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Background-—Many observational studies and trials have shown that coronary artery bypass grafting improves the survival in
patients with ischemic cardiomyopathy. However, these results are based on data generated from developed countries. Poor
socioeconomic statuses, lack of uniformity in healthcare delivery, differences in risk profile, and affordability to access optimal
health care are some factors that make the conclusions from these studies irrelevant to patients from India.

Methods and Results-—One-hundred and sixty-two patients with severe left ventricular dysfunction (ejection fraction ≤35%) who
underwent coronary artery bypass grafting from 2009 to 2017 were enrolled for this study. Mean age of the study population was
58.67�9.70 years. Operative mortality was 11.62%. Thirty day/in-house composite outcome of stroke and perioperative
myocardial infarction were 5.8%. The percentage of survival for 1 year was 86.6%, and 5-year survival was 79.9%. Five-year event-
free survival was 49.3%. The mean ejection fraction improved from 30.7�4.08% (range 18–35) to 39.9�8.3% (range 24–60). Lack
of improvement of left ventricular function was a strong predictor of late mortality (hazard ratio, 21.41; CI 4.33–105.95). Even
though there was a trend towards better early outcome in off-pump CABG, the 5-year survival rates were similar in off-pump and
on-pump group (73.4% and 78.9%, respectively; P value 0.356).

Conclusions-—We showed that coronary artery bypass grafting in ischemic cardiomyopathy was associated with high early
composite outcomes. However, the 5-year survival rates were good. Lack of improvement of left ventricular function was a strong
predictor of late mortality. ( J Am Heart Assoc. 2019;8:e010225. DOI: 10.1161/JAHA.118.010225.)
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S TICH (Surgical Treatment for Ischemic Heart Failure) trial1

and STICHES (Surgical Treatment for Ischemic Heart
Failure Extension Study)2 established the role of coronary
artery bypass grafting (CABG) in improving the outcome of
patients with ischemic cardiomyopathy. CABG in this sub-
group is associated with substantial risks and complications.
Ischemic heart disease and stroke constitute 83% of cardio-
vascular disease mortality in India. In comparison with
western population, ischemic heart disease affects the
population at least a decade earlier and in the most
productive mid-life years in India.3 The prevalence of ischemic

heart disease in urban population increased by 7-fold and
quadrupled in rural populations in recent years in India.3 In
contrast to high- and middle-income countries, the incidence
of ST-segment–elevation myocardial infarction is more than
non–ST-segment–elevation myocardial infarction or unstable
angina in patients presenting with acute coronary syndrome in
India.4 There are also longer delays before admission to
hospital and between admission and reperfusion therapy.
Hence, Indian patients with acute coronary syndrome have
higher morbidity and mortality than in high-income coun-
tries.5,6 All these factors potentially could increase the
prevalence of ischemic cardiomyopathy in Indian patients.

Many observational studies and trials have shown that
CABG improves the survival and quality of life in patients with
ischemic cardiomyopathy.1,2,7 However, these results are
based on data generated from developed countries. Poor
socioeconomic status, lack of uniformity in healthcare
delivery, differences in risk profile, and affordability to access
optimal health care are some factors that can make the
conclusions from these studies irrelevant to patients from
India. In this context, it is important to understand the
outcomes of Indian patients with ischemic cardiomyopathy
who underwent CABG.
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Methods
Between January 2009 and December 2016, a total of 4431
patients underwent CABG. One hundred and sixty-two con-
secutive (3.65%) patients with severe left ventricular dysfunc-
tion (ejection fraction [EF] <35%) who underwent either on
pump or off pump CABG (147 [90.7%] men and 15 [9.3%]
women) were included in this study. The primary inclusion
criteria were diagnosis of coronary artery disease appropriate
for CABG by preoperative angiogram and EF ≤35% by 2-
dimensional echocardiography. All patients with an associated
procedure (valve replacements, mitral valve repair, or surgical
ventricular restoration) were excluded. The data, analytic
methods, and study materials will be/have been made
available to other researchers for purposes of reproducing
the results or replicating the procedure.8

Study Design
The data were collected retrospectively. Logistic EuroSCORE
II was calculated retrospectively from the patient’s data.

Follow-Up
Patients were followed up in the outpatient department. They
were evaluated clinically and with ECG and echocardiography
examination by an attending cardiologist. The follow-up
pattern was 1 and 3 months after surgery and every
6 months thereafter. Last day of follow-up was fixed at
February 1, 2018. Those patients who did not come for follow-
up were contacted telephonically and interviewed by a
physician assistant (V.C.) with a prepared questionnaire. The

last available echocardiography was used for left ventricular
function assessment. Follow-up details are depicted in
Figure 1.

Definition of Variables
Operative mortality was defined as (1) all deaths occurring
during the hospitalization in which the CABG was performed,
even if after 30 days, and (2) those deaths occurring after
discharge from the hospital, but within 30 days of the
procedure. Renal failure was defined as an increase in serum
creatinine concentration to twice preoperative levels or to
>2.0 mg/dL, or new requirement for dialysis. According to
the Centers For Disease Control And Prevention guidelines,
mediastinitis was diagnosed if the patient presented with 1 of
the following criteria: (1) an organism isolated from culture of
mediastinal tissue or fluid; (2) evidence of mediastinitis seen
during operation; or (3) presence of either chest pain, sternal
instability, or fever (>38°C), and purulent drainage from the
mediastinum, or isolation of an organism present in a blood
culture or a culture of the mediastinal area. Event-free
survival was defined as a composite end point of all cause
deaths, myocardial infarction, stroke, target vessel revascu-
larization, new onset of renal failure, and hospitalization for
heart failure.

Myocardial Viability Assessment
One hundred and six patients (62.3%) underwent preoperative
myocardial viability testing. Myocardial viability was assessed
by 99mTc-sestamibi scan in 102 patients. Four patients
underwent cardiac magnetic resonance imaging. Patients
who showed viability in >50% of myocardium were offered
CABG. In 35 patients, myocardial viability was not performed
because of the need for urgent or emergent surgery. In the
rest of the patients, the reason for not performing myocardial
viability was not mentioned in the hospital records. Out of
106 available records, 80 patients had transmural scar in left
anterior descending artery territory, 44 patients had
transmural scar in right coronary artery territory, and 25
patients had transmural scar in circumflex coronary artery
territory.

Figure 1. Follow-up.

Clinical Perspective

What Is New?

• This is the first study to examine the outcomes of coronary
artery bypass grafting in ischemic cardiomyopathy in Indian
patients.

• Even though early mortality was high, the late survival was
excellent.

• Patients who did not show improvement of left ventricular
function had poor long-term survival.

What Are the Clinical Implications?

• Effective strategies are required to control postoperative
sepsis and improve the outcomes.

• Patients with lack of improvement in the left ventricular
function after coronary artery bypass grafting should be
followed up more meticulously to reduce their risk of
cardiovascular mortality.
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Ethics Committee Approval
The study was approved by the hospital ethics committee. The
requirement for informed consent was waived. All personal
identifying data were removed from the study database so
that individuals could not be identified.

Surgical Technique
Four surgeons operated all cases. All surgeries were done
through median sternotomy. Left internal mammary artery
was the preferred conduit for bypassing left anterior descend-
ing artery. Saphenous vein grafts were used for bypassing the
other diseased coronary arteries. In both off-pump and on-
pump CABG, proximal anastomoses were constructed using
partial occlusion clamp. Ninety-eight patients were operated
using on-pump CABG technique and 64 patients were
operated by off-pump technique. The decision to operate
off-pump or on-pump was individual surgeon’s preference. The
number of cases performed in each year of the study period,
using either technique is depicted in Figure 2. There was a
trend towards more off-pump surgeries after the year 2012.
The mean EuroSCORE II of patients operated with or without
pump was similar (with pump 4.83�4.98, without pump
4.55�4.39, P value 0.71). Twenty-two patients (13.5%)
required intra-aortic balloon pump (IABP) support. IABP was
inserted preoperatively in 7 patients for hemodynamic
support. In 3 patients, IABP was placed intraoperatively and

in 12 patients, IABP was placed postoperatively for low
cardiac output. Eighteen patients (11.1%) required endarterec-
tomy of coronary artery. Mean number of grafts placed in on-
pump patients were significantly higher than in off-pump
patients (4.32�0.85 versus 3.73�0.86; P<0.001).

Statistical Analysis
Data were analyzed with IBM SPSS 20.0 (SPSS Inc, Chicago,
USA). The results are either given in mean�SD for continuous
variables or as percentage for categorical variables. To obtain
the association of variable with 30-day mortality and mid-term
mortality, Chi square statistics with continuity correction test
(wherever applicable) for categorical variables and indepen-
dent sample t test/Mann–Whitney U test for continuous
variables were used. To determine the preoperative, intraop-
erative, and postoperative risk factors for mid-term mortality,
multivariate backward conditional logistic regression analysis
was used. Variables which showed P value up to 0.2 were
included in multivariate analysis. Multivariate analysis of 30-
day mortality was not done because of low event rate.

To find the survival probability of long-term mortality,
Kaplan–Meier analysis was used, and Log rank test was used
for comparing the survival probability. Cox regression was used
to find the most significant predictor of long-term mortality. All
variables with P<0.2 were included in the multivariate analysis
(Cox regression). A P value of <0.05 was considered as
statistically significant “without adjustment for multiplicity”.

Figure 2. On-pump and off-pump CABGs performed in each year with 30-day mortality. CABG indicates
coronary artery bypass grafting.
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Results

Mean age of the study population was 58.67�9.70 years
(range: 23–84 years). Operative mortality was 11.62% (19/162
patients). Low cardiac output developed in 32% of patients in
the postoperative period. Thirty-day/in-house composite out-
come of stroke and perioperative myocardial infarction was

5.8%. Five patients (3.08%) developed new requirement of
dialysis in the postoperative period; and among them 4 patients
died. A total of 7.4% patients developed mediastinitis. The
average lengths of hospital stay were 15�8.73 days in alive
patients and 20�13.91 days in expired patients.

Tables 1 and 2 show theChi square and Independent sample
t test/Mann–Whitney U test (parametric/non-parametric)

Table 1. Univariate Predictors for 30-Day Mortality

Variables

Alive
n (%)

Died
n (%) Univariate Analysis

143 (%) 19 (%) OR (95% of CI) P Value

Age

≤55 y 55 (38.5) 2 (10.5) 5.31 (1.18–23.89) 0.032*

>55 y 88 (61.5) 17 (89.5)

Sex

Men 131 (91.6) 16 (84.2) 0.49 (0.12–1.92) 0.413

Women 12 (8.4) 3 (15.8)

Urgency of surgery

Elective 114 (79.7) 13 (68.4) 1.00 0.006*

Urgent 21 (14.7) 1 (5.3) 0.42 (0.05–3.36)

Emergency 8 (5.6) 5 (26.3) 5.48 (1.56–19.25)

Diabetes mellitus, y 95 (66.4) 16 (84.2) 0.37 (0.10–1.34) 0.192

Hypertension, y 84 (58.7) 12 (63.2) 0.83 (0.31–2.24) 0.905

Myocardial infarction, y 104 (72.7) 17 (89.5) 0.31 (0.07–1.42) 0.195

Myocardial viability, y 122 (85.3) 17 (89.5) 0.68 (0.15–3.18) 0.890

Congestive heart failure, y 16 (11.2) 7 (36.8) 4.63 (1.59–13.46) 0.008*

Carotid stenosis, y 22 (15.4) 5 (26.3) 0.51 (0.17–1.56) 0.382

Renal dysfunction, y 34 (23.8) 5 (26.3) 0.87 (0.29–2.60) 1.000

COPD, y 21 (14.7) 1 (5.3) 0.32 (0.04–2.55) 0.441

PVD, y 20 (14) 5 (26.3) 0.46 (0.15–1.40) 0.289

Smoker, y 36 (25.2) 6 (31.6) 0.73 (0.26–2.06) 0.749

CABG

With pump 83 (58.0) 15 (78.9) 0.37 (0.12–1.17) 0.133

Without pump 60 (41.9) 4 (21.1)

IABP support, y 17 (11.9) 5 (26.3) 0.38 (0.12–1.18) 0.171

Perioperative MI, y 7 (4.9) 3 (15.8) 0.27 (0.07–1.17) 0.178

LIMA grafts, y 140 (97.9) 19 (100) 0.000 1.000

Postoperative stroke, y 2 (1.4) 2 (10.5) 8.29 (1.10–62.75) 0.105

Postoperative renal dysfunction, y 32 (22.4) 12 (63.2) 5.95 (2.16–16.35) 0.001*

Inotropic support, y 137 (95.8) 18 (94.7) 0.79 (0.09–6.93) 1.000

Sepsis, y 42 (29.4) 10 (52.6) 2.62 (1.01–7.05) 0.075

Mediastinitis, y 9 (6.3) 3 (15.8) 0.36 (0.09–1.46) 0.308

CABG indicates coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; IABP, intra-aortic balloon pump; LIMA, left internal mammary artery; MI, myocardial
infarction; n, sample size; OR, odds ratio; PVD, peripheral vascular disease.
*Significant P≤0.05.
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univariate analysis of preoperative, intraoperative, and postop-
erative variables with operative mortality. In univariate analysis,
age >55 years, urgency of surgery, congestive heart failure,
postoperative renal dysfunction, EuroSCORE II, and pump time
were identified as risk factors.

Median follow-up period was 1057 days. Thirteen patients
expired after 30 days during follow-up. Mid-term mortality
was 19.8% (19+13=32 patients). Data from162 patients were
analyzed for mid-term mortality. In Tables 3 and 4, the Chi
square and Independent sample t test/Mann–Whitney U test
(parametric/non-parametric) analysis of preoperative, intra-
operative, and postoperative variables with mid-term mortality
is listed. The risk factors such as age group >55 years, sex,
emergency surgery, diabetes mellitus, myocardial infarction,
congestive heart failure, pump usage, perioperative myocar-
dial infarction, postoperative stroke, postoperative renal
dysfunction, lack of improvement of EF, sepsis, mediastinitis,
and EuroSCORE II were associated with mid-term mortality in
univariate analysis. In multivariate backward conditional
logistic regression analysis (Table 5); lack of improvement
of EF, postoperative renal dysfunction, mediastinitis, and
sepsis were associated with mid-term mortality.

During follow-up, 10 patients died of cardiac cause, 1 from
stroke, and 2 patients died of non-cardiac causes. The follow-
up data were listed in Table 6. Nineteen patients (14.6%) were
in NYHA (New-York Heart Association) class 3/4 heart failure.
Four patients received implantable cardioverter-defibrillator
for documented ventricular tachycardia. Survival curve was
plotted in Figure 3 using Kaplan–Meier estimator. Mean
survival time was 2501.63 days. The percentage of survival
for 1 year was 88.1% with 127 patients at risk, 3-year survival
was 84.5% with 79 patients at risk, and 5-year survival was
81.5% with 51 patients at risk. In event-free survival analysis,
mean survival time was 1662.85�91.47, and 5-year event
free survival was 43.8% (Figure 4).

The mean EF improved from 30.7�4.08% (range 18%–35%)
to 39.9�8.3% (range 24%–60%) at the last follow-up echocar-
diogram (Figure 5). In 25 patients left ventricular (LV) function

improved to >50% and all these patients are alive during
follow-up. In 13 patients LV function did not improve and 10
of these patients died because of cardiac cause during follow-
up. Lack of improvement of left ventricular function was a
strong predictor of late mortality (odds ratio 25.20; CI 5.40–
117.55). Even though there was a trend towards better early
outcome in off-pump CABG, the 5-year survival rates were
similar in the off-pump and on-pump group (Figure 6).

Time to event analysis of long-term mortality was analyzed
using Kaplan–Meier and Log rank test. In this analysis, 162
cases were included and preoperative, intraoperative, and
postoperative variables were analyzed for their impact on
overall survival (Table 7). A P value ≤0.19 was included in the
multivariate analysis (Cox regression). The variables included
in the Cox regression (Table 8) were age, sex, urgency of
surgery, EuroSCORE II, diabetes mellitus, congestive heart
failure, IABP usage, perioperative myocardial infarction, post-
operative stroke and renal dysfunction, sepsis, mediastinitis,
and improved EF. The results of multivariate analysis (Cox
regression) showed lack of improvement in postoperative EF
was the most significant predictor of long-term mortality with
P<0.001 (hazard ratio 7.08; CI 3.24–15.49). Postoperative
renal dysfunction had a significant negative impact on survival
days with P value 0.002 (hazard ratio 3.18; CI 1.52–6.64).
Postoperative stroke and sepsis significantly reduced the
overall survival.

Discussion
We present a single-center retrospective study of CABG in
patients with ischemic cardiomyopathy, which represent 3.6%
of all CABGs performed at our hospital during this period. Our
study showed that mid-term outcome of CABG was excellent
with 5-year survival approaching 80%, but offset by high
perioperative mortality and morbidity. The composite outcome
of operative mortality and morbidity was 17.4%. This finding is
similar to other studies in ischemic cardiomyopathy.9,10

The early mortality was higher than reported in many
studies and trials.1,11,12 There are several reasons for this.
Ours is a tertiary referral hospital where the sickest of
patients are referred for management. By policy, we do not
reject any patients based on frailty or poor coronary anatomy
or comorbidity. Five patients out of 19 expired were taken up
as salvage or emergency surgery. The mean EuroSCORE II for
the expired patients was 7.48�5.76, meaning that majority of
patients who died after surgery were in the high-risk group.

Best strategy for revascularization in ischemic cardiomy-
opathy is debatable. Both ROOBY (Randomized On/Off
Bypass)13 and CORONARY trials (CABG Off or On Pump
Revascularization Study)14 did not show any substantial
benefit to off-pump technique for composite 30-day outcome.

Table 2. Univariate Predictors (Continuous Variables) for 30-
Day Mortality

Variables

Alive
n (%)

Died
n (%)

P Value143 (%) 19 (%)

EuroSCORE II 4.36�4.49 7.48�5.76 0.033*

Number of grafts 4.09�0.903 4.05�0.85 0.862

Pump time 104.48�27.22 129.87�44.82 0.05*

Cross-clamp time 50.36�16.81 49.50�11.49 0.813

n indicates sample size.
*Significant P≤0.05.
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However, large retrospective studies have shown significant
reductions in 30-day mortality and operative mortality, and
with a significantly lower incidence of reoperation for bleed-
ing, mediastinitis, perioperative transfusion, prolonged

mechanical ventilation, and duration of intensive care unit
stay15,16,17 in off-pump CABG. The risk profile of both off-
pump group and on-pump group was similar in our study. Even
though statistically insignificant, we found a tendency to

Table 3. Univariate Predictors for Mid-Term Mortality

Variables

Alive
n (%)

Died
n (%)

Univariate Analysis

OR (95% of CI) P Value130 (%) 32 (%)

Age

<55 y 51 (39.2) 6 (18.8) 2.80 (1.08–7.27) 0.03*

>55 y 79 (60.8) 26 (81.3)

Sex

Men 120 (92.3) 27 (84.4) 0.22 (0.70–7.03) 0.17

Women 10 (7.7) 5 (15.6)

Urgency of surgery

Elective 102 (78.5) 25 (78.1) 1.00 0.11

Urgent 20 (15.4) 2 (6.3) 0.41 (0.09–1.86)

Emergency 8 (6.2) 5 (15.6) 2.55 (0.77–8.47)

Diabetes mellitus, y 85 (65.4) 26 (81.3) 2.29 (0.88–5.98) 0.08

Hypertension, y 78 (60) 18 (56.3) 0.86 (0.39–1.87) 0.70

MI, y 94 (72.3) 27 (84.4) 2.07 (0.74–5.78) 0.16

Myocardial viability, y 112 (86.2) 27 (84.4) 0.87 (0.30–2.55) 0.80

Congestive heart failure, y 13 (10) 10 (31.3) 4.09 (1.60–10.49) 0.002*

Carotid stenosis, y 21 (16.2) 6 (18.8) 1.20 (0.44–3.27) 0.72

Renal dysfunction, y 30 (23.1) 9 (28.1) 1.30 (0.55–3.12) 0.55

COPD, y 18 (13.8) 4 (12.5) 0.89 (0.248–2.84) 1.00

PVD, y 19 (14.6) 6 (18.8) 1.35 (0.49–3.71) 0.56

Smoker, y 35 (26.9) 7 (21.9) 0.76 (0.30–1.91) 0.56

CABG

With pump 73 (56.2) 25 (78.1) 2.79 (1.13–6.91) 0.02*

Without pump 57 (43.8) 7 (21.9)

IABP support, y 14 (10.8) 8 (25) 2.76 (1.04–7.31) 0.04*

Perioperative MI, y 6 (4.6) 4 (12.5) 2.95 (0.78–11.16) 0.21

LIMA grafts, y 127 (97.7) 32 (100) 0.000 0.89

Postoperative stroke, y 2 (1.5) 2 (6.3) 4.27 (0.58–31.52) 0.37

Postoperative renal dysfunction, y 26 (20) 18 (56.3) 5.14 (2.27–11.68) <0.001*

Inotropic support, y 124 (95.4) 31 (96.9) 1.5 (0.17–12.92) 1.00

Sepsis, y 35 (26.9) 17 (53.1) 3.08 (1.39–6.81) 0.004*

Mediastinitis, y 6 (4.6) 6 (18.8) 4.77 (1.43–15.96) 0.006*

Postoperative EF

Improved EF 127 (97.7) 22 (68.8) 19.24 (4.90–75.52) <0.001*

No improvement of EF 3 (2.3) 10 (31.3)

CABG indicates coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; EF, ejection fraction; IABP, intra-aortic balloon pump; MI, myocardial infarction; LIMA, left
internal mammary artery; n, sample size; OR, odds ratio; PVD, peripheral vascular disease.
*Significant P≤0.05.
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better outcome of early mortality in patients who underwent
off-pump CABG compared with on-pump CABG. Reduced
transfusion requirement, better renal and myocardial protec-
tion, decreased neurological dysfunction are some of the
factors thought to be associated with improved early
outcomes with off-pump CABG in patients with depressed
LV function.18–20 However, this advantage was not seen in the
long-term; both groups showed similar survival at 5 years
(Figure 4).

In this study group, 68.5% patients had diabetes mellitus
compared with 39.9% reported in STICH trial.1 Diabetes
mellitus is usually associated with diffuse and severe coronary
artery disease, with a tendency for early calcification.21 Poor
quality of target vessels is considered by some to be a
contraindication to CABG even if the patient has angina.22,23

Moreover diabetes mellitus leads to general frailty, chronic
kidney disease, and worsens the left ventricular function; all
these factors can potentially increase the perioperative
morbidity and mortality.24,25 Combination of low cardiac
output and poor glycemic control also increases the chance of
developing mediastinitis.26 Mediastinitis was seen in 7.4% of
patients which was significantly >0.9% patients developing
mediastinitis in routine CABG cases in our center.

In India, we do not have a system of public reporting of
results of cardiac surgery nor a central registry or database.
Hence, we relied on EuroSCORE II for assessing the risk
profile of patients.27 Even though it is still not well validated in

Indian patients,28 it is important to measure risk adjusted
mortality to ensure the quality of healthcare delivery.29 The
mean EuroSCORE II of the entire cohort was 4.7�4.7;
however, the observed mortality was 11.7%. There could be
many reasons for this increased observed mortality compared
with the expected result. Risk scoring systems are most
reliable when the patient characteristics and quality of
healthcare delivery are comparable with those on which the
system originated.29 Also; EuroSCORE II does not take into
account the poor quality of target coronary arteries, often
seen in diabetic mellitus patients.30 Probably a combination of
EuroSCORE II with SYNTAX score would have better predicted
the operative risk.30

Table 4. Univariate Predictors (Continuous Variables) for
Mid-Term Mortality

Variables

Alive
n (%)

Died
n (%)

P Value130 (%) 32 (%)

EuroSCORE II 4.38�4.69 6.12�4.79 0.63

Number of grafts 4.10�0.92 4.03�0.78 0.70

Pump time 105.86�27.97 115.68�40.29 0.27

Cross-clamp time 50.82�17.35 48.21�10.85 0.54

n indicates sample size.

Table 6. Follow Up

Variables

Alive (n=130)
n (%)

110 (%)

Heart failure 19 (14.6)

Angina 1 (0.8)

Myocardial infarction 1 (0.8)

Renal dysfunction 6 (4.6)

Dialysis 2 (1.5)

Stroke 3 (2.3)

Revascularizations 1 (0.8)

New onset disease 7 (5.4)

n indicates sample size.

Table 5. Multivariate Predictors for Mid-Term Mortality

Variables

Multivariate Analysis

OR (95% of CI) P Value

Postoperative EF 25.20 (5.40–117.55) <0.001*

Postoperative renal dysfunction 5.64 (2.15–14.80) <0.001*

Mediastinitis 4.79 (1.17–19.57) 0.03*

Sepsis 3.16 (1.21–8.26) 0.02*

EF indicates ejection fraction; OR, odds ratio.
*Significant P≤0.05.

Figure 3. In overall survival analysis of patients after coronary
artery bypass grafting with severe left ventricular dysfunction with
mean survival time 2501.63�96.85 was plotted in the graph
using Kaplan–Meier estimator. One-year survival: 88.1% and
numbers at risk: 127; 3-year survival: 84.5% and numbers at risk:
79; 5-year survival: 81.5% and numbers at risk: 51; 9-year survival
65.5%.
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In spite of the high early composite outcome, the late
results were excellent with 80% survival in 5 years. There
could be many reasons for this. Left internal mammary
artery was used to bypass left anterior descending artery in
98.12% (159/162) patients. Use of left internal mammary
artery has shown survival advantage even in patients with
severe LV dysfunction.31 Another reason could be the
younger age at the time of CABG in this study group
compared with western patients; 35% of patients were aged
<55 years.

Table 7. Impact of Variables on Overall Survival-Time to
Event Analysis (n=162)

Variables Mean�SE P Value

Age

≤55 y 2811.50�121.92 0.02*

>55 y 2275.12�126.79

Sex

Men 2547.88�99.24 0.104

Women 2078.54�297.52

Urgency of surgery

Elective 2550.18�101.66 0.004*

Urgent 2766.40�221.52

Emergency 460.23�97.13

EuroSCORE II

<6 2574.27�102.28 0.10

≥6 2090.05�226.69

Diabetes mellitus

Yes 2397.86�117.84 0.14

No 2721.73�156.48

Hypertension

Yes 2523.42�125.54 0.53

No 2459.97�147.17

MI

Yes 2430.42�116.04 0.76

No 2684.10�165.01

Myocardial viability

Yes 2512.18�104.91 0.78

No 24.37.92�226.92

Congestive heart failure

Yes 1867.43�296.33 0.01*

No 2603.06�99.43

Carotid stenosis

Yes 2301.88�237.25 0.65

No 2520.48�104.58

Renal dysfunction

Yes 2270.44�211.94 0.39

No 2549.40�107.02

COPD

Yes 2604.98�206.22 0.67

No 2488.81�106.229

PVD

Yes 2230.49�260.10 0.71

No 2516.39�104.16

Continued

Table 7. Continued

Variables Mean�SE P Value

Smoker

Yes 2583.78�175.33 0.52

No 2452.58�115.51

CABG

With pump 2424.14�123.88 0.36

Without pump 1936.48�148.81

IABP

Yes 2021.70�290.76 0.03*

No 2578.08�100.01

Perioperative MI

Yes 1042.57�233.32 0.01*

No 2552.74�96.14

Postoperative stroke

Yes 426.00�173.44 0.01*

No 2529.16�96.04

Postoperative renal dysfunction

Yes 1916.35�201.00 <0.001*

No 2737.17�96.96

Inotropic support

Yes 2502.406�98.21 0.90

No 1831.00�282.38

Sepsis

Yes 2103.45�198.04 0.004*

No 2671.14�100.99

Mediastinitis

Yes 1889.94�280.04 0.05*

No 2565.18�99.13

Postoperative EF

Improved EF 2648.13�92.957 <0.001*

No improvement of EF 1101.123�350.85

CABG indicates coronary artery bypass grafting; COPD, chronic obstructive pulmonary
disease; EF, ejection fraction; IABP, intra-aortic balloon pump; MI, myocardial infarction;
n, sample size; OR, odds ratio; PVD, peripheral vascular disease.
*Significant P≤0.05.
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Lack of improvement of left ventricular function was a
strong predictor of late mortality in this study group. However,
this is in contrast to other studies32 that showed no
difference in survival after CABG between patients with left
ventricular ejection fraction improvement and patients with-
out. Low EF is associated with poor outcomes in medically
managed patients. Hence, it is not surprising that the patients
who did not show improvement of EF fared poorly compared
with patients who showed significant improvement in left
ventricular function. However, since the number of patients
were small, this is only a hypothesis generating finding.

India is ranked 121 among 191 World Health Organization
member countries in overall healthcare performance. Avail-
ability, accessibility affordability are the main challenges

facing the healthcare system in India.5,33 Only 3% to 4% of
population is covered by insurance and only 20% patients
receive treatment from public health facilities. Up to 80% of
patients bear their cost of treatment. Hence, economic
factors rather than evidence-based medicine, play a major
role in the decision-making algorithm. This is attested by the
fact that only 13.2% received IABP and only 4 patients
received automated implantable cardioverter-defibrillator
(AICD); all as secondary prophylaxis. None of the patients
received AICD for primary prevention.

Coronary revascularization and CABG are thought to be
particularly difficult in Indian patients because of a smaller
caliber of vessels, diffuse nature of disease, and tendency to
early calcification.3,4,21 This is attested by the fact that 11.2%
of patients required coronary endarterectomy in this study
group. In India, currently off-pump CABG surgery is performed

Figure 4. In event-free survival analysis, mean survival time was
1662.85�91.47 and 1-year survival was 89%, 3-year survival was
62.2%, 5-year survival was 43.8%. The graph was plotted using
Kaplan–Meier estimator.

Figure 5. The change in ejection fraction after CABG. CABG
indicates coronary artery bypass grafting; EF, ejection fraction;
LVEF, left ventricular ejection fraction.

Figure 6. In overall survival analysis, comparison of with pump
and without pump cases of patients after coronary artery bypass
grafting with severe left ventricular dysfunction with mid-term
mortality showed mean survival time of with-pump cases was
2424.14�123.88, 5-year survival 78.9% and without-pump cases
was 1936.48�148.81, 5-year survival 73.4% plotted in the graph
using Kaplan–Meier estimator with P value 0.356.

Table 8. Multivariate Analysis-Cox Regression

Variables Wald P Value HR (95.0% CI for HR)

Postoperative stroke 7.468 0.006* 9.37 (1.88–46.63)

Postoperative EF 24.050 <0.001* 7.08 (3.24–15.49)

Postoperative renal
dysfunction

9.448 0.002* 3.18 (1.52–6.64)

Sepsis 8.518 0.004* 3.01 (1.44–6.32)

Congestive heart failure 3.499 0.061 2.18 (0.964–4.91)

EF indicates ejection fraction; HR, hazard ratio.
*Significant P≤0.05.
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in >60% of patients undergoing surgery; mainly because of
shorter operative time and reduced procedure cost. This trend
was the main reason for increasing numbers of off-pump
CABG in our center. Like in many centers in India, off-pump
CABG is the standard of care in our institute and currently our
both elective and emergency conversion rate to on-pump is
only 3.2%.34 Economic reasons could explain a relatively low
number of cases who underwent surgery for ischemic
cardiomyopathy. Many patients may not be willing to undergo
surgery or are not referred for surgery because of economic
reasons or may prefer to undergo surgery at any public health
facility where the cost of treatment is free for the patient.

The burden of sepsis and, topically, Gram-negative sepsis is
unique to low- and middle-income countries. Healthcare
systems in low- and middle-income countries face unique
challenges in this domain ranging from preventive steps,
appropriate and early institution of anti-microbial (including a
need to ration use for propagating multi-drug resistant organ-
isms) and the scourge of multi-drug resistant and extremely
drug resistant microbes. A study on the exact impact of
infections on cardiovascular outcomes done at this center
showed that unadjusted 30-day mortality rates in patients who
suffered an infection in the immediate postoperative period was
26.8% as against 3.7% in those who did not (Sreelakshmi P
Leeladharan, personal communication, March, 2018). Although
this study was performed in serial patients presenting for
cardiac surgery in our center, and not specifically this cohort,
the staggering difference in outcomes speaks for itself. Sepsis
and its attendant consequences are therefore one of the key
factors that modify operative outcomes in this setting.

Our study has significant limitations. There were 12.5%
patients lost to follow-up. We were not able to calculate the
SYNTAX score because of non-availability of coronary
angiograms of many patients. Also; there are many potential
biases to a retrospective study design; the results might have
been affected by unmeasured confounding variables, proce-
dure bias, and detection bias. The results of outcome between
off-pump and on-pump group should be interpreted with
caution as the numbers in each group are small and could be
affected by selection bias. Coronary angiography was per-
formed only in symptomatic patients, and there was no
information about patency of coronary grafts in most patients.
We did not check angiograms on those patients who did not
show improvement of left ventricular function, so the reason
for non-improvement of left ventricular function is not clear.
However, our study has many advantages. To our knowledge,
it is the first study to examine the early and long-term
outcomes of CABG in ischemic cardiomyopathy in Indian
patients. The study also showed interesting differences in the
demographic profile of Indian patients compared with western
patients who dominate the current literature on CABG in
ischemic cardiomyopathy.

Conclusions
We showed that CABG in severe LV dysfunction was
associated with high early composite outcomes. There was
a trend towards better early outcomes in patients if the
surgery was done by the off-pump technique. However, the
late survivals were similar in both on-pump and off-pump
groups. In late survivors; 17% of patients continued to have
heart failure symptoms. We also showed that lack of
improvement in LV function was a strong predictor of late
deaths. Only a large multicenter trial will give dependable
evaluation of the outcomes of CABG in ischemic cardiomy-
opathy in Indian patients.

Disclosures
None.
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