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Abstract

Background: Coronary endarterectomy (CE) is an alternative for the diffusely diseased left anterior descending
(LAD), but its mid and long term results are largely questionable. This study is to compare the early to mid-term
results between off-pump and on-pump coronary endarterectomy with coronary artery bypass grafting.

Methods: 212 consecutive patients underwent CE and bypass grafting for diffusely diseased LAD. Ninety-two
patients undergoing CE with off-pump (group off-pump) were compared with 120 patients undergoing CE with
on-pump (group on-pump). The main preference for selection to an off-pump CE surgery were the preoperative
high risk factors, especially previous cerebrovascular accident、chronic obstructive pulmonary disease (COPD)、calcified
ascending aorta and right coronary artery (RCA) critical stenosis >90%.

Results: There were three deaths in this group with total operative mortality of 1.4%. The perioperative mortality of group
off-pump (1.1%) was similar with that of group on-pump (1.7%). The postoperative myocardial infarctions rate was 2.8%.
There was no significant difference as for the morbidity between the group off-pump and group on-pump. Among
survivors, the patency rate of the LIMA–LAD anastomosis was 89.4%. There was no difference as for the grafts patency rate
between the two groups. Kaplan–Meier survival revealed no significant difference between the two groups. Kaplan-Meier
freedom from cardiac events requiring hospital re-admission and angina recurrence were similar in both groups.

Conclusions: On-pump or off-pump CE is a good technique with the same early and mid-term outcomes. In the series
of off-pump CE, we have shown that the effect of OPCABG with CE appears to be durable, and mid-term clinical
outcomes are encouraging. Despite the higher risk profile, hospital mortality and major complications in our study are
comparable to those for CCE.
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Background
Coronary endarterectomy (CE), first described by Bailey
et al. in 1957, has been shown to benefit patients with
advanced coronary atheroma by providing complete
revascularization [1]. The safety and long-term efficacy
of the procedure, although controversial, has been
demonstrated in earlier studies [2,3]. Today, many sur-
geons are still reluctant to use coronary endarterectomy
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because of increased mortality and postoperative myo-
cardial infarction (MI) rates in comparison with coron-
ary artery bypass grafting (CABG) alone [4,5].
Off-pump coronary endarterectomy has also been

reported, but the literature is limited [6]. The advent
of safe off-pump coronary bypass (OPCAB) with better
stabilization of the target vessels has renewed our
interest in this procedure in selected patients [7,8].
On-pump or off-pump endarterectomy helps achieve
effective revascularization of vessels that otherwise ap-
pear to be inoperable. However, we should consider
the various techniques, apparent increase in myocardial
. This is an Open Access article distributed under the terms of the Creative
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Table 1 Preoperative patient characteristics

Variable Group on-pump
(n = 120)

Group off-pump
(n = 92)

P
value

Clinical demographics

Age (y) 65 ± 8 63 ± 9 NS

Female sex 20 (16.6%) 12 (13.0%) NS

Coronary risk factors

Hypertension 75 (62.5%) 59 (64.1%) NS

Diabetes 100 (83.3%) 76 (82.6%) NS

Hyperlipidemia 57 (47.5%) 50 (54.3%) <0.05

Smoking 55 (45.8%) 41 (44.6%) NS

Peripheral vascular
disease

22 (18.3%) 17 (18.5%) NS

Previous renal
impairment

6 (5.0%) 4 (4.3%) NS

Cerebrovascular
accident

2 (1.7%) 8 (8.7%) <0.001

COPD 5 (4.2%) 22 (23.9%) <0.001

Calcified ascending
aorta

2 (1.7%) 45 (48.9%) <0.001

Cardiac profile

Previous myocardial
infarction

77 (64.2%) 59 (64.1%) NS

Unstable angina 87 (72.5%) 68 (73.9%) NS

previous PTCA 19 (15.8%) 15 (16.3%) NS

Mean ejection fraction 0.50 ± 0.12 0.49 ± 0.14 NS

Poor ejection fraction
(<0.35)

13 (10.8%) 9 (9.8%) NS

Left main disease 23 (19.2%) 17 (18.5%) NS

RCA Critical stenosis
>90%

68 (56.7%) 89 (96.7%) <0.001

Number of diseased
vessels

3.8 ± 0.8 3.9 ± 0.9 NS

NS = not significant. PTCA = percutaneous transluminal coronary angioplasty.
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infarction rates, vessel rupture due to inadequate traction,
long-term patency rates below those of vessels without end-
arterectomy, and mortality rates, in order to offer optimal
revascularization in patients who cannot receive percutan-
eous angioplasty and to provide a surgical option for pa-
tients who would otherwise be inoperable.
Herein, we report our experience with this procedure,

in an effort to examine its efficacy and the early to mid-
term outcomes in two groups of patients who under-
went off-pump and on-pump coronary endarterectomy
for patients with diffusely diseased left anterior descend-
ing artery(LAD).

Methods
Patients
Between January 1999 and December 2013, of the 4328
patients who underwent CABG, 212 patients underwent
myocardial revascularization with CE at the Nanjing first
hospital to achieve a complete revascularization. The
Ethics committee approved relating screening, treat-
ment, and data collection of these patients, all cases
signed written informed consent form. All works were
undertaken following the provisions of the Declaration
of Helsinki.
There were 180 (84.9%) men and 32 (15.1%) women,

with a mean age of 68.7 ± 7.5 years (range, 45–78 years).
The risk factors include diabetes in 176(83.0%), hyper-
tension in 134(63.2%), hyperlipidemia in 107(50.5%),
peripheral artery disease in 39(18.4%), and history of
smoking in 95(44.8%) patients. Previous myocardial in-
farction had been experienced in 137 (64.6%) patients.
Unstable angina was present in 155 (73.1%) patients.
The left ventricular ejection fraction (LVEF) was 0.50 ±
0.13 (0.23-0.61). Impairment of the ventricular function
(LVEF<35%) was present in 19 (8.9%) patients. 33
(15.6%) patients had undergone a previous percutaneous
transluminal coronary angioplasty (PTCA) (Table 1).

Surgical technique for coronary endarterectomy
This study includes 212 patients with diffusely diseased
LAD artery requiring operation for myocardial revascular-
ization. LAD endarterectomy and bypass grafting were
done with cardiopulmonary bypass (CPB) (on-pump) in
120 patients and without CPB in the beating heart (Off-
pump) in 92 cases. Complete revascularization was aimed
for in all patients. All operations were carried out through
a full sternotomy. The left internal mammary artery
(LIMA) was prepared in all cases. All the patients were
operated on by a single surgeon (Dr. Xin Chen). The
anaesthesia, perfusion, surgical and postoperative care
team also remained the same for each case.
The decision to perform endarterectomy was based on

the preoperative angiograms and intra-operative findings.
The CE was scheduled before operation, but the final
decision of applying which technique was made during
the operation according to the surgeon’s preference.
The main reasons for choosing an off-pump procedure
were the preoperative high risk factors shown Table 1,
especially previous cerebrovascular accident、chronic
obstructive pulmonary disease (COPD)、calcified as-
cending aorta and right coronary artery(RCA) critical
stenosis >90%.
An open extended arteriotomy with patch angioplasty

was used in all procedures. As much as possible plaque
was removed. If residual plaque was thought to remain
in the distal vessel, the arteriotomy was enlarged as
much as necessary to allow complete removal of the
plaque, especially on the LAD. The mean lengths of
arteriotomies were 14.3 ± 2.6 mm (range 10–22 mm).
None of the cases required a second arteriotomy distal
to the first. When a long arteriotomy and a LIMA graft



Table 2 Operative characteristics

Variable Group on-pump
(n = 120)

Group off-pump
(n = 92)

P
Value

Length of the ateriotomy 14.5 ± 2.5 14.1 ± 2.8 NS

Operative time (min) 253 ± 42 260 ± 48 NS

The number of distal
anastomoses

4.0 ± 0.9 3.8 ± 0.7 NS

Associatied procedure 32 (26.6%) 26 (28.3%) NS

Intra-aortic balloon pump 9 (7.5%) 3 (3.3%) 0.015

Conduit to anastomosis
vessel

Left internal mammary
artery

120 (100%) 92 (100%) NS

Radial artery 23 (19.1%) 19 (20.7%) NS

Saphenous vein 113 (94.2%) 88 (95.7%) NS

NS = not significant.

Table 3 Perioperative mortality and morbidity

Variable Group on-pump
(n = 120)

Group off-pump
(n = 92)

P Value

Death (30-day) 2 (1.7%) 1 (1.1%) NS

Perioperative
myocardial infarction

3 (2.5%) 3 (3.3%) NS

Ventricular arrhythmia 8 (6.7%) 11 (12.0%) <0.05

Re-exploration
for bleeding

1 (0.8%) 1 (1.1%) NS

Cerebral vascular
accident

1 (0.8%) 1 (1.1%) NS

Acute renal failure 6 (5.0%) 5 (5.4%) NS

Intensive care unit
stay (days)

2.5 ± 0.5 2.6 ± 0.7 NS

Infection 3 (2.5%) 2 (2.2%) NS

NS = not significant.
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were used, a vein patch was typically applied to the
endarterectomized bed, and the LIMA was then applied
to the hood of the vein patch.
In group off-pump, all procedures were performed

through a median sternotomy. After the conduits were
harvested, heparin was administered to maintain an
activated clotting time greater than 250 seconds. Three
deep left pericardial sutures were used for cardiac
exposure, and a suction device (Octopus Evolution,
Medtronic, Minneapolis, MN) was used for stabilization of
the coronary arteries. A shunt (Chase Medical, Richardson,
TX) was inserted in the coronary artery during all anasto-
moses to avoid ischemic damage and perioperative rhythm
disturbances. A blower/mister was systematically used to
obtain a bloodless operative field and perfect visualization
of the coronary artery.
In group on-pump, All procedures were performed

with extracorporeal circulationand moderate hypothermia
(31°C); myocardial protection wasobtained by means of
intermittent antegrade crystalloid cardioplegia and topical
cooling with coldsaline (4°C).
In this study, the grafts used include LIMA, radial ar-

tery, and saphenous veins. Intra-operative Medi-Stim
Butterfly flowmeter (Medi-Stim AS, Oslo, Norway) were
used to check the flow of the grafts before chest closure.
Anticoagulation therapy was performed with a combi-
nation of aspirin and clopidogrel. Clopidogrel is conti-
nued for 6 months postoperatively and Aspirin lifelong.
Patients in atrial fibrillation or those with mechanical
valves are still anticoagulated with Warfarin and aspirin.

Data collection and follow-Up
Demographic variables, preoperative symptom status, risk
factors, operative details and postoperative events indica-
ting morbidity and mortality were recorded. Preoperative
risk factors for coronary artery disease were studied along
with postoperative out come for safety, morbidity and
mortality in these patients. Postoperative myocardial in-
farction (MI) was established by new Q waves or conduc-
tion blocks on an electrocardiogram with creatine kinase
MB (CK-MB) more than 100 mg · d/L and/or CK-MB/
total CK ratio > 10% in the postoperative 24th hour. A
new regional wall motion abnormality on echo was also
taken as evidence of postoperative MI. Complete follow-
up was obtained for survival. Patients followed up at regu-
lar intervals in the outpatient clinic and the latest follow
up was obtained by telephone interview at the start of the
study with regards to their current symptom status, need
for nitrates, hospital readmissions, and re-interventions,
and any surgery-related complications.

Graft patency analysis
The quality of the anastomosis was graded according to
the classification of Fitzgibbon and colleagues [9]. Briefly,
grade A stands for excellent graft patency, grade B for
graft stenosis of greater than 50%, and grade O for occlu-
sion. Follow up of the grafts were done in all surviving
patients by coronary angiograph in 21 and 64 slices CT
scan in 48 cases after the operation.

Statistical analysis
Statistical analysis was performed by using SPSS 15.0
statistical software (SPSS Inc, Chicago, Ill). Continuous
variables were expressed as mean ± SD, and categoric
variables were expressed as percentages. Basic methods
of univariate analysis included the impaired 2-tailed t test
or Fisher exact test when appropriate. Values of p less than
0.05 were considered significant. Actuarial curves were
constructed to describe mortality and the incidence of
valve-related complications using the Kaplan-Meier tech-
nique. Survival data were analyzed by using the standard
Kaplan-Mayer actuarial technique for estimation of
survival probabilities.



Figure 1 Mid-term survival with group on-pump versus group off-pump after coronary endarterectomy.
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Results
Patient demographics
Preoperative data for both groups are summarized in
Table 1. Preoperative risk factors for coronary artery dis-
ease were observed in both groups. 48.9% patients were
calcified ascending aorta in group off-pump and1.7% were
in group on-pump (P<0.001). RCA critical stenosis >90%
was present in 96.7% of patients in group off-pump and
56.7% patients in group on-pump (P<0.001). Hyperlipi-
demia, COPD and previous cerebrovascular accident was
present in 54.3%, 23.9%, 8.7% in group off-pump and
47.5%, 4.2% and 1.7% respectively in group on-pump
(P<0.001) (Table 1).

Intraoperative data
The mean number of distal anastomosis is 3.9 ± 0.8.
Twenty-three patients had coronary endarterectomy in
other coronary territory other than LAD (15 in right
coronary and 8 in circumflex artery territory) at the
same time. The mean lengths of the arteriotomy were
similar in both groups. The LIMA was all used to re-
construct the endarterectomized LAD vessel in two
groups, and the other grafts to anastomosis were similar
between the two groups (P>0.05; Table 2). The other
simultaneous associated procedures include left ventricle
(LV) reconstruction for LV aneurysm in 6, and mitral
repair or replacement in 13, carotid endarterectomy in 3
patients. 200 out of 212 grafts (94.3%) to the LAD after
endarterectomy showed a satisfactory grafts flow intra-
operatively (mean flow 30 ± 12 ml/min, PI 2.6 ± 0.8). IABP
were needed in 12 patients to stabilize hemodynamic.
Operation time, the number of distal anastomoses and

associated procedure were similar between the group
off-pump and group on-pump. Intra-aortic balloon pump
in group off-pump was smaller than that in group on-
pump (P<0.05; Table 2).
Perioperative morbidity and mortality
There were three deaths in this group because of low car-
diac output syndrome and renal failure respectively with
total operative mortality of 1.4%. The perioperative mor-
tality rate of group off-pump (1.1%) was similar with that
of group on-pump (1.7%) (P>0.05; Table 3). Six patients
(2.8%) had postoperative myocardial infarctions—in three
cases of group off-pump (3.3%) and in three cases of
group on-pump (2.5%)—but none had hemodynamic
changes except one. The perioperative ventricular
arrhythmia rate of group off-pump (8.1%) tended to be
lower than that of group on-pump (9.5%) (P<0.05). Two
patients were re-explored because of bleeding. The fatal
postoperative complication rates were similar, and there
were no statistically significant differences between the
groups (P>0.05).

Survival analysis
209 patients discharged uneventfully with mean hospital
stay 9.7 days postoperatively. There were 7 late deaths
overall: 3 patients (3.3%) in group off-pump, and 4 pa-
tients (3.4%) in group on-pump. Kaplan–Meier survival
estimates at 1, 3, and 5 years were 0.942, 0.902, and 0.790
in group off-pump, and 0.948, 0.875, and 0.729 in group
on-pump (Figure 1). However, comparison of survival
curves between the two groups revealed no significant
difference.

Mid-term outcomes and graft patency analysis
209 patients had a mean follow up 41.5 ± 22.0 (range, 6 to
89) months. When patients were compared, Actuarial
freedom from cardiac events requiring hospital re-
admission was 92.2% (Figure 2), and freedom from angina
recurrence was 94.8% (Figure 3). Kaplan-Meier freedom
from cardiac events requiring hospital re-admission
(Figure 2) and angina recurrence (Figure 3) were similar



Figure 2 Kaplan-Meier Freedom from cardiac events requiring hospital re-admission.
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in both groups. At mid-term follow-up, all patients under-
went postoperative angiographic study, and118 grafts
(89.4%) out of 132 patients with satisfactory grafts flow
were patent (Figure 4). Information regarding coronary
angiograph or 64 slices CT scan was obtained from sur-
vivors of group off-pump (mean, 41.8 ± 21.4 months;
range, 6 to 86 months) and of group on-pump (mean,
41.2 ± 22.7 months; range, 6 to 89 months). There is no
difference as for the grafts early and midterm patency
rate between the group off-pump and group on-pump
(Table 4).

Discussion
The completeness of revascularization has been shown to
correlate with improved early and late patient outcomes
after CABG [6,9]. Proper and complete revascularisation
of the coronaries especially the LAD is the most important
determinant of the patient prognosis [10-12].
Figure 3 Kaplan-Meier Freedom from angina recurrence.
Currently, in patients with end-stage coronary athero-
sclerosis, the options available include performing
CABG to small distal vessels, not performing any bypass
to the diffusely diseased coronary territory or using CE
as an adjunctive tool to CABG to achieve a complete re-
vascularization [7,13,14].
However, CE is reported as a time-consuming and

challenging procedure, and its beneficial effect has been
questioned because an increased risk of perioperative
mortality and morbidity often accompanies this tech-
nique, especially when performed on the LAD [4,15]. In
our institution CE was carried out on a small group of
highly selected patients when distal anastomosis to an
adequately sized vessel was not possible.
Concerns about technical difficulties and adequacy of

endarterectomy expose patients to the risks of CPB. Cor-
onary endarterectomy without associated CABG was in-
troduced to treat coronary artery disease and was



Table 4 Follow-up graft patency analysis

Variable Group on-pump Group off-pump P Value

Early patency rate 94.5% (86/91) 94.9% (112/118) NS

Grade A 91.8% (79) 92.9% (104) NS

Grade B 8.1% (7) 7.1% (8) NS

Midterm patency rate 91.7% (55/60) 90.3% (65/72) NS

Grade A 90.9% (50) 89.2% (58) NS

Grade B 9.1% (5) 10.8% (6) NS

NS = not significant.

Figure 4 Preoperative and Postoperative follow-up angiogram
study. (A) Preoperative angiogram demonstrates a diffusely
diseased left anterior descending coronary artery (LAD). (B)
Postoperative follow-up computed tomography (CT) angiogram
showing patency of the left internal mammary artery to the
LAD grafts.
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performed initially without cardiopulmonary bypass [16].
Due to increasing age, preoperative renal, pulmonary,
and neurological problems are encountered more often.
Off-pump CABG has many advantages in high-risk pa-
tients. With increasing use of off-pump coronary bypass,
isolated groups have reported CE in this subgroup with
good initial results [17,18]. In this study, coronary artery
endarterectomy and bypass grafting for diffusely dis-
eased LAD with or without cardiopulmonary bypass is
technically feasible, and can be performed safely with in-
creased completeness of myocardial revascularization
but without increasing morbidity and mortality. Owing
to the increasing number of patients with diffuse coron-
ary artery disease being referred for OPCABG, there is a
need to reassess the early and medium-term postopera-
tive outcomes in patients undergoing primary OPCABG
with CE in modern cardiac surgery. The use of
OPCABG has found a wide acceptance especially in
high-risk patients. It is known to reduce the incidence of
renal, neurologic, and inflammatory adverse effects of
cardiopulmonary bypass. Naseri et al. reported a reduc-
tion in postoperative hospital stay and mortality in pa-
tients where coronary endarterectomy was performed
off pump compared with the coronary endarterectomy
performed using cardiopulmonary bypass, although
there was an increased incidence of myocardial infarc-
tion in the off-pump patients [16]. With recent advances
in the CE technique, the perioperative myocardial infarc-
tion rates have improved and now range from 1.5% to
8% [2,5,19]. Thus, the early myocardial infarction rates
and postoperative mortality in our series was acceptable,
especially in the case of off pump endarterectomy, which
is similar to the early mortality rates reported by other in-
vestigators [20,21]. Cheng DC et al. [22] undertook a
meta-analysis of 37 randomized trials (3369 patients) of
off-pump coronary artery bypass surgery versus conven-
tional coronary artery bypass surgery. This meta-analysis
demonstrates that mortality, stroke, myocardial infarction,
and renal failure were not reduced in off-pump coronary
artery bypass surgery surgery; however, selected short-
term and mid-term clinical and resource outcomes were
improved compared with conventional coronary artery
bypass surgery. In our studys, the early mortality of 1.1%
in the off-pump group is similar when compared with on-
pump endarterectomy in 120 patients for whom the
mortality rate was 1.7%. Our 94.2% 1-year survival, 90.2%
3-year survival, and 79% 5-year survival rates in the off-
pump groupare as compared with on-pump CCE. Patients
who have a severe diffuse coronary lesion and are a high
risk for CPB will benefit from this off-pump technique.
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Hence, diffuse disease requiring endarterectomy should
not be considered a contraindication to OPCABG. Surgi-
cal skills and the suitability criteria of the patients are very
important in this regard. The best approach to off-pump
endarterecotmy is to sequentially stabilize short segments
of the blood vessel. As opposed to a non-beating heart,
endarterectomy in this situation requires very deliberate
movements in order to avoid inadvertent tearing of tissue
[23,24]. Our technique of CE using on-pump or off-pump
can provide the same better match in diameter with the
graft, the reconstructed segment, and the native coronary
artery, resulting in better flow patterns. Therefore, there
was no significant difference of perioperative mortality
and morbidity between the two groups. Our technique of
on-pump or off-pump grafting reduced the endarterecto-
mized area and presented new coronary artery wall. This
might achieve rapid complete endothelial covering and
should decrease the risk of intimal proliferation [23]. A
simple non-invasive method to determine the presence of
a coronary lesion, such as MDCT, is preferred, especially
in patients with a high risk [25]. Moreover, there were no
obvious differences of graft patency and survival rates be-
tween the two groups. In all cases on-pump or off-pump
method was used for bypassing the artery. For LAD end-
arterectomy LIMA bypass was the preferred technique.
Off-pump endarterectomy of the LAD is feasible because
the severe underlying ischaemia conditions the myo-
cardium to flow interruption for prolonged periods during
the endarterectomy [26].
Several limitations of our study need to be recognized.

This is a retrospective study of a small non-randomized
cohort of patients. A control group of patients with similar
disease undergoing conventional surgery would be ideal,
but may not be feasible. The absence of clinical ischaemic
events, while encouraging, does not prove the patency of
the endarterectomy sites. The observational nature of the
study prevents us from drawing conclusions other than
the feasibility and safety of the technique.

Conclusions
Coronary endarterectomy along with CABG in selected
cases is an optimal way of revascularization in patients
with a diffusely diseased coronary artery. In the series of
OPCABG with CE, we have shown that the effect of
OPCABG with CE appears to be durable, and long-term
clinical outcomes are encouraging. Despite the higher
risk profile, hospital mortality and major complications
in our study are comparable to those for CCE. Coronary
endarterectomy should be used whenever possible in se-
lected patients in a programmed manner to promote
myocardial revascularization. We conclude that off-pump
endarterectomy of the LAD is a viable option for patients
with diffuse LAD disease and high risk factors, particularly
in centers with considerable OPCAB experience. A long-
term follow up is necessary to demonstrate the future per-
formance of these vessels and grafts. In view of the small
numbers in our group, this requires to be validated by a
multicentre study with larger number of patients.
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