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ABSTRACT

Background: Whether coronary artery bypass grafting
(CABG) should be performed on- or off-pump remains a
matter of debate. We aim to present our experience with off-
pump CABG. Early clinical outcome and adverse events were
analyzed over the time course of the study.

Methods: A total of 4310 patients undergoing isolated
off- pump CABG from January 2002 until December 2016
at the Malabar Institute of Medical Sciences in India were
included. Preoperative, intraoperative, and postoperative, as
well as follow-up data were prospectively collected. To ana-
lyze the differences of patient characteristics and outcomes
over time, five-year periods were created (early: 2002-2006;
middle: 2007-2011; late: 2012-2016). Traditional techniques
of quality control monitoring were applied.

Results: The mean age of our patients was 59 = 9 years,
and 13% (533) were female. Postoperative mortality was
observed in 0.7% (25), acute renal failure and stroke in
0.2% (8) each, and mediastinitis in 1.2% (53) of the patients.
Despite the progressive worsening of the patient risk profile,
significant improvement in mortality was observed over time,
while stroke, acute renal failure, and mediastinitis remained
similar. Continuous quality control monitoring revealed that
the system was within the control boundaries for the entire
period of the study. The current probability of 30-day mor-
tality or conversion to on-pump CABG is about 0.5%.

Conclusion: Off-pump CABG is safe and effective for
patients undergoing CABG. It can provide superior results
compared to on-pump CABG, particularly when performed
by a dedicated off-pump surgeon.

INTRODUCTION

There is much controversy surrounding the methods of
performing coronary artery bypass grafting (CABG). The
question of whether CABG should be performed on- or
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off-pump remains unanswered [Deppe 2016]. Several com-
parative studies and multicenter trials have surfaced. Benefits
of oft-pump CABG in terms of death, myocardial infarction
(MI), and stroke are related to patient risk profile, suggesting
that off-pump CABG should strongly be considered in high-
risk patients [Kowalewski 2016]. However, in low risk groups,
there has been no superiority shown for either technique at
long term follow-up [Lamy 2016].

In 2002, our unit adopted off-pump CABG as the proce-
dure of choice for coronary revascularization. As it is a single
surgeon center, there are more technical constants than in a
teaching hospital, where more surgeons operate. Previously,
we published details regarding our off-pump technique and
how we avoid conversions, and the role of the intra-aortic
balloon pump (IABP) [Vettath 2016; Vettath 2013]. Although
the safety and the efficacy in off-pump CABG have been
reported to be comparable to on-pump CABG, off-pump
CABG is a more of a skill based procedure. Hence, the results
in different centers have not been unanimous.

We have not been performing on-pump CABG for the
past ten years, and therefore we could not benchmark against
it. Over the years, we have worked to improve the outcomes
of our off-pump CABG patients, and to maintain a low level
of adverse events. In this article, we would like to present our
experience with off-pump CABG. Early clinical outcomes
and adverse events were analyzed over the time course of the
study, and traditional techniques of quality control monitor-
ing were applied.

PATIENTS AND METHODS

Study Population

From January 2002 until December 2016, patients were
referred to the senior author (Murali Prabhakaran Vet-
tath) for surgical treatment of coronary artery disease at
the Malabar Institute of Medical Sciences (MIMS) in India.
Over the 15-year period, 4310 patients underwent isolated
off-pump CABG. Preoperative, intraoperative, and post-
operative outcomes and follow-up data were collected pro-
spectively, and retrospectively analyzed. To analyze the dif-
ferences of patient characteristics and outcomes over time,
five-year periods were created. Patients that were operated
on from 2002 until 2006 were in the early period, 2007-
2011 in the middle period, and 2012-2016 in the late period.
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Table 1. Baseline Demographics and Patient Characteristics Across Periods

2002-2006 2007-2011 20122016
(n =1063) (n = 1536) (n=171) p! p2 [

Age (years) 56.7 + 9.1 59.1+ 8.6 59.9 + 8.6 <.001 <.001 017
>70 (n, %) 57 (5.4) 131 (8.5) 175 (10.2) .002 <.001 .098
Male (n, %) 925 (87.0) 1363 (88.7) 1489 (87.0) 184 .99 136
Active smoker (n, %) 94 (8.8) 99 (6.4) 95 (5.6) 022 .001 284
Diabetes (n, %) 610 (57.4) 896 (58.3) 992 (58.0) 630 759 838
3vD (n, %) 781 (73.5) 111 (78.8) 1402 (81.9) .001 <.001 026
LMD (n, %) 21 (11.4) 252 (16.4) 473 (27.6) <.001 <.001 <.001
Previous MI (n, %) 267 (25.1) 301 (19.6) 377 (22.0) .001 061 .088
Recent (n, %)* 6 (5.9) 74 (4.8) 212 (12.4) 21 <.001 <.001
LV EF (%) 55.6 + 10.6 53.5+10.8 53.3 + 11.5 <.001 <.001 895
<50 (n, %) 243 (22.9) 368 (24.0) 419 (24.5) 516 328 725
<35 (n, %) 93 (8.7) 190 (12.4) 236 (13.8) .004 <.001 230
Hypertension (n, %) 601 (56.5) 735 (47.9) 1027 (60.0) <.001 .070 <.001
Dyslipidemia (n, %) 265 (24.9) 220 (14.3) 365 (21.3) <.001 .028 <.001
COPD (n, %) 72 (6.8) 73 (4.8) 107 (6.3) 027 588 062
Creatinine (mg/dL) 1.1+03 12+0.6 12+0.7 .004 <.001 287
CRF (n, %)t 6 (0.6) 18 (1.2) 51 (3.0) M <.001 <.001
Dialysis (n, %) 0(0.0) 4(0.3) 29 (1.7) .09 <.001 <.001

3vD indicates three vessel disease; COPD, chronic obstructive pulmonary disease; CRF, chronic renal failure; EF, ejection fraction; LMD, left main disease; LV,

left ventricle; Ml, myocardial infarction.

*Myocardial infarction occurring within two weeks of surgery; tPreoperative serum creatinine 2.3 mg/dL or dialysis.

P'-value: early versus middle cohort. P*value: early versus late cohort. P*-value: middle versus late cohort.

The procedures followed were in accordance with the ethi-
cal standards of the Helsinki Declaration (1964, amended
most recently in 2008) of the World Medical Association.
The study design conforms to the ethical standards cur-
rently applied in India.

The patient’s written consent form was not obtained due
to the retrospective nature of the study. The indication for
surgery was significant flow-limiting coronary artery stenosis
involving one or more of the major coronary arteries that
was not suitable for percutaneous coronary intervention,
accompanied either by angina refractory to medical therapy,
targeted myocardial viability, inducible ischemia, or history
of life-threatening arrhythmia. A single-surgeon practice was
used to prevent variability in surgical technique from caus-
ing bias in data interpretation, and to avoid problems with
missing data. The intention to treat for the entire cohort was
off-pump CABG. Some patients were converted to on-pump
either during anesthesia induction, assessment of the heart,
or coronary grafting. Patients converted to on-pump CABG
were not excluded from the analysis. Combined procedures
involving other cardiac pathologies, such as combined valve
replacements with CABG, or other surgical pathologies
which required interventions, were not included
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Off-Pump Coronary Artery Bypass Grafting

Standardized protocol for off-pump CABG developed
at MIMS was followed. It included a discontinuation of all
blood pressure-lowering medication on the morning of sur-
gery (including beta blockers). Every patient had a femoral
arterial line and a central venous line introduced prior to the
commencement of the procedure under general anesthesia.
Bearing in mind that inotropes will only make an ischemic
heart more ischemic, we substituted intraoperative use of
inotropes with atropine, to increase heart rate and maintain
hemodynamic stability. If atropine proved to be insufficient,
and in case of hemodynamic instability at any time during the
procedure, the femoral line was used for a sheath-less inser-
tion of an TABP prior to initiation of inotropes.

If malignant ventricular arrhythmias occurred, they were
treated by direct current shock, an intravenous lidocaine bolus, and
the introduction of an amiodarone infusion. Plasma electrolytes
and pH balance were maintained in the normal range. During
distal grafting, temporary lowering of head, volume resuscitation,
and intravenous administration of atropine were used to achieve
target mean arterial blood pressure > 80 mmHg. The IABP was
used only if the patient developed hemodynamic compromise, and
was used only prior to initiation of any inotropes. In our earlier
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Figure 1. Cumulative sum (CUSUM) chart of 30-day mortality or con-
version to on-pump coronary artery bypass grafting with alarm, alert,
and reassurance boundary lines, and three predefined study periods
(early: 2002-2006; middle: 2007-2011; late: 2012-2016).

experience, once JABP was placed, it was kept in for 24 — 48 hours.
Since 2008, all the patients who had IABP inserted had it removed
prior to exiting the operating theatre.

After pericardiotomy, cardiac manipulation was avoided
and only the left anterior descending artery (LAD) was
inspected and palpated. Patients were fully heparinized and
converted with protamine sulfate after grafting was com-
pleted. Warm saline-soaked gauze pads were used to position
the heart. Occasionally, a deep pericardial stay suture was used
to aid in the positioning of the heart. Various types of stabiliz-
ers, blowers, and mist blowers were used over the years to aid
in the stabilization of the heart. We have also developed our
own reusable stabilizer: the Simple Indian Made Stabilizer
(SIMS). Video 1 (https://vimeo.com/268972240) shows the
SIMS being used for LIMA to LAD anastomosis, and video
2 (https://vimeo.com/268972342) shows the anastomosis of
a vein graft to an intramuscular obtuse marginal branch of
circumflex using SIMS. The SIMS can be used as a suction
stabilizer or as a mechanical stabilizer without suction.

Complete revascularization was attempted in all patients.
First, the LAD grafting was attempted, preferably with the
left internal mammary artery (LIMA). After grafting the
LAD, the heart was lifted and the remaining target ves-
sels were assessed and grafted either with venous or arterial
conduits. Then the top end anastomoses were performed.
Occasionally, in case of a severely calcified aorta the Vet-
tath’s Anastomotic Obturator (VAO) was used to aid in the
performance of the proximal anastomosis, without using the
side clamp (Figure 3 shows the top end anastomosis in prog-
ress; video 3 (https://vimeo.com/268972415) shows two top
end anastomosis of vein graft being performed using VAO).
After the procedure, the patients were taken to the cardiac
intensive care unit.

Postoperative Outcome Definitions
The following outcomes were looked at in the early post-
operative period. Operative mortality was defined as death
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Figure 2. Probability of 30-day death or conversion to on-pump coro-
nary artery bypass grafting by the chronological sequence number of
patients for the entire patient cohort with three predefined study peri-
ods (early: 2002-2006; middle: 2007-2011; late: 2012- 2016).

during the indexed hospitalization, regardless of the length
of stay, or any death within 30 days of surgery. Mediastini-
tis was considered as any culture-positive infection involving
the muscle, sternum, or mediastinum leading to instability,
exploration, and debridement of the wound, and requiring
antibiotics for treatment. Stroke was defined as a new, central
neurological deficit persisting for more than 24 hours. Acute
renal failure was defined as a new need for hemodialysis.
There were no patients lost to follow-up, and the final dead
or alive status was determined for all patients.

Statistical Analysis

The continuous data are presented as mean values + standard
deviation (SD) for normally distributed variables, or medians
with interquartile range (IQR) otherwise. Categorical variables
are presented as frequency and proportions, and compared
with the Pearson y* or Fisher’s exact test when frequency is
less than 10. Differences between means were tested using the
Independent-Samples T Test or Mann-Whitney U test, where
appropriate. When comparing continuous data across the three

Figure 3. The top end anastomosis in progress.
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Table 2. Operative Data Across Periods

2002-2006 2007-20M 2012-2016

(n=1063) (n=1536) (n=171) P P2 P3
Grafts per patient 2.9+1.1 3.0+0.9 3.0+0.8 413 .825 713
Arterial 0.76 + 0.43 0.82 £ 0.40 0.84+0.38 .002 <.001 154
Venous 22+1.2 22+10 2.1+0.8 975 252 .283
LIMA (n, %) 807 (76) 1245 (81) 1422 (83) .002 <.001 27
IABP (n, %) 18 (1.7) 19 (7.7) 70 (4.1) <.001 <.001 <.001
Conversion (n, %) 18 (1.7) 1(0.1) 0 (0) <.001 <.001 473

IABP indicates intra-aortic balloon pump; LIMA, left internal mammary artery.

P'-value: early versus middle cohort. P>-value: early versus late cohort. P*-value: middle versus late cohort.

time periods, analysis of variance using the One-Way ANOVA
procedure was performed. To determine which means differed,
a post hoc Tukey’s honestly significant difference test was used.

Binary logistic regression analysis was used to explore how
the rate of procedural failure decreased over the chronologi-
cal patient sequence number, and to provide current proce-
dural failure estimates. The definition of procedural failure
for each operation was 30-day mortality or conversion to on-
pump CABG. The results of binary logistic regression analy-
sis were presented as odds ratio (OR) with 95% confidence
intervals (CI). Graphical analysis was then performed by plot-
ting the probability of procedural failure versus the chrono-
logical sequence of each case (experience). The P-value was
set at less than .05 to detect statistical significance. Statisti-
cal analysis was carried out using the statistical software IBM
SPSS Statistics {BM Corp: Armonk, NY).

A cumulative sum (CUSUM) quality control chart of
sequential monitoring was created to evaluate the proce-
dural success/failure rate over time associated with off-pump
CABG. The definition of procedural failure was the same as
the one used in the binary logistic regression analysis (30-day
mortality or conversion to on-pump CABG). The statistical
principles were adapted from the comprehensive tutorial by
Rogers et al [Rogers 2004]. To describe it briefly, CUSUM is
a graph of the cumulative number of failures over experience.
The cumulative number of failures either remains unchanged
in case of procedural success, or increases if a failure occurs.

Immediate visual interpretation of the graph is aided
with control boundary (alarm, alert and reassurance) lines.
Upper control lines are constructed to detect an increase in
failures to the unacceptable rate. If the graph intersects the
lower boundary (reassurance) line it can be concluded that
the failure rate is less than or equal to the acceptable, and the
performance is considered proficient. When a graph remains
between these boundaries, the evidence remains inconclusive,
and monitoring should continue. The probability of false-
positive, type I error (o) and false-negative, type II error (B)
were set at 1% for the alarm and 5% for the alert and reas-
surance lines. Acceptable failure rate was set at 2.5%, while
unacceptable was 5%.
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RESULTS

Entire Cobort

The mean age of the 4310 patient cohort was 59 = 9 years,
and 13% (533) were female patients. Most of the patients,
79% (3394) had triple vessel disease. The mean ejection
fraction of the left ventricle for the entire cohort was 54 =
11%, and 22% (945) had previous myocardial infarction.
Common comorbid conditions were diabetes in 58% (2498)
of the patients, and hypertension in 55% (2363). On average,
a patient received 3.0 = 0.9 grafts: 0.8 = 0.4 arterial and 2.1
= 1.0 venous. The left internal mammary artery was used in
81% (3474) of cases. In 4.8% (207) of the patients, IABP was
used to maintain hemodynamic stability. Some patients (0.4%
[19]) were converted to on-pump CABG. The 30-day mortal-
ity of the entire cohort was 0.6% (25). Eight patients (0.2%)
developed postoperative stroke. Mediastinitis occurred in
1.2% (53) of the patients, and acute renal failure in 0.2% (8).

Outcomes Across Periods

Preoperative demographics and patient characteristics
across the three time periods are described in Table 1. A sig-
nificant increase from the early (2002-2006) to the late (2012-
2016) period can be observed for age, severity of coronary
pathology (triple vessel disease and left main disease), recent
myocardial infarction, renal disease (creatinine, chronic renal
failure, and dialysis), and left ventricular impairment, whereas a
decrease of the number of active smokers and dyslipidemia was
observed. Intraoperative data are provided in Table 2. The aver-
age number of grafts per patient did not differ significantly over
time. An increase in the number of arterial grafts, left internal
mammary artery use, and IABP use was observed in the late
period when compared to early, whereas conversions decreased.
Postoperative outcome data are provided in Table 3. Significant
differences between time periods were observed for mortality,
but stroke, acute renal failure, and mediastinitis were similar.

Analysis of Procedural Failure Over Time
As mentioned previously, the overall 30-day mortality
rate was 0.6% (25), and the conversion rate was 0.4% (19).



Table 3. Postoperative Outcome Comparison Across Periods

Improvements with Off-Pump Coronary Artery Bypass Grafting—Vettath et al

2002-2006 2007-2011 2012-2016
(n = 1063) (n = 1536) (n=171) i P2 [
Stroke (n, %) 1(0.1) 1(0.1) 6 (0.4) 1,000 262 128
ARF (n, %) 1(0.1%) 3(0.2) 4(02) 649 655 1.000
Mediastinitis (n, %) 12 (1.1%) 15 (1.0) 26 (1.5) 707 389 166
Mortality (n, %) 10 (0.9) 2 (0.1) 13 (0.8) .005 609 .008

ARF indicates acute renal failure.

P'-value: early versus middle cohort; P>value: early versus late cohort; P*-value: middle vs late cohort.

This was used to calculate the procedural failure rate of 1%
(43), which was defined as 30-day mortality or conversion to
on-pump CABG. The CUSUM chart for the entire cohort
of 4310 patients is presented in Figure 1. The chart shows
that the cumulative failures remain well below the alarm line,
which set out to detect an increase in procedural failure from
the acceptable 2.5 to the unacceptable 5% with 99% confi-
dence. Overall, the failure rate is less than or equal to 2.5%,
and the performance is considered proficient. In the early
period, around the experience of 200 cases, the CUSUM line
touches the upper boundary Alert line, indicating a possible
increase in failure rate to 5% with 95% confidence.
Increasing patient sequence led to a significant decrease
in odds of procedural failure (OR=1.000, 95% CI 0.999 to
1.000; P < .001). For each case, the odds of procedural fail-
ure decreased by 0.05%. Figure 2 displays a progressively
decreasing probability of procedural failure over chrono-
logical patient sequence. Significant differences in the mean
probabilities of failures were observed between periods for all
comparisons. The extent of decline in probability was 1, 0.7,
and 0.4% for the early, middle, and late periods, respectively.

Our study presents a large series of off-pump CABG
patients undergoing operation at a single center in India. The
entire 4310 patient cohort was referred to a single surgeon
dedicated to off-pump CABG. Excellent early clinical end-
points, including operative mortality, stroke, acute renal fail-
ure, and mediastinitis were observed over the time course of
the study. We identified a clear improvement in outcome over
time, despite the progressive worsening of the risk profile of
the patients.

The evolution of less invasive techniques for heart surgery
led to the resurfacing of off-pump CABG around the turn
of the century, with aims to decrease perioperative complica-
tions that could possibly be related to the use of CPB and
to cross-clamping of the aorta. In 2002, we started perform-
ing off-pump CABG at MIMS. Ever since then, it has been
adopted as the procedure of choice for patients referred to us
with coronary artery disease. Initially, we restricted this pro-
cedure to patients requiring fewer grafts. We also limited the
procedure to those with certain comorbidities such as renal
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failure, calcified aorta, cerebrovascular disease, and other
cases where we thought that the use of CPB might be con-
traindicated. Presently, we have operated on =4500 coronary
patients without the use of CPB. The most recent conversion
to on-pump CABG was in 2007. What we find to be crucial in
the prevention of going on pump is the appropriate usage of
TABP, as we described previously [Vettath 2013].

In 2009, off-pump procedures accounted for 21% of
CABG in the United States, according to the data available
from the Society of Thoracic Surgeons adult cardiac surgery
database [ElBardissi 2012]. These rates are similar to the ones
reported in 2011, in the 4th European Association for Car-
dio-Thoracic Surgery adult cardiac surgery database report
[Bridgewater 2011]. Unlike in Europe and the United States,
the rate of off-pump CABG is known to be relatively high in
India [Saha 2014]. The importance of beating heart surgery
and the associated cost reduction of CABG is even greater in
India than what it is in Europe or the United States, consider-
ing the country’s limited resources and poor health insurance
coverage [Saha 2014].

Off-pump CABG surgery has always been a skill-based
procedure with an extensive learning curve. Hence, the
results have not been consistent across centers or within a
center at various points in time. Despite these limitations, our
results have improved over the years. Previously, after audit-
ing our results, we noticed that our learning curve for off-
pump CABG extended beyond the first 500 patients [Vettath
2016]. This can easily be confirmed when looking at Figure
2. The greatest drop in probability of procedural failure was
observed during the early period of the study, which extends
further than the initial 500 cases. The probability of 30-day
mortality or conversion to on-pump for the most recent
period of our study is 0.5%.

The unique technical challenges associated with off-pump
CABG have raised concerns about a possible worse outcome
during the adoption process of the technique [Song 2003].
The learning curve associated with the adoption of a new
surgical technique shows the steepest slope during the ini-
tial stages of the adoption process. Absence of our own on-
pump CABG patients prevented us from having a benchmark
against it. Therefore, a technique of sequential quality con-
trol monitoring helped us visualize the success/failure rate
over time. Compared to other studies, the bar to detect a
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system out of control was set much higher in our study [Murzi
2012; Novick 2002]. Albeit, the failure rate observed in our
study was below the upper boundary line for the entire period
of monitoring. Following the experience of about 600 cases,
the CUSUM line intersected with the reassurance boundary
line and remained well below it for the remaining duration
of monitoring.

Generally, the operative (30-day) mortality of on-pump
CABG is about 2%. An additional 5 to 7% of patients are
considered to have myocardial infarction, stroke, and renal
failure requiring dialysis. Early initiation of IABP lead to
an improvement in clinical outcome of our patients, with a
significant reduction in conversion rate, perioperative MI
and renal failure [Vettath 2016]. The standardization of the
approach to a patient with ischemic heart disease and how
we do off-pump CABG has consistently brought down the
operative (30-day) mortality rate of our patients, lowering it
to less than 1%, which is superior to 30-day results published
in large randomized controlled trials to date [Diegeler 2013;
Houlind 2012; Shroyer 2009].

Recently, Varma et al published their 11-year experience
with 4024 primary isolated on-pump CABG from a neigh-
boring center in India, the Sree Chitra Tirunal Institute for
Medical Sciences and Technology (SCTIMST) [Varma 2014].
The SCTIMST is a teaching hospital where several surgeons
operate. In their study, they report on early outcomes of
patients from the same region and period, and with a similar
profile as the ones in our off-pump cohort. Their reported
30-day mortality and the need for new onset hemodialysis was
higher (2.2 and 0.5%, respectively). Stroke rate was similar,
and mediastinitis (0.7%) was lower.

Several observational studies comparing off-pump to on-
pump CABG have already been published. More recently,
randomized controlled trials have also emerged. One would
expect that the debate of superiority has been concluded,
however, that is far from true. Lower rates of long-term sur-
vival associated with off-pump CABG have been reported in
some nonrandomized trials [Kim 2014]. Studies reporting on
lower rates of long-term survival together with those report-
ing on higher rates of repeat revascularization were the basis
of the suggestion of some authors that off-pump CABG be
abandoned [Lazar 2013; Hannan 2007].

As for the evidence available from randomized trials, the
largest randomized trial to date is the CABG Off or On
Pump Revascularization Study (CORONARY), involving
4752 patients recently reported on five-year follow-up [Lamy
2016]. Although the early 30-day outcome in the CORO-
NARY study showed fewer grafts in the off-pump group and
higher rate of incomplete revascularization, at five years there
was no significant difference in any outcome, and the authors
concluded that both procedures are equally effective and safe
[Lamy 2016; Lamy 2012]. The results were consistent even
among patients who crossed over to the other procedure or
received an incomplete revascularization during their CABG
procedure [Lamy 2016]. Other large randomized controlled
trials comparing off-pump and on-pump CABG were pub-
lished, though they have not reported on long-term outcomes

[Diegeler 2013; Houlind 2012; Shroyer 2009].
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Recently, two articles were published comparing survival
of patients undergoing on-pump and off-pump CABG. Smart
et al state in their study that, “Statistically, on-pump CABG
appeared to offer superior long-term survival, although the
clinical significance of this may be more uncertain” [Smart
2018]. Again, Shroyer et al showed that “Off-pump CABG
led to lower rates of 5-year survival and event-free survival
than on-pump CABG” [Shroyer 2017].

In spite of so many publications not supporting off-pump
CABG surgery, we have been able to show that in the proper
hands, off-pump CABG not only delivers lower mortality, but
also reasonable long term survival.

Our study has several limitations. It is a retrospective anal-
ysis of observationally collected data, and thus, there might
have been selection bias in choosing off-pump in performing
CABG. To address this, we included all the patients undergo-
ing off-pump CABG during a predefined period. The study
reflects the practice of a single surgeon over a period of 15
years, and the evolution in the complexity of patients. Teach-
ing institutions and centers where multiple surgeons oper-
ate might face more difficulty in achieving the same results.
Over the time of the study, early postoperative management
of patients in the intensive care unit must have evolved, con-
tributing to the decrease in mortality. Our study results do
support the use of off-pump CABG for the surgical treatment
of coronary artery disease, but a direct comparison between
off- and on-pump CABG was not feasible.

In conclusion, the results of our study report excel-
lent short term outcomes of off-pump CABG. Low rates of
adverse events were maintained throughout all three study
periods, despite progressive worsening of the patient profile
over time. Considering our hospital setup, the importance of
a dedicated off-pump surgeon is emphasized. We advocate
for the off-pump approach in patients undergoing surgery for
coronary artery disease, particularly in situations when it is
done by a dedicated off-pump surgeon.
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