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Background: Currently, off-pump coronary artery bypass (OPCAB) grafting has been the standard procedure
for surgical revascularization in patients with coronary artery disease (CAD). This study aimed to examine the safety
and applicability of OPCAB compared with on-pump coronary artery bypass (ONCAB) in patients with severely
dilated left ventricle.

Methods: A retrospective study of giant left ventricle patients [left ventricular end diastolic diameter (LVEDD)
> VE mm] undergoing coronary bypass grafting from 2009 through 2015 at a single center was conducted.
Preoperative and intraoperative risk factors, and postoperative outcomes were analyzed. Survival analysis was
carried to analyze survival rate during follow-up.

Results: A total of 24 patients underwent ONCAB, and 26 underwent OPCAB. Both groups had similar
preoperative profiles. Two cases from each group died during in-hospital time. In comparison to OPCAB, there was
longer operation and post-surgery intubation time and more renal dysfunction in ONCAB group (P<0.05). One-
year survival between OPCAB and ONCAB were not significantly different (87.5% vs. 92.3%, P>0.05).
Conclusions: OPCAB is a safe and feasible alternative for CAD patients with giant left ventricle, offering a

significant advantage over ONCAB with regards to renal function, operation duration and length of ventilation.
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Introduction the huge advancement of percutaneous revascularization,

bypass surgery is still a treatment of choice in most patients

ronary artery di AD) i major f . .
Coronary artery disease (CAD) is the major cause o with coronary disease. To large extent, the surgery reduces

mortality in the world. Atherosclerotic disease of the the recurrence of myocardial ischemia and the demand of

epicardial coronary arteries is an excessive, inflammatory- revascularization (2). For elderly patients and patients with

fibroproliferative response (1), leading to narrowing of the diabetes mellitus, renal insufficiency, poor left ventricular

lumen of these vessels and subsequent reduction of blood
supply to the myocardium, resulting in myocardial ischemia,

acute myocardial infarction (MI) and often death. Despite
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ejection fraction (LVEF) (<35%), peripheral vascular
disease, left main CAD and chronic obstructive pulmonary
disease (COPD), off-pump coronary artery bypass (OPCAB)
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grafting is associated with lower operative combination and
mortality than on-pump coronary artery bypass (ONCAB)
(3-6). For patients with giant left ventricle, few reports
are available (7). The objective of this retrospective study
was to examine the safety and applicability of OPCAB in
patients with giant left ventricle and to discuss the clinical
implications for surgical methods.

Methods
Study patients

A total of 50 patients with severely dilated left ventricle [left
ventricular end diastolic diameter (LVEDD) > VE mm]
underwent isolated myocardial-revascularization from 2009
through 2015 were included. This study was approved by
the Regional Ethics Committee of Shanghai Jiao Tong
University and informed consents were obtained from all
patients. Patients were received either ONCABG (n=24)
or OPCAB (n=26). All the operations were performed by
same surgical team. Routinely, we offered patients aspirin,
B-block, low fraction heparin for poor cardiac function
patient and positive inotropic agents were administrated
before surgery.

Surgical procedures

Surgery was carried out via a median sternotomy either with
cardiopulmonary bypass (CPB) or the off-pump technique.
ONCAB was practiced with administration of cardio-
pulmonary bypass technique and proximal anastomosis
was finished with cross-clamping of the aorta. To achieve
an active clotting time (ACT) in excess of 480 s with
additional heparin as required, systemic heparinisation was
given (3 mg/kg). After the aortic and atrial cannulation was
accomplished, the locations of planned distal anastomoses
were marked with a scalpel. To arrest the heart in diastole,
antegrade cold blood (4 °C) cardioplegic solution was
administered via aortic root and grafts. And the ice was
positioned to the epicardium to protect the myocardium.
Arteriotomy sites should be chosen proximal enough to
offer the largest-sized coronary target but distal enough
to avoid areas of obstruction or significant atherosclerotic
disease. After the accomplishment of the last distal
anastomosis, the patient was separated from CPB when the
patient’s temperature was greater than 36.5 °C. Then, the
protamine sulfate was administered to reverse the additional
heparin. The sternum was closed after surgical field was
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carefully stanched.

For OPCAB procedure, systemic heparinisation was
administered (0.8 mg/kg), and ACT greater than 280 s
was maintained. In order to achieve a satisfied myocardial
exposure, surgical sponges was damped behind the heart
and deep pericardial tension suture was placed. After
the pericardium was fixed, a stabilizer (octopus 4 tissue
stabilizer, Medtronic, Minneapolis, USA) was applied for
target vessel exposal. Shunt (ClearView Intracoronary
Shunt, Medtronic, Minneapolis, USA) was inserted to
maintain the distal perfusion during anastomosis and a
mister blower (Guidant, Indianapolis, USA) with CO,
water was applied to provide a blood-less field. After the
surgery was done, protamine was added to reverse the
excessive of heparin and the sternum was closed by steel
wire.

Follow-up

An up-to-date clinical follow-up was obtained by a
telephonic interview with the patient or her/his family.
The occurrence of at least one postoperative major
adverse cardiac and cerebrovascular event (MACCE)—
defined as any of the following complications from hospital
discharge to follow-up: sudden death, recurrent angina,
MI, congestive heart failure, percutaneous coronary
intervention, repeat coronary artery bypass grafting (CABG)
and cerebrovascular accident—was recorded. Follow-up
data are shown in Table 1 and were collected till December
2015 (up to 6 years). Median follow-up time was 28 (range,
12-72) months. There were 20 cases (83.3%) in ONCAB
group and 23 (88.5%) in the OPCAB group alive during
follow-up. And 1-year coronary computed tomography
angiography (CCTA) was carried out to evaluate the
patency of the graft for each patients.

Statistical analysis

Statistical analyses were performed using SPSS v22
for Windows (SPSS Corp., Birmingham, AL, USA).
Categorical data were presented as percentages and were
analysed using the Chi square test or Fisher’s exact test.
Continuous data are presented as means and standard
deviations. Long-term survival was estimated by Kaplan-
Meier curves and analysed with the long-rank test. A level of
significance P<0.05 was considered significant. Propensity
matching was attempted but the two groups could not be
matched due to small numbers in both groups.
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Table 1 Operative and 1-year follow-up outcomes

Variable® All patients (n=50) On-pump CABG (n=24) Off-pump CABG (n=26) P value
SVG per patient 2.92+1.16 2.79+1.02 3.04+1.28 0.246
LIMA 40 (80.0) 18 (75.0) 22 (84.6) 0.620
Operation duration (h) 3.68+0.77 4.37+0.64 3.90+1.06 0.040
Mortality 4 (8.0 2 (8.3 2(7.7) 1.000
Intubation time (d) 29.48+44.28 25.91+23.67 17.62+12.70 0.037
ICU time (d) 4.74+5.55 5.25+2.92 3.38+1.79 0.075
Perioperative Ml 7 (14.0) 4(16.7) 3(11.5) 0.909
Renal insufficient 18 (36.0) 12 (50.0) 6 (23.1) 0.048
Respiratory infection 9 (18.0) 7(29.2) 2(7.7) 0.108
Postoperative stay (d) 12.92+9.69 12.88+11.35 12.96+8.10 0.712
Follow-up time (years) 2.61+1.43 2.64+1.49 2.64+1.35 0.962
1-year mortality 5(10.0) 3(12.5) 2(7.7) 1.000
1-year LVEF (%) 41.96+7.85 41.58+5.98 41.92+7.85 0.572
1-year LVEDD (mm) 65.000+9.311 65.780+6.600 65.190+8.060 0.701
1-year graft occlusion 2 (4.0) 14.2) 1(3.8) 1.000

*, continuous data are given as mean =+ standard deviation or median, and categorical data as number (%). CABG, coronary artery bypass
grafting; SVG, saphenous vein graft; LIMA, left internal thoracic artery; ICU, intensive care unit; MIl, myocardial infarction; LVEF, left

ventricular ejection fraction; LVEDD, left ventricular end diastolic diameter.

Results
Baseline characteristics and in-hospital outcomes

Demographics of two patient populations are shown
in Table 2. In comparison to the ONCAB group, there
were more intra-aortic ballon pump (IABP) insertion in
patients undergoing Off-pump surgery (P<0.05). Sex, age,
hypertension, hyperlipidemia, diabetes mellitus, renal
dysfunction, COPD, previously myocardial infraction,
arrhythmia, EuroSCORE II, LVEF, pre-procedural
LVEDD were no significant difference between two
groups (P>0.05). Mean + SD LVEDD was 68.81+2.42 mm
in the OPCAB group and 69.98+4.71 mm in the ONCAB
group. Comparing to OPCAB, ONCAB required longer
operation time, post-surgery intubation time and more
renal dysfunction (P<0.05). There was no significant
difference between perioperative period myocardial
infraction, intensive care unit (ICU) time, left internal
thoracic artery (LIMA) application, hospitalization time
(P>0.05). The groups did not differ statistically in early or
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late mortality.

Clinical events: morbidity and mortality outcomes

Among 50 cases, 2 cases of each group died during in-
hospital time (P>0.05). One ONCAB death was resulted
from low cardiac output, renal dysfunction, ventricle
fibrillation. Another died because of hypoxia, oliguria,
deterioration of renal function. Though hematodialysis
was administrated, patient’s unstable circulation led to
death. Two OPCAB cases were resulted from malignant
arrhythmia, low cardiac output syndrome. And the
remaining 46 patients were cured and their cardiac
functions were significantly improved (Table 1).

The mean follow-up time for ONCAB and OPCAB
were (2.64=1.49) and (2.64x1.35) years. One-year follow-up
echocardiographies were obtained in 1-year. At the 1-year
follow-up, there was no significant difference between two
revascularization strategies in LVEF and LVEDD (P>0.05).
Albeit for each group, LVEF and LVEDD were slightly
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Table 2 Preoperative characteristics

Li et al. Comparison of OPCAB and ONCAB in patients with severely dilated left ventricle

Variable® All patient (n=50) On-pump CABG (n=24) Off-pump CABG (n=26) P value
Age (years) 63.98+9.89 60.79+10.9 66.92+7.9 0.068
Female gender 2 (4.0) 14.2) 1(3.8) 1.000
Height (cm) 171.74+6.26 170.96+6.36 171.50+6.71 0.661
Weight (kg) 75.59+11.66 76.08+13.08 72.00+10.06 0.409
BMI (kg/m?) 25.54+2.97 25.87+3.50 25.94+9.34 0.467
Current smoker 31(6.2) 15 (62.5) 16 (61.5) 0.944
Hypertension 35 (70.0) 18 (75.0) 17 (65.4) 0.459
Hyperlipidemia 17 (34.0) 7 (29.2) 10 (38.5) 0.488
Diabetes 23 (46.0) 9 (37.5) 14 (53.9) 0.247
Renal insufficiency 15 (30.0) 8 (33.3) 7 (26.9) 0.621
COPD 2 (4.0 14.2) 1(3.8) 1.000
Prior myocardial infarction 34 (68.0) 15 (62.5) 19 (73.1) 0.423
Prior cerebral infarction 7 (14.0) 3(12.5) 4 (15.4) 1.000
Prior arrhythmia 8 (16.0) 4(16.7) 4 (15.4) 1.000
EuroSCORE Il 4.46+2.12 5.78+2.10 6.43+3.20 0.082
LVEF 40.35+6.06 38.33+6.37 39.38+6.71 0.985
LVEF <30% 1(1.9) 14.2) 1(3.8) 1.000
LVEF 30-50% 45 (84.9) 22 (91.7) 23 (88.5) 1.000
LVEF >50% 4(7.5) 14.2) 2(7.7) 1.000
LVEDD (mm) 65.25+5.47 69.98+4.71 68.81+2.42 0.142
Left main artery 4 (8.0) 14.2) 3(11.5) 0.661
Three vessels 41 (82.0) 18 (75.0) 23 (88.5) 0.385
IABP intraoperative 9(18.0) 14.2 8(30.8) 0.038
NYHA (Ill, IV) 36 (72.0) 16 (66.7) 20 (76.9) 0.420

*, continuous data are given as mean =+ standard deviation or median, and categorical data as number (%). CABG, coronary artery bypass
grafting; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end diastolic
diameter; IABP, intra-aortic ballon pump; NYHA, New York Heart Association.

improved comparing to pre-procedure (Tuble 3).

Kaplan-Meier analysis and event-free survival

One-year survival in ONCAB and OPCAB were 87.5% and
92.3% respectively (P>0.05). One year later, one mortality
occurred in both group because of malignant arrhythmia
and cardiac arrest. No significant differences were observed
in the estimated survival of patients treated with ONCAB
or OPCAB (Figure 1).
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Discussion

Since the emerging of the OPCAB, many investigations
have been carried out to compare the outcomes between
OPCAB and ONCAB (8,9). Some studies suggest that
OPCAB reduces cardiac complications and even benefit
high-risk patients in regard to stroke prevention, less
postoperative morbidity and mortality (5,10-12).
Cardioplegic arrest and CPB have been the mainstays
of CABG surgery for almost 30 years. In this retrospective
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Table 3 Pre-operation and 1-year follow-up echocardiography
On-pump CABG Off-pump CABG
Variable*
Pre-operation (n=22) 1-year follow-up (n=21) P value Pre-operation (n=24) 1-year follow-up (n=23) P value
LVEF (%) 38.77+6.48 42.32+5.69 0.968 39.67+6.89 42.33+8.02 0.542
LVEDD (mm) 69.86+4.89 65.50+6.74 0.183 68.75+2.47 64.79+8.25 0.008

*, continuous data are given as mean =+ standard deviation or median, and categorical data as number (%). CABG, coronary artery bypass
grafting; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end diastolic diameter.
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Figure 1 Kaplan-Meier survival estimate for ONCAB and OPCAB
patients. ONCAB, on-pump coronary artery bypass; OPCAB, off-
pump coronary artery bypass.

comparative study, patients with a number of common ‘high-
risk’ co-morbidities-diabetes mellitus, renal insufficiency,
giant left ventricle, poor LVEF were risky during operation.
It would largely alleviate performer’s psychological pressure
if we could achieve a stable hemodynamics by using CPB in
such patients. Also, it was much more easier to exposure and
sequence anastomosis. However, the theoretical and practical
disadvantages of ONCAB have been widely described that
it would trigger the diffuse systemic inflammatory response
during and after cardiac surgery (13), platelet activation
and changes to coagulation and fibrinolytic systems (14).
Directly in touch with artificial surfaces of the extracorporeal
circulation (ECC) induce a temporal change in patient’s
immune system (15). Aortic manipulation, which used in
conventional CABG, was a potential source of atheroemboli
that could cause post-procedural cerebral infarction, especially
for seriously aortic calcification patients. Comparing to

© Annals of Translational Medicine. All rights reserved.

OPCAB, ONCAB needs prolonged postoperative stay and
occurred more postoperative complication such as renal
impairment, coagulopathy, and even increased mortality
(16-18). And this is consistent with our study. Comparing
to OPCAB, there were significant higher rate of renal
dysfunction, longer hospitalization in ONCAB.

The primary administration of OPCAB in early nineties
was mainly to relatively low risk surgical patients (19).
Since then, a large body of researches have conducted
to suggest many potential advantages of the OPCAB
technique over ONCAB technique in different group of
high-risk patients (17,20,21). However, OPCAB requires
much more manipulations of target coronary artery
than arrested heart with CPB, such as shunt insertion,
octopus stabilizer position. And it’s also a big challenge
for surgeon to operate on a beating heart. Technically,
it is easy to injury to the coronary endothelium and
finally predispose the anastomosis to early failure from
thrombosis or late failure from intimal hyperplasia (22).
In our OPCAB experience, severely dilated left ventricle
could make the surgery technically challenging, especially
to procedure lateral wall grafting. What’s more, the giant
left ventricle with compromised LVEF was more sensitive
to a reduction in preload as was seen with right ventricular
compression when exposing the grafting of lateral wall.
So when anastomosing lateral wall grafting, attention was
required to surgical details to maintain hemodynamic
stability (23-25). It would be wise to open the right pleural
space and removed the right pleuro-pericardial fat pad to
rotate the heart into right chest cavity and avoid cardiac
compression against the pericardium. Additionally, beta
blockade and adenosine was given to slow the heart and
facilitate placing difficult stitches. Hemodynamics tends
to be more stable when the anterior vessels were grafted
and perfused before approaching the posterolateral wall
target. Moreover, it was safe and feasibly to position IABP
before operation. The application of IABP permits patients
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to undergo CABG with lower perioperative myocardial
infraction and mortality by stabling the haemodynamics
during operation. In the diastolic phase of cardiac cycle,
the balloon inflated, resulted in elevated coronary
perfusion pressure, augmented coronary blood flow and
increased myocardial oxygen supply. In the systolic phase
of cardiac cycle, the balloon deflates rapidly, decrement
the myocardial workload and oxygen demand. And it may
explain why there were more IABP implication in OPCAB
group. Additionally, CABG preserves already functioning
muscle against further infarction and recruits hibernating
muscle that leads to the objective improvement in ejection
fraction and to the amelioration of congestive heart failure.
Improvement in left ventricular function after CABG was
objectively demonstrated. The mean ejection fraction
was 38.77%=+6.48% and 39.67%=+6.89% respectively in
ONCAB and OPCAB group before bypass grafting and
42.32%+5.69% and 42.33%+8.02% after 1-year follow up.
There was no significant difference between ONCAB and
OPCAB with respect to the 1-year mortality and 1-year
graft occlusion. And this is consistent to a study that recent
published on the New England fournal of Medicine (26).

Taken together, our study confirms that both strategies,
ONCAB and OPCAB are suitable alternatives for patients
with severely dilated. Moreover, OPCAB is associated with
a reduction of renal dysfunction, operation duration and
length of ventilation compared with patients undergoing
ONCAB. However, OPCAB should be individualized for
each single patient in the light of the comorbidities, life
expectancy and surgeon’s dexterity.

Limitations of the study

There are some limitations to this research. Firstly, follow-
up period is relatively short. So only 1-year follow-up
echocardiography was analysed. A longer duration of
follow-up may yield more results and it can help us further
elucidate which procedure is much more suitable for giant
left ventricle patient. Secondly, the relatively small sample
size of our patients with severely dilated left ventricle
limits conclusions that can be drawn regarding this subset
of patients. Thirdly, it would be better if we conduct
propensity match model in this study to eliminate some
irrelevant factors.
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