indications for
testing could have changed during this period, as well as imaging
technology and the kind of surgery employed. For instance, over
the years, arterial grafts and off-pump surgery have been more
frequently used.

Clinical Implications

Ischemia during exercise is frequent in patients with
previous CABS, and is predictive of major cardiac events. Exercise
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echocardiography revealed twice-fold events in patients with
ischemia and fourth-fold events in patients with abnormal ExE

results, in comparison to patients without these characteristics.

EXE should be considered as a first line tool for evaluation after
CABS.
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