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Background: Although complete revascularization (CR) has been a goal of surgical revascularization, 
comorbidities and anatomical variables often conspire against a successful surgical CR. Currently, incomplete 
revascularization (IR) has been also considered as an acceptable strategy of surgical revascularization in some 
categories of patients. In the past decade, off-pump coronary artery bypass grafting (CABG) became one of 
the mainstream procedures of CABG due to its low incidence of perioperative complications. However, the 
magnitude of the impacts of off-pump IR on clinical outcomes of patients with triple-vessel disease remained 
unclear. 
Methods: Eligible patients who received isolated off-pump CABG with left internal mammary artery 
(LIMA) grafting to the left anterior descending coronary artery (LAD) in our institute from January 2011 
to December 2013 were entered into an IR group or a CR group. The incidence of off-pump IR was 
investigated. In-hospital and follow-up outcomes were also evaluated by adjusting baseline characteristics 
using propensity score matching (1:1).
Results: A total of 1,349 patients (268 in the IR group and 1,081 in the CR group) were analyzed. The 
off-pump IR rate was 19.9%. Using matching propensity scores, 234 pairs were successfully established in 
a 1:1 manner. The two matched groups had similar surgical mortality and major postoperative morbidity. 
Multivariate Cox regression analysis showed that IR was not an independent predictor of cardiac death at 
follow-up (HR =1.215; 95% CI, 0.883–2.164; P=0.371). The two matched groups received a similar cumulative 
survival freedom from repeat revascularization in Kaplan-Meier curves (χ2=2.120, log-rank P=0.145).
Conclusions: CR can be achieved in the majority of off-pump CABG cases. Compared with off-pump CR, 
off-pump IR with the LIMA grafting to the LAD was associated with acceptable clinical outcomes.
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Introduction

Complete revascularization (CR) is considered as a 
requirement in percutaneous coronary intervention (PCI) 
and is implied when a patient is referred for coronary artery 
bypass grafting (CABG) (1-3). A recent meta-analysis has 
promoted the status quo, i.e., that most favorable outcomes 
are associated with surgical CR (1), but what of the patient 
who is not fully revascularized? Increasing evidence has 
suggested that surgical CR may not be the only overriding 
tenet (3). Comorbidities and anatomical variables often 
conspire against a successful surgical CR (4-6). The concept 
of “reasonable incomplete revascularization (IR)” was 
initially proposed by Dauerman in 2011 (7). Since then, 
based on increasing reports, IR has been considered an 
acceptable strategy of surgical revascularization in some 
categories of patients (7-11).

IR was noted as a weak point of off-pump CABG during 
its initial practice (12). However, throughout the past 
decade, off-pump CABG became one of the mainstream 
procedures of CABG because of its low incidence of 
perioperative complications. Many surgeons have adopted 
the off-pump technique as their routine, and the data are 
supportive of off-pump CABG providing comparable 
completeness of revascularization compared with on-pump 
CABG (13). Additionally, current comparisons presented 
several limitations. The total off-pump experience was 
relatively small in previous randomized controlled trials, 
such as the SYNTAX and ART trials (14). In observational 
studies, on-pump CABG had usually been the first-choice 
strategy (15,16), thus introducing a selection bias with high-
risk patients undergoing off-pump CABG.

The extent of IR has been investigated in some cardiac 
surgery trials, and real-life registry trials have indicated 
a surgical IR rate of 13–40% (4-11). The range of  IR 
rate reported in previous studies was  shown to be wide. 
The magnitude of the impacts of off-pump IR on clinical 
outcomes of patients with triple-vessel disease remained 
unclear in real-world practice. Additionally, data about the 
incidence of off-pump IR and the impacts of off-pump IR 
on clinical outcomes came almost entirely from American 
and European published studies; there has been lack of data 
from Chinese patients with triple-vessel disease.

The current study aimed to determine the incidence of 
IR in a cohort of 1,349 consecutive Chinese patients with 
a triple-vessel lesion who underwent first-time, isolated 
off-pump CABG in our institute, where off-pump CABG 
surgery has been the first choice in patients referring 

for surgical revascularization. This study also provided a 
present-day assessment of the impacts of off-pump IR vs. 
off-pump CR on in-hospital and follow-up outcomes in a 
single-center study of propensity-matched data.

Methods

Definition of IR

There were various criteria of CR in previous reports, 
including anatomical or traditional, functional, numerical, 
score-based, and physiology-based CR (1). Considering 
the advantages and disadvantages of various criteria, the 
retrospective characteristics of this study and the time span 
of this study population, the criterion of anatomic CR was 
available in this study. Incomplete surgical revascularization 
was defined as any diseased coronary system with vessel 
size ≥1.5 mm with at least one significant diameter stenosis 
>50% failing to receive a graft. The same definition was 
used in the majority of previous studies (1,17).

Study protocol

This study protocol was approved by the ethics committee 
of Zhongshan Hospital Fudan University (No. Y2017-049) 
and was consistent with the Declaration of Helsinki.

The inclusion criteria were triple-vessel lesions, isolated 
off-pump CABG, and no history of cardiac surgery. 
Exclusion criteria were as follows: concomitant procedures, 
hybrid procedures, revascularization of the left anterior 
descending artery (LAD) using arterial or venous conduits 
other than the left internal mammary artery (LIMA), and 
intra-operative emergent conversion to on-pump CABG.

All included patients were entered into either an IR 
group (patients who receiving off-pump IR) or a CR group 
(patients who receiving off-pump CR). The decision to 
assign patients to the IR group or the CR group was made 
by two independent researchers. Any disagreement was 
resolved by discussion with the senior researchers. Peri-
operative data were obtained from our institutional database 
and reviewed using a standard data collection form. If 
patients developed symptoms or doubtful symptoms of 
coronary heart disease during follow-up, clinic visit should 
be performed at the time; on the other hand, asymptomatic 
patients were followed up at 3 and 6 months after discharge, 
and thereafter at 6-month intervals. Data collection was 
performed by trained staff (two people). The trained staff, 
however, did not know the purpose of the study. 
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Baseline and procedure characteristics and the incidence 
of IR following off-pump CABG were investigated and 
analyzed. The in-hospital and follow-up outcomes between 
the IR group and the CR group were compared. To 
reduce the effects of treatment selection bias and potential 
confounding on clinical outcomes, differences in baseline 
characteristics were adjusted by using propensity score 
matching (1:1).

Surgical techniques and postoperative medications

In our institute, off-pump CABG surgery has been the 
first choice in patients who were referred for surgical 
revascularization, whereas on-pump CABG was conducted 
in patients with severely impaired left ventricular 
function, deeply intra-myocardial target vessels, previous 
cardiac surgery, or concomitant open-heart surgery. All 
patients received off-pump CABG through a median full 
sternotomy. The LIMA grafting to the LAD has been the 
first choice. Saphenous vein and radial artery were harvested 
with an open technique, and sequential or separate aorto-
saphenous vein or radial artery-coronary bypass grafting 
was performed in the remaining coronary arteries. Choices 
of conduits and their configurations for target vessels other 
than the LAD were determined on the basis of conduit 
availability, number of grafts, the target territory, and the 
surgeon’s preference concerning these factors for achieving 
CR. The details of the off-pump CABG procedure 
were consistent with those of previous studies (18). The 
quality of anastomosis was assessed intra-operatively after 
grafting with a transit-time flow probe (Medistim Butterfly 
Flowmeter, Oslo, Norway). Measured pulsatility index of 
grafts or sequential segments was lower than 5, suggesting 
high-quality anastomoses. Otherwise, re-anastomosis may 
be considered.

Subcutaneous injection of low molecular weight heparin 
within 6 hours following off-pump CABG was routinely 
conducted, except for patients receiving re-operation 
for bleeding. Statin medication, aspirin, and clopidogrel 
were routinely prescribed to all patients starting from 
postoperative day 1 or 2. Clopidogrel was discontinued after 
1 year, but statin medication and aspirin were continued 
indefinitely.

Outcomes

Follow-up outcomes included all-cause mortality and repeat 
revascularization. Repeat revascularization was defined as 

a second percutaneous coronary intervention or a repeat 
CABG surgery to deal with graft failure or new high-grade 
native coronary artery stenosis.

In-hospital outcomes included surgical mortality and 
major postoperative morbidity. Surgical mortality was 
defined as death within 30 days after surgery or during 
the same hospitalization. Major postoperative morbidity 
included myocardial infarction associated with CABG, re-
exploration for bleeding, deep sternal wound infection, 
stroke, postoperative dialysis, and prolonged ventilation of 
more than 24 hours (19-21).

In addition, the incidence of IR following off-pump 
CABG was recorded.

Statistical analysis

Normally distributed continuous variables were expressed 
as the mean ± standard deviation and were compared 
between groups using the Student’s t-test. Nonnormally 
distributed continuous variables were expressed as the 
median and quartiles and were compared between groups 
with the Wilcoxon rank sum test. Categorical variables were 
expressed as frequency distributions and single percentages 
and were compared between groups using χ2 test or Fisher’s 
exact test, when appropriate. To reduce the effects of 
treatment selection bias and potential confounding on 
clinical outcomes, differences in baseline were adjusted by 
using propensity score matching. The non-parsimonious 
logistic regression propensity model included the following 
19 variables: age; gender; obesity (body mass index of 
more than 30 kg/m2); smoking history; hypertension; 
diabetes mellitus; chronic obstructive pulmonary disease; 
hyperlipidemia; prior cerebro-vascular accident; renal 
dysfunction; history of percutaneous coronary intervention; 
recent myocardial infarction; atrial fibrillation; impaired 
left ventricular function (left ventricular ejection fraction 
of less than 50%); SYNTAX score; left main artery disease; 
Canadian Cardiovascular Society (CCS) class III–IV; 
New York Heart Association (NYHA) class III–IV; and 
emergency operation. Propensity scores were created to 
quantify the likelihood of a given patient receiving off-
pump IR. Pairs of patients receiving off-pump IR and 
off-pump CR were derived using greedy 1:1 matching 
with a calliper of width 0.2 of standard deviation of the 
logit of the propensity score. Every patient in the IR 
group was matched with a patient in the CR group by 
the closest propensity score (within 0.030). The quality 
of the matching was assessed by comparing selected pre-
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treatment variables in propensity score-matched patient 
using the standardized mean difference. McNemar and 
paired Student’s t-tests were used for comparisons with the 
matched groups. Multivariate Cox regression analysis was 
used to determine the independent risk factors for cardiac 
death at follow-up. The intervals to death and events were 
compared using the Kaplan-Meier method with the log-
rank test for group comparisons. The impacts of grouping 
(IR vs. CR) as independent factors on in-hospital outcomes 
were evaluated by multivariable logistic regression analysis 
using the backward elimination method. A value of two-
sided P less than 0.05 was considered statistically significant. 
Statistical analysis was performed with SPSS statistical 
package version 22.0 (SPSS Inc., Chicago, IL, USA).

Results

Study population

From January 2011 to December 2013, 1,420 consecutive 
patients who met inclusion criteria were identified, 
accounting for 73.0% of all CABG cases during the 
same period. Among them, 71 patients were excluded 
(revascularization of the LAD using the right internal 
mammary artery, radial artery, or saphenous vein conduit in 
58 patients and intra-operative emergent conversion to on-
pump CABG in 13), leaving 1,349 eligible patients for data 
analysis.

Among all included patients, 268 patients who underwent 
IR were entered into the IR group, and the remaining  
1,081 patients who received CR were entered into the 
CR group. As shown in Table 1, patients in the IR group 
compared with the CR group were older (66.8±9.3 vs. 
65.3±8.2 years, P=0.009), had higher proportions of women 
and NYHA class III and IV (17.5% vs. 12.4%, P=0.027, 
and 19.8% vs. 14.7%, P=0.041, respectively) and were more 
likely to have concomitant with diabetes mellitus treated 
with insulin and atrial fibrillation (1.9% vs. 0.6%, P=0.048, 
and 3.4% vs. 1.4%, P=0.038, respectively). In addition, 
significant differences were observed between the two 
groups in the distribution of low, intermediate and high 
SYNTAX score (P=0.035), and the IR group had a higher 
proportion of high SYNTAX score (33 or more) compared 
to the CR group.

Table 2 lists diseased territories, grafted territories, and 
the grafts. The diagonal arteries and circumflex territories 
were more likely to remain ungrafted in the IR group 
compared with the CR group (72.0% vs. 90.2%, P<0.001, 

and 66.8% vs. 88.1%, P<0.001, respectively). No significant 
difference between the two groups was found in the 
proportions of use of arterial and venous conduits. Patients 
in the IR group compared with the CR group received a 
higher proportion of emergency operation (4.8% vs. 2.6%, 
P=0.039) but a significantly lower number of grafts (median, 
3 vs. 4, P<0.001). Patients in the IR group had a trend of a 
higher proportion of intra-aortic balloon pump supports in 
comparison with patients in the CR group (6.3% vs. 3.8%, 
P=0.065).

Incidence of off-pump IR

In the cohort of 1,349 consecutive Chinese patients 
undergoing first-time, isolated off-pump CABG with LIMA 
grafting to the LAD, 268 patients received IR, and the 
incidence of off-pump IR was 19.9%. This off-pump IR 
rate was achieved with a high proportion (over 70.0%) of 
off-pump CABG to all CABG cases during the same period.

Propensity score matching

Bivariate analyses were conducted to examine differences 
in baseline characteristics between patients in the IR group 
(n=268) and those in the CR group (n=1,081). Propensity 
scores were then calculated using a multivariate logistic 
regression model based on predefined 19 variables. The 
area under the receiver operating characteristic curve was 
0.69 (95% confidence interval, 0.58–0.76; P=0.031). The 
Hosmer-Lemeshow goodness for this model was 14.112 
(P=0.713). Using matching propensity scores, 234 pairs of 
patients were successfully established in a 1:1 manner. As 
shown in Figure 1, all the absolute standardized differences 
after matching were <10%, indicating an adequate balance.

Propensity score matching selected 234 pairs of patients 
comparable for all baseline variables (as shown in Table 1).  
Patients in the matched IR group compared with the 
matched CR group had significantly lower proportions of 
revascularization of the diagonal artery and left circumflex 
territory (as presented in Table 2). In addition, patients in 
the matched IR group received fewer grafts compared to 
patients in the matched CR group (P<0.001).

In-hospital outcomes

Surgical mortality and major postoperative morbidity are 
shown in Table 3. Patients in the two matched groups had 
a similar surgical mortality (1.3% vs. 1.7%, P=1.000). No 
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Table 1 Baseline characteristics before and after matching

Variables
Before matching After matching

IR group (n=268) CR group (n=1,081) P IR group (n=234) CR group (n=234) P

Demographics

Age (years) 66.8±9.3 65.3±8.2 0.009 66.5±6.3 66.1±6.2 0.489

Gender (female) 47 (17.5) 134 (12.4) 0.027 42 (17.9) 40 (17.1) 0.808

Obesity 33 (12.3) 124 (11.5) 0.700 30 (12.8) 28 (12.0) 0.779

Recent smoking 116 (43.3) 435 (40.2) 0.364 111 (47.4) 107 (45.7) 0.711

Concomitant diseases

Hypertension 151 (56.3) 627 (58.0) 0.623 148 (63.2) 150 (64.1) 0.848

Diabetes mellitus 105 (39.2) 373 (34.5) 0.152 98 (41.9) 101 (43.2) 0.779

Orally treated 100 (37.3) 367 (33.9) 0.300 94 (40.2) 96 (41.0) 0.851

Insulin 5 (1.9) 6 (0.6) 0.048 4 (1.7) 5 (2.1) 1.000

COPD 24 (9.0) 101 (9.3) 0.845 71 (30.3) 70 (29.9) 0.920

Hyperlipemia 73 (27.2) 277 (25.6) 0.589 21 (9.0) 19 (8.1) 0.741

Prior CVA 27 (10.1) 102 (9.4) 0.750 25 (10.7) 22 (9.4) 0.645

Renal dysfunction 7 (2.6) 24 (2.2) 0.702 5 (2.1) 3 (1.3) 0.476

Preoperative cardiac status

History of PCI 45 (16.8) 144 (13.3) 0.143 44 (18.8) 45 (19.2) 0.906

History of MI 98 (36.6) 366 (33.9) 0.359 96 (41.0) 98 (41.9) 0.851

Atrial fibrillation 9 (3.4) 15 (1.4) 0.038 9 (3.8) 6 (2.6) 0.431

LVEF (%) 0.086 0.975

>50% 161 (60.1) 705 (65.2) 132 (56.4) 131 (56.0)

35–50% 81 (30.2) 309 (28.6) 78 (33.3) 80 (34.2)

<35% 26 (9.7) 67 (6.2) 24 (10.3) 23 (9.8)

SYNTAX score 0.035 0.694

Low: ≤22 8 (3.0) 53 (4.9) 7 (3.0) 9 (3.9)

Intermediate: 23–32 143 (53.4) 642 (59.4) 130 (55.6) 136 (58.1)

High: ≥33 117 (43.7) 386 (35.7) 97 (41.5) 89 (38.0)

LM 85 (31.7) 298 (27.6) 0.177 83 (35.5) 81 (34.6) 0.846

CCS III–IV 156 (58.2) 609 (56.3) 0.580 152 (65.0) 154 (65.8) 0.846

NYHA III–IV 53 (19.8) 159 (14.7) 0.041 51 (21.8) 50 (21.4) 0.911

Emergency operation 13 (4.8) 28 (2.6) 0.039 10 (4.3) 8 (3.4) 0.631

Values are expressed as mean ± SD or n (percent). Definition: obesity, body mass index of more than 30 kg/m2; renal dysfunction, a serum 
creatinine level of 2.0 mg/dL or more or the use of renal replacement therapy; recent MI, evidence of myocardial infarction within the last 
30 days before surgery. SD, standard deviation; IR, incomplete revascularization; CR, complete revascularization; BMI, body mass index; 
COPD, chronic obstructive pulmonary disease; CVA, cerebro-vascular accident; CKD, chronic kidney disease; PCI, percutaneous coronary 
intervention; MI, myocardial infarction; AF, atrial fibrillation; NYHA, New York heart association; LVEF, left ventricular ejection fraction; LVD, 
left ventricular dysfunction; LVEDD, left ventricular endo-diastolic diameter; CAD, coronary artery disease; LM, left main trunk disease; 
CCS, Canadian Cardiovascular Society; NYHA, New York Heart Association.



1330

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(4):1325-1335jtd.amegroups.com

Ji et al. Off-pump incomplete revascularization

Table 2 Surgical data before and after matching

Variables
Before matching After matching

IR group (n=268) CR group (n=1,081) P IR group (n=234) CR group (n=234) P

Territories (target vessels)

LAD 268 (100.0) 1,081 (100.0) 1.000 234 (100.0) 234 (100.0) 1.000

Diagonal 193 (72.0) 975 (90.2) <0.001 187 (79.9) 212 (90.6) <0.001

LCX 179 (66.8) 952 (88.1) <0.001 156 (66.7) 204 (87.2) <0.001

RCA 236 (88.1) 978 (90.5) 0.239 206 (88.0) 211 (90.2) 0.458

Conduits

LIMA 268 (100.0) 1,081 (100.0) 1.000 234 (100.0) 234 (100.0) 1.000

RIMA 7 (2.6) 36 (3.3) 0.549 6 (2.6) 10 (4.3) 0.309

RA 5 (1.9) 30 (2.8) 0.402 4 (1.7) 8 (3.4) 0.242

SVG 257 (95.9) 1,038 (96.0) 0.925 224 (95.7) 228 (97.4) 0.309

Number of grafts 3 [2–3] 4 [3–4] <0.001 3 [2–3] 4 [3–4] <0.001

IABP support 17 (6.3) 41 (3.8) 0.065 16 (6.8) 8 (3.4) 0.094

Values are expressed as n (percent) or median (first quartile, third quartile). IR, incomplete revascularization; CR, complete revascularization; 
LAD, left anterior descending coronary artery; LCX, left circumflex coronary artery; RCA, right coronary artery; LIMA, left internal mammary 
artery; RIMA, right internal mammary artery; RA, radial artery; SVG, saphenous vein graft; IABP, intra-aortic balloon pump.

Age
Gender
Obesity

Recent smoking
Hypertension

Diabetes mellitus
Chronic obstructive pulmonary disease

Hyperlipemia
Prior cerebro-vascular accident

Renal dysfunction
History of percutaneous coronary intervention

History of myocardial infarction
Atrial fibrillation

Left ventricular ejection fraction < 50%
SYNTAX score

Left main artery disease
CCS class III-IV

NYHA class III-IV
Emergency operation

Absolute standardized difference (%) 
0  10  20  30  40

Pre-match
Post-match

Figure 1 Absolute standardized differences for baseline covariates 
before and after matching. CCS, Canadian cardiovascular society; 
NYHA, New York heart assessment functional classification.

significant differences between the two matched groups 
were found for the incidence of major postoperative 
morbidity.

The impacts of grouping (the matched IR group vs. 
the matched CR group) on surgical mortality and major 
postoperative morbidity are shown in Table 4. Grouping 
(IR vs. CR) was not an independent risk factor for surgical 
mortality or a predictor of major postoperative morbidity in 
multivariable logistic regression analysis.

Follow-up outcomes

A total of 433 patients (221 patients in the IR group and 
212 patients in the CR group) received a follow-up survey, 
and the follow-up rate was 92.5%. In the duration of 24 
to 91 months follow-up, with the median of 58 months, 
27 patients died, and all-cause mortality was 6.2%. No 
significant differences between the two matched groups 
were found with regard to all-cause mortality and cardiac-
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Table 3 Clinical outcomes after matching

Outcomes IR group CR group P value

In-hospital

Number of patients 234 234

MI associated with CABG 4 (1.7) 2 (0.9) 0.685

Re-exploration for bleeding 2 (0.9) 3 (1.3) 1.000

Deep sternal wound infection 1 (0.4) 2 (0.9) 0.996

Stroke 4 (1.7) 5 (2.1) 0.987

Postoperative dialysis 1 (0.4) 3 (1.3) 0.623

Prolonged ventilation 9 (3.8) 8 (3.4) 0.805

Surgical mortality 3 (1.3) 4 (1.7) 1.000

Follow-up

Duration (months) 58 [24–91] 57 [24–90]

Number of patients 221 212

All-cause mortality 15 (6.8) 12 (5.7) 0.628

Cardiac-cause mortality 9 (4.2) 6 (2.8) 0.480

Repeat revascularization 9 (4.2) 3 (1.4) 0.092

Values are expressed as n (percent) or median (first quartile, third quartile). Definition: myocardial infarction associated with CABG was 
arbitrarily defined by elevation of cardiac biomarker values >10×99th percentile upper reference limit in patients with normal baseline 
cardiac troponin values (≤99th percentile upper reference limit). In addition, myocardial infarction associated with CABG was defined by 
either (I) new pathological Q waves or new left bundle branch block, or (II) angiographic documented new graft or new native coronary 
artery occlusion, or (III) imaging evidence of new loss of viable myocardium or new regional wall motion abnormality. Postoperative stroke 
was defined as any new temporary or permanent focal or global neurological deficit, in accordance with the published guidelines, within 
30 days from operation or later than 30 days if still in hospital. Deep sternal wound infection, bone related, any drainage of purulent 
material from the sternotomy wound and instability of the sternum. Prolonged ventilation, duration of mechanical ventilation of more 
than 48 hours. Surgical mortality was defined as death that occurred during the same hospitalization or within 30 days of the operation. 
Repeat revascularization was defined as a second percutaneous coronary intervention or redo CABG surgery to deal with graft failure 
or new high-grade native coronary artery stenosis. IR, incomplete revascularization; CR, complete revascularization; MI, myocardial 
infarction; CABG, coronary artery bypass grafting. 

Table 4 Impacts of grouping on in-hospital outcomes by logistic regression analysis

Outcomes Group CR Group IR [OR (95% CI), P value]

MI associated with CABG 1.0 2.017 (0.466–10.123), 0.685

Re-exploration for bleeding 1.0 0.664 (0.210–3.510), 1.000

Deep sternal wound infection 1.0 0.598 (0.215–4.259), 0.996

Stroke 1.0 0.797 (0.321–2.541), 0.987

Postoperative dialysis 1.0 0.404 (0.143–2.620), 0.623

Prolonged ventilation 1.0 1.310 (0.582–2.918), 0.805

Surgical mortality 1.0 0.747 (0.256–3.734), 1.000

CR, complete revascularization; IR, incomplete revascularization; OR, odds ratio; CI, confidence interval; MI, myocardial infarction; CABG, 
coronary artery bypass grafting.
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cause mortality (6.8% vs. 5.7%, P=0.628, and 4.2% vs. 2.8%, 
P=0.480, respectively). Additionally, a total of 12 patients 
(2.8%) received repeat revascularization at follow-up.  
All 12 patients preferred to PCI rather than repetition of 
CABG surgery due to graft failure (6 patients: 4 in the 
IR group and 2 in the CR group) or disease progressions 
that were not grafted at the time of the initial surgery  
(6 patients: 5 in the IR group and 1 in the CR group).

As presented in Table 5, multivariate Cox regression 
analysis showed that IR was not an independent predictor 
of cardiac death at follow-up (HR =1.215; 95 % CI, 0.883–
2.164; P=0.371). As shown in Figure 2, the two matched 
groups received a similar cumulative survival freedom from 
repeat revascularization in Kaplan-Meier curves (χ2=2.120, 
log-rank P=0.145).

Discussion

The main findings of the current study were as follows: 
(I) CR was achieved in the majority of isolated off-pump 
CABG cases (80.1%); (II) compared with off-pump CR, 
off-pump IR with the LIMA grafting to the LAD received 
acceptable in-hospital and mid-term outcomes.

In this cohort of 1,349 consecutive Chinese patients with 
a triple-vessel lesion undergoing first-time, isolated off-
pump CABG, the incidence of off-pump IR was 19.9%, 
indicating that over 80.0% of patients with a triple-
vessel lesion who underwent isolated off-pump CABG 
received CR. It means that CR could be achieved in the 
majority of off-pump CABG cases (over 80.0%). It should 
be emphasized that off-pump IR rate in this cohort was 
relatively low (19.9%). In a report on the Veterans Affairs 
Continuous Improvement in Cardiac Surgery Program, 
involving 41,139 patients with left main and three-vessel 
lesion, the IR rate among 6,367 off-pump CABG cases was 
up to 29.0% (22). Recently, Head and colleagues conducted 
the SYNTAX trial and reported an IR rate of 36.8% (23). 
The off-pump IR rate in the present study was lower than 
that in those previous reports. The lower off-pump IR rate 
in this study may be related to the high proportion of off-
pump CABG to all CABG cases during the same period 
in our institute. More recently, a study involving a total of 
7,427 off-pump CABG and 7,128 on-pump CABG cases 
reported the off-pump IR rate of 13.3% (12), which was 
below the 19.9% in the current study. The reason for this 
difference needs to be further explored.

A key finding of this study was that patients in the IR 
group and in the CR group received similar in-hospital and 
follow-up outcomes. In our study, univariate analysis showed 
the two groups had comparable surgical mortality and major 
postoperative morbidity. Furthermore, multivariable logistic 
regression analysis revealed that grouping (IR vs. CR) was 
not an independent risk factor for surgical mortality or a 
predictor of major postoperative morbidity. Additionally, 
multivariate Cox regression analysis showed that IR was 
not an independent predictor of cardiac death at follow-
up, and Kaplan-Meier curves showed a similar cumulative 
survival freedom from repeat revascularization between the 
two groups. These results suggested that patients with off-
pump IR shared similar in-hospital and follow-up outcomes 
with patients with off-pump CR. The optimal degree 
of revascularization for patients with triple-vessel lesion 
remained an unsolved issue. A body of evidence showed 
that surgical CR compared to surgical IR was associated 

Table 5 Predictors of cardiac death by Cox regression analysis

Variable HR 95% CI P value

IR/CR 1.215 0.883–2.164 0.371

Age 1.121 1.053–1.186 <0.001

Renal dysfunction 2.482 1.385–4.675 <0.001

LVEF of less than 35% 1.083 1.032–1.141 0.008

HR, hazard ratio; CI, confidence interval; IR, incomplete 
revascularization; CR, complete revascularization; LVEF, left 
ventricular ejection fraction.
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Figure 2 Cumulative survival freedom from repeat revascularization. 
The IR group, patients receiving off-pump incomplete 
revascularization; the CR group, patients undergoing off-pump 
complete revascularization.
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with reduced adverse cardiovascular events and improved 
prognosis. However, it has been reported that patients 
with surgical IR were more likely to present with multiple 
comorbidities and unfavorable anatomy, and this could 
bias the data in favor of surgical CR (24). In recent years, 
the concept of surgical IR progressed from a suboptimal 
or a defective treatment towards the most appropriate 
revascularization technique in some categories of patients (3).  
Vander Salm and colleagues conducted a RCT study 
involving 1,507 CABG patients and found no differences in 
cardiac-related mortality or major adverse cardio-cerebral 
vascular events for CR compared with IR (8). Rastan 
and colleagues performed a cohort study involving 8,806 
CABG patients and found that complex coronary artery 
disease was associated with IR, and IR was not related to 
in-hospital mortality (9). Afterwards, a study conducted by 
Head and colleagues on 870 CABG patients reported that 
no differences emerged between the IR group and the CR 
group in terms of major adverse cardio-cerebral vascular 
events (23). Another RCT study conducted by Milojevic 
reported that surgical IR did not increase the risk of death or 
cardiac adverse events during a median follow-up period of 
5 years (10). The present study indicated that patients in the 
IR group and in the CR group received similar short-term 
and follow-up outcomes. Our results were consistent with 
these previous studies. Grafting of the LIMA to the LAD 
has been proven to be of paramount importance to surgical 
revascularization and is the most effective strategy, and it 
has excellent clinical outcomes. The BARI trial supported 
the hypothesis that grafting more than one target other 
than the LAD did not confer any long-term advantage and 
was associated with an increased mortality risk (8). In a large 
cohort study, Rastan et al. indicated that in the presence of 
LIMA-LAD graft, reasonable surgical IR of the circumflex 
or right coronary artery territory did not adversely affect 
early or long-term survival in patients with multivessel 
lesions (9). These evidence suggested that LIMA grafting to 
the LAD may determine survival rate, independent of the 
presence of other grafts. In this study, all selected patients 
received LIMA grafting to the LAD, with additional 
conduits grafting to other target vessels. A well-functioning 
LIMA-LAD improved survival in patients with multivessel 
lesions and was an established tenant of practice (25).  
Therefore, off-pump IR with LIMA grafting to the LAD 
may be an appropriate revascularization strategy in some 
categories of patients. This study stressed, once again, 
the importance of LIMA grafting to the LAD in surgical 
revascularization.

In this study, the IR group compared with the CR group 
had a higher proportion of high SYNTAX score (score of 
33 or more), suggesting that patients with off-pump IR were 
more likely to present with severely or diffusely diseased 
coronary arteries or small coronary arteries. It meant that 
patients with triple-vessel lesion and high SYNTAX scores 
were more likely to receive IR during off-pump CABG. 
This study also showed that the diagonal arteries and 
circumflex territories were more likely to remain ungrafted 
in the IR group compared with the CR group, suggesting 
that target vessels of left ventricular lateral wall were less 
likely to be revascularized during off-pump CABG. This 
may be related to unstable hemodynamics during off-
pump CABG due to lack of good presentation of the 
target arteries on the lateral aspect of the heart without 
cardiopulmonary bypass support.

The strategy of IR with the LIMA grafting to the 
LAD may be an attractive alternative. However, it did not 
translate into surgical IR as a preferred strategy relative to 
surgical CR. The strategy of off-pump IR with the LIMA 
grafting to the LAD may be a relatively favorable choice 
when it is more difficult to achieve surgical CR. This 
category contained patients with severely diffuse lesions or 
patients without enough conduits to allow revascularization 
of all potential target vessels. Elderly patients, especially 
elderly female patients, with concomitant reduced 
functional capacity and increased comorbid conditions may 
be suitable candidates. In the real-life surgical scenario, 
decision-making regarding which target to graft was often 
driven by the subjective evaluation of the surgeon, of the 
caliber of the vessel and of the additional intraoperative risk 
to obtain a CR of targets which were originally considered 
adequate (>1.5 mm) on the basis of an angiogram (3). 
During surgery, a vessel was not grafted if it was small 
and had a poor runoff, as assessed by the surgeon while 
observing and feeling the vessels (1).

This study had some potential limitations. First, despite 
using propensity score matching, it was only a single-center 
observational study involving a small sample size, which 
may influence the generalizability of its results. A multi-
center study with a larger sample size would be required 
before final confirmation. Second, in our institute, off-
pump CABG surgery has been the first choice for patients 
who were referred for surgical revascularization, and the 
proportion of off-pump CABG to all CABG cases during 
the same period was over 70.0%. Therefore, our results may 
not be in line with evidence from medical centers with low 
proportion of off-pump to all CABG cases or for surgeons 
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in their learning curve period. In addition, our results might 
be true only for cardiac surgeons and anesthesiologists 
who were fully accustomed to the off-pump CABG. 
Third, the definition of surgical IR itself could have been a 
confounding factor. Different definitions of IR have been 
used in studies regarding the incompleteness of surgical 
revascularization. In this study, IR was defined as any 
diseased coronary system with vessel size ≥1.5 mm with 
at least one significant diameter stenosis >50% failing to 
receive a graft, which was used in the majority of previous 
studies (1,17). Some patients in the IR group in this study 
might have been allocated to the CR group or vice versa 
if other definitions had been used. Unfortunately, surgical 
revascularization is still mainly driven by an “anatomy-
based strategy” (26,27), and fractional flow reserve guided 
revascularization is not routinely used. Therefore, it is very 
difficult to know if the smaller caliber vessels normally 
left ungrafted during surgery are actually not functionally 
significant, and if this might partially justify the difference 
in event-free survival. Finally, the duration of follow-up was 
relatively short. A longer observation period was needed to 
confirm our findings.

Conclusions

CR may be achieved in the majority of off-pump CABG 
cases (over 80%). Compared with off-pump CR, off-pump 
IR with the LIMA grafting to the LAD was associated with 
acceptable in-hospital and mid-term outcomes.
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