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ORIGINAL ARTICLE

Off-Pump Coronary Artery Bypass Surgery in
Severe Left Ventricular Dysfunction

Rasoul Azarfarin, MD, Leili Pourafkari, MD, Rezayat Parvizi, MD,
Azin Alizadehasl, MD, Roghaiyeh Mahmoodian, MS

Cardiovascular Research Center

Tabriz University of Medical Sciences

Tabriz, Iran

ABSTRACT
Our aim was to examine hospital outcomes of coronary artery bypass surgery in

patients with and without left ventricular dysfunction, with regard to the surgical

technique (off- or on-pump). Between March 2007 and March 2008, 689 consecutive

patients underwent isolated first-time coronary artery bypass; 127 had ejection

fractions �30% (group 1) and 562 had ejection fractions 430% (group 2). Data of

preoperative risk profiles and hospital outcomes were collected prospectively. Off-

pump operations were performed in 49 (38.6%) patients in group 1 and 196 (34.9%) in

group 2. The incidences of infectious, neurologic, and cardiac complications

postoperatively were significantly higher in group 1. In multivariate analysis,

preoperative ejection fraction �30% was found to be an independent risk factor for

postoperative complications and hospital mortality. The subgroup of patients under-

going off-pump surgery in both groups had a significantly lower rate of total

complications than those undergoing conventional on-pump operations, but no

significant difference in mortality was observed between those undergoing off-pump

or conventional surgery in either group. Off-pump surgery helped to limit the

increased morbidity rate after coronary bypass in patients with ventricular dysfunction.

(Asian Cardiovasc Thorac Ann 2010;18:44–8)

KEYWORDS: Left Ventricular Dysfunction, Coronary Artery Bypass, Off-Pump,

Hospital Mortality, Postoperative Complications

INTRODUCTION

Despite improvements in medical treatment and surgical

techniques, the management of patients with coronary

artery disease and left ventricular (LV) dysfunction is

still debated.1 Medical treatment has often been unsa-

tisfactory with poor long-term survival.2,3 Alternatives

include heart transplantation, implantation of an LV

assist device, and coronary artery bypass grafting

(CABG).1,4,5 The first 2 options are limited by the

lack of organ donors and high costs. CABG has been

shown to be superior to medical therapy alone for

patients with LV dysfunction, although it still represents

a technical challenge.4,6–8 Surgical revascularization in

these patients has historically been associated with high

perioperative mortality and morbidity, making cardiol-

ogists reluctant to refer them for CABG, and surgeons

hesitant to accept them.5,9 Such patients are still

considered to be at higher risk, with a higher mortality

rate than those with normal LV function.1,6,8 A low LV

ejection fraction (EF) is associated with increased

30-day mortality.1 However, recent studies have

shown improved outcomes of CABG in patients with

LV dysfunction, encouraging surgical revascularization

in this high-risk group.5,11 As increasing numbers of

patients with LV dysfunction are being referred for

CABG, more study is needed to identify the factors

affecting surgical outcome. We investigated postopera-

tive complications and hospital mortality in patients
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with and without severe LV dysfunction undergoing

either off-pump coronary artery bypass (OPCAB) or

conventional CABG on cardiopulmonary bypass (CPB).

PATIENTS AND METHODS

This was a single institutional observational study at

Tabriz Madani Heart Center, a tertiary referral center in

the northwest of Iran, between March 2007 and March

2008, on 689 consecutive patients who underwent

isolated first-time CABG. Of these, 127 (18.4%)

patients had EF �30% (group 1), and 562 (81.6%) had

EF430% (group 2). An off-pump technique was used in

49 (38.6%) operations in group 1, and 196 (34.9%) in

group 2. All data were collected prospectively during

hospitalization, including demographic characteristics,

risk factors and comorbidities, operative and postoper-

ative data. Patients with a body mass index430 kg m�2

were considered obese, and those 475-years old were

categorized in the advanced age group. Prolonged aortic

crossclamp time and pump time were defined as

490 min, and 4120 min, respectively. Infectious com-

plications included pneumonia, wound infection, uri-

nary tract infection, and sepsis. Cardiac complications

were defined as life-threatening arrhythmias, severe

hemodynamic disturbance (430% decrease in mean

arterial pressure vs. baseline), myocardial infarction, use

of 2 or more inotropics, and intraaortic balloon pump

insertion. Patients who had associated cardiac surgical

procedures, such as aneurysmectomy or concomitant

valvular surgery, and those who had prior CABG or

moderate to severe mitral regurgitation were excluded

from this study.

Preoperative angiography and echocardiography were

performed in all patients in our center or in the referring

center. EF was determined preoperatively by angiogra-

phy and echocardiography. All patients underwent

CABG (on- or off-pump) through a full median

sternotomy. In the 444 patients who had conventional

CABG, CPB with hypothermia (systemic temperature of

30�C–34�C) was instituted after routine anesthesia. In

the 245 patients who had OPCAB, stabilization of the

target vessels was carried out using a tissue stabilizer,

and heparin was administered. Intraluminal shunts were

used when deemed necessary by the operating team. The

decision for OPCAB was made on the basis of the

preference of the surgeon and with regard to associated

preoperative morbidities and coronary artery anatomy.

OPCAB was preferred to reduce CPB-related complica-

tions in patients who were considered at high risk for

CPB due to comorbidities, and also in those with

noncalcified coronary vessels with non-intramuscular

courses, and target arteries41.5 mm in size.

Continuous data are expressed as median and inter-

quartile range, and categorized data as percentages.

Patient characteristics and hospital outcomes were

compared by univariate analysis using the t test for

continuous variables and the chi-squared or Fisher’s

exact test for categoric variables. Multivariate analysis

with logistic regression was used to determine indepen-

dent risk factors for hospital mortality and postoperative

complications. The nonparametric Mann-Whitney U test

was used to assess the significance of differences

between means with unequal sample sizes. A p value

<0.05 was considered statistically significant. SPSS

statistical software version 16.0 (SPSS, Inc., Chicago,

IL, USA) was used for all analyses.

RESULTS

Baseline characteristics of the study groups are shown in

Table 1. There were no significant differences between

the 2 groups in terms of age and sex distribution. Group

2 had higher incidences of diabetes mellitus, hyperten-

sion, obesity, and smoking history, but there was no

difference in the prevalence of advanced age. Operative

data are shown in Table 2. Patients in group 1 required

prolonged CPB time significantly more often.

Postoperative complications are summarized in

Table 3. The incidences of cardiac complications,

neurologic events, and infections were significantly

higher in patients with ventricular dysfunction, reflected

in longer ventilation time, intensive care unit stay, and

hospitalization. Postoperative data according to the

method of surgery are shown in Table 4. The subgroup

Table 1. Baseline characteristics of patients with (group 1)

and without (group 2) ventricular dysfunction

Variable Group 1 Group 2 p Value

No. of patients 127 562

Age (years) 57.8� 9.9 58.4� 9.5 0.553

Sex (male/female) 104/23 422/140 0.114

Ejection fraction 27.0%� 4.1% 48.2%� 7.8%

Diabetes mellitus 102 (80%) 174 (31%) 0.0001

Hypertension 101 (80%) 298 (53%) 0.0001

Smoker 107 (84%) 258 (46%) 0.0001

Obese 20 (16%) 179 (32%) 0.0001

Age475 years 10 (8%) 60 (11%) 0.372

3-vessel disease 93 (73%) 401 (71%) 0.673

Table 2. Operative data in patients� ventricular dysfunc-

tion undergoing coronary artery bypass

Variable Group 1 Group 2 p Value

No. of patients 127 562

Off-pump surgery 49 (38.6%) 196 (34.9%) 0.503

Crossclamp time490 min 16 (12.6%) 33 (5.9%) 0.073

Pump time4120 min 50 (39.4%) 109 (19.4%) 0.0001
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of patients undergoing OPCAB surgery in both groups

had a significantly lower total complication rate than

those undergoing CABG under CPB. Patients with

severe LV dysfunction had a significantly higher hos-

pital mortality rate. The causes of death in group 1

patients were cardiogenic shock in 8, arrhythmia in 1,

and sepsis in 2. The causes of death in group 2 were

cardiogenic shock in 6 patients, mediastinitis in 1,

multiorgan failure in 2, and arrhythmia in one. In

multivariate analysis with logistic regression, preoper-

ative EF�0.3 was found to be an independent risk factor

for postoperative complications (p¼ 0.042) and hospital

mortality (p¼ 0.001) after CABG. Patients undergoing

OPCAB, regardless of EF, had lower rates of cardiac

complications and total complications, and shorter

mechanical ventilation times.

DISCUSSION

It has been shown that CABG provides a survival benefit

over medical therapy alone in patients with LV

dysfunction and coronary artery disease.2,3

Alternatives to CABG, such as implantation of LV

assist devices and transmyocardial laser revasculariza-

tion, are restricted; therefore, CABG offers the only

feasible chance of improved survival for most patients

with severe LV dysfunction.7,12 Nevertheless, the out-

comes have often been controversial and depend on

patient selection, baseline workup, and critical decision-

making.8 In a systematic review of CABG trials,

Nalysnyk and colleagues10 identified low EF, history

of stroke, myocardial infarction, or heart surgery, and

the presence of diabetes or hypertension with increased

30-day mortality. Morrison and colleagues13 found

higher early mortality in patients with severe LV

systolic dysfunction, in a review of prospective and

retrospective registries including more than 2,000

patients. OPCAB has gained popularity in recent

years, and may improve the outcome in cases of

severe LV dysfunction.12 Gurbuz and colleagues14

reported that experienced surgeons can perform

OPCAB with similar rates of adverse cardiac events

to conventional CABG. Elderly patients with multiple

comorbidities may benefit most from OPCAB.15

Al Ruzzeh and colleagues16 noted that OPCAB in

high-risk patients with multivessel disease had a similar

30-day mortality but fewer major complications than

CABG.

Patients with LV dysfunction constituted 18.4% of our

study population, in contrast to 4%–17% in other

studies.1,7,14,17 The higher incidence of low EF in our

study could be explained in part by the fact that our

institution is a tertiary referral center. In addition, with

ongoing improvements in percutaneous techniques, the

number of low-risk patients offered CABG as primary

revascularization has decreased. Our 2.2% hospital

mortality in patients with EF430% compares favorably

with similar studies. Hospital mortality has been

reported as 2.7%–3% in patients with EF of 31%–

40%, and 1.4%–1.6% in those with EF 440%.1,7 The

mortality rate of 9.5% in patients with LV dysfunction in

our study was higher than expected, probably due to

multiple factors. Unlike some previous series, we did not

exclude urgent and emergency operations. Also, the

more restricted definition of LV dysfunction as EF

<30%, rather than higher cut-off points of 35% or 40%

in some studies, might be somewhat responsible.4,18,19

The higher incidence of comorbidities in the LV

dysfunction group might also be a factor (e.g. 80%

had diabetes).1,5–8 Operative mortality in 141 patients

with EF <25% was 7% in a study by Bouchart and

colleagues.6 Shapira and colleagues5 did not identify

low EF per se as a predictor of hospital mortality, but

found it was associated with a higher incidence of

postoperative complications; they concluded that CABG

should be considered a safe and effective treatment for

patients with LV dysfunction. In contrast, we found that

preoperative EF �30% was an independent risk factor

for postoperative complications and hospital mortality.

A large study on 55,515 patients undergoing CABG

concluded that those with low EF were sicker at baseline

and had more than 4-times higher mortality than patients

with normal EF.1 We found significantly higher rates of

Table 3. Postoperative data in patients� ventricular dysfunction

Variable Group 1 Group 2 p Value

Cardiac complications 45 (35.4%) 106 (18.9%) 0.0001

Neurologic events 7 (5.5%) 9 (1.6%) 0.042

Infectious complications 7 (5.5%) 5 (0.9%) 0.033

Inotropic use 40 (31.5%) 99 (17.6%) 0.041

Intraaortic balloon pump 13 (10.2%) 2 (0.4%) 0.001

Ventilation time (h) 10.3 (6.3–19.0) 6.0 (5.0–9.5) 0.0001

Intensive care (days) 4.0 (3.0–5.0) 3.0 (2.0–4.0) 0.0001

Hospital stay (days) 14.0 (9.0–22.0) 7.0 (6.0–8.0) 0.0001

Mortality 12 (9.4%) 12 (2.1%) 0.001
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postoperative cardiac complications, neurologic events,

and infections, intraaortic balloon pump and inotropic

support in patients with LV dysfunction. Few studies

have addressed this issue.1,6

The rate of total complications in our study was

significantly lower in patients undergoing OPCAB in

both groups. Arom and colleagues20 reported operative

mortality of 4.4% for OPCAB in patients with EF

<30%, compared to 7.5% in the on-pump population,

and suggested that OPCAB could be a viable alterna-

tive to conventional CABG on CPB, particularly for

patients with LV dysfunction. In a study on the effect

of CPB on outcomes of myocardial revascularization

in patients with low EF, Darwazeh and colleagues4

found a lower mortality rate after OPCAB (6.1% vs.

10.7%) in spite of a higher preoperative predicted risk

score. Our patients with low EF undergoing OPCAB

had a mortality rate of 6.1% vs. 11.5% in those

undergoing conventional CABG, in agreement with

the results of previous studies.

The present study has some limitations that deserve

mention. One pertains to the restriction of clinical

outcomes to postoperative morbidity and hospital

mortality, with no follow-up beyond these endpoints.

Further studies to investigate long-term outcomes are

necessary. Another limitation is that we did not catego-

rize low EF patients on the basis of symptoms (failure

predominant or angina predominant) or routinely per-

form myocardial viability evaluations. Patients with LV

dysfunction and anginal symptoms with larger propor-

tions of viable myocardium may benefit more from

CABG than those with symptoms of cardiac failure in

the absence of angina.6 A further limitation is that we

used EF for the definition of LV dysfunction. Although

most similar studies used the same definition, it may not

be reliable because it overlooks other important para-

meters such as LV dilation and extent of akinetic scars.8

Also, we did not investigate completeness of revascu-

larization; there have been concerns regarding incom-

plete revascularization in OPCAB compared to

conventional CABG.4

Patients with compromised LV function more frequently

experience postoperative complications, and hospital

mortality remains higher than those without LV dys-

function. This increased mortality risk is not prohibi-

tively high in patients who stand to benefit significantly

from surgical revascularization, but it emphasizes the

need for careful patient selection and preoperative

attention in this high-risk group. Our data support a

reduction by OPCAB of the higher postoperative mor-

bidity in patients poor LV function; however, there was

no improvement in hospital mortality.
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