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Objective  To analyze the short-term outcomes of redo coronary artery bypass grafting (CABG) 
using on-pump and off-pump CABG techniques. 

Methods  From January 2003 to August 2013, non-randomized 80 patients were treated with redo 
CABG in the Department of Cardiac Surgery, Peking University Third Hospital. Among these patients, 40 
underwent on-pump CABG technique (redo-ONCAB group) and 40 underwent off-pump CABG technique 
(redo-OPCAB group). Furthermore, transmyocardial laser revascularization was performed in high-risk 
patients who were not suitable to conventional grafting. Clinical data of the two groups were recorded and 
analyzed including operation time, coronary grafts, incomplete revascularization, postoperative ventilation, 
perioperative stroke, and low output syndrome, etc. 

Results  There were no significantly differences in age, gender distribution, incidences of 
hypertension, stroke, and other clinical characteristics between redo-OPCAB group and redo-ONCAB group 
(all P>0.05), except for incidences of renal dysfunction and pulmonary disease (all P<0.05). The number of 
grafting vessels in the redo-ONCAB and redo-OPCAB groups was 2.1 ± 0.74 and 1.4 ±0.52 respectively. 
There was significant difference between the two groups (P=0.0243). Compared with the redo-ONCAB 
group, there was shorter operation time (P=0.0045), postoperative ventilation (P=0.0211) and intensive care 
unit stay (P=0.0400), as well as fewer use of platelet (P=0.0338) and blood transfusion (P=0.0034) in the 
redo-OPCAB group. The incidence of incomplete revascularization (P=0.0253) and the use of 
transmyocardial laser revascularization (P=0.0052) were higher in the redo-OPCAB group than those in the 
redo-ONCAB group (all P<0.05). However, no significant differences were showed for the incidence of the 
use of intra aortic balloon pump and continuous renal replacement therapy, perioperative stroke, low output 
syndrome, and in-hospital mortality between the two groups (all P>0.05). 

Conclusion  Redo CABG is the safety and efficacy surgical procedure, and redo-OPCAB technique 
with better outcomes is commended especially in high-risk patients. 
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N China, redo coronary artery bypass grafting (redo 

CABG) has gradually increased over the years. 

Morbidity and mortality associated with redo CABG 

are higher than those for first-time CABG.1-3 The 

benefits of off-pump CABG (OPCAB) have been demon- 

strated, yet the application of beating heart surgery for 

redo CABG remains limited because of safety concerns, 

technical challenges, and the higher incomplete revascu- 

larization rate.4-9 The surgery strategies of redo CABG have 

been developed in our hospital since 2003. In this study, 

we retrospectively analyzed the short-term outcomes of 

redo CABG by either on-pump CABG (ONCAB) or OPCAB in 

non-randomized patients.  

PATIENTS AND METHODS 

Patient selection  

From January 2003 to August 2013, 80 patients were 

treated with redo CABG in the Department of Cardiac 

Surgery, Peking University Third Hospital. The mean 

duration from the first CABG to redo CABG was 12±5 

years. Among these patients, 40 patients underwent 

ONCAB (redo-ONCAB group) and 40 patients underwent 

OPCAB (redo-OPCAB group). The exclusion criteria were: 

CABG combined with cardiac valve or ventricular surgery; 

those who had combined with major vascular surgery. 

OPCAB was primarily performed in cases that the 

ascending aorta was not suitable for proximal 

anastomosis or clamp (for example, porcelain ascending 

aorta) and cases with a high risk of organ dysfunction 

after operation. The final decision of procedure depended 

on the surgeon expert responsible for the operation. 

Furthermore, transmyocardial laser revascularization 

(TMLR) was performed in high-risk patients with poor 

vessel quality and diffuse distal diseases which were not 

suitable to conventional grafting in order to promote 

blood flow. All patients underwent open surgery using 

median sternotomy for the previous surgery. These 

operations were performed by the same surgeon. 

 

Surgical technique for redo ONCAB 

All operations were performed under general anesthesia. 

Redo sternotomy was performed using an oscillating saw. 

After completing the dissection around the heart, the 

standard ONCAB technique was applied.10 Procedures of 

the redo ONCAB were performed using standard 

cardiopulmonary bypass (CPB), which was established by 

using ascending aortic and two-stage venous cannulation. 

Redo ONCAB is a beating heart procedure without clamping 

the aorta or hypothermia. 

Surgical technique for redo OPCAB 

After completing the dissection around the heart, a 

standard OPCAB technique was applied.11 A cardiac 

stabilizer (MEDOS, China) was used for the distal 

anastamosis, and an Enclose II manual proximal anas- 

tomotic device (Surgical Systems, Inc., CA, USA) was used 

for the proximal anastomosis. If the redo OPCAB procedure 

was switched to beating redo ONCAB, the distal and 

proximal anastomoses were also completed except that 

standard CPB was installed. 

 

Surgical technique for TMLR 

When CABG technique was finished, TMLR was performed 

in the target areas of the left ventricle which are not 

suitable to conventional grafting. Multiple transmural 

channels of 1 mm in diameter were created individually by 

high energy CO2 laser (PLC Medical Systems, Inc., MA, USA) 

in the posterolateral wall of the left ventricle. Transmural 

penetration by the laser was confirmed by transesophageal 

echocardiography. Bleeding from the channels was 

stopped with external pressure.12, 13 

 

Data collection   

Patients data in the redo-ONCAB group and redo-OPCAB 

group were recorded and analyzed by comparing various 

preoperative, perioperative, and postoperative parameters, 

including operation time, coronary grafts, incomplete 

revascularization, postoperative ventilation, perioperative 

stroke, low output syndrome, blood transfusion requirement, 

intensive care duration, and in-hospital mortality.  

 

Statistical analysis 

Statistical analysis was performed using the SAS 9.1 

software (SAS Institute, Cary, NC, USA). Continuous 

variables were expressed as mean ± standard deviation 

(SD) and categorical variables as frequency or percentage. 

Continuous variables of inter-group were compared using 

Student’s t test. Categorical variables were compared 

using χ2 or Fisher’s exact test. P<0.05 was considered 

statistically significant. 

RESULTS 

Baseline characteristics 

The preoperative demographic data of the two groups are 

showed in Table 1. There were no significantly differences 

in incidence of previous mitral insufficiency, atrial fibrillation 

rhythm, peripheral vascular disease, hypertension, hypercho- 

lesterolaemia, smoking, stroke and diabetes mellitus 

between the two groups (all P>0.05), but the incidences of 

I 
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renal dysfunction and pulmonary disease were higher in 

the redo-OPCAB group than those in the redo-ONCAB 

group (P=0.0180 and 0.0284). (Table 1) 

 

Comparison of perioperative and postoperative clinical 

data 

The operation time was significantly shorter in the 

redo-OPCAB group (P=0.0045). The number of vessels of 

CABG in the redo-ONCAB group was significantly less than 

that in the redo-OPCAB group (P=0.0243). Compared with 

the redo-ONCAB group, there were shorter postoperative 

ventilation (P=0.0211) and intensive care unit stay (P= 

0.0400), as well as fewer use of platelet (P=0.0338) and 

blood transfusion (P=0.0034) in the redo-OPCAB group. 

Another significant differences were the higher incidence of 

incomplete revascularization (P=0.0253) and the use of 

TLMR (P=0.0052) in the redo-OPCAB group. However, no 

significant differences were showed for the incidence of the 

use of continuous renal replacement therapy and intra 

aortic balloon pump, perioperative stroke, low output 

syndrome, and in-hospital mortality between the two 

groups (all P>0.05). (Table 2) 

 

Table 1. Comparison of preoperative characteristics between redo-ONCAB and redo-OPCAB groups (n=40) 

Groups 
Age§  

(yrs) 

Female 

n (%) 

NYHA III/IV 

n (%) 

LVEF§ 

(%) 

Unstable angina 

n (%) 

Previous MI 

n (%) 

AF rhythm 

n (%) 

Stroke 

n (%) 

Redo-ONCAB  60.40±8.79 8(20.0) 13(32.5) 0.49±0.26 6(15) 3(7.5) 4(10.0) 2(5.0) 

Redo-OPCAB  62.00±7.38 11(27.5) 15(37.5) 0.43±0.10 8(20) 5(12.5) 7(17.5) 1(2.5) 

P value 0.7498 0.4306 0.6393 0.4563 0.5562 0.4561 0.3301 0.5562 

Groups 

Peripheral 

vascular disease 

n (%) 

 

Hypertension 

n (%) 

Hypercholestero-

laemia 

n (%) 

Diabetes 

mellitus 

n (%) 

Renal 

insufficiency 

n (%) 

Pulmonary 

disease 

n (%) 

 

Smoking 

n (%) 

Redo-ONCAB  8(20.0) 23(57.5) 28(70.0) 21(52.5) 1(2.5) 2(5.0) 15(37.5） 

Redo-OPCAB 11(27.5) 19(47.5） 31(77.5) 18(45.0) 9(22.5) 10(25.0) 20(50.0) 

P value 0.4306 0.3705 0.4459 0.5022 0.0180 0.0284 0.2598 

§:Plus-minus values are means±SD. 

ONCAB: on-pump coronary artery bypass grafting; OPCAB: off-pump coronary artery bypass grafting; NYHA: New York Heart Association 

classification; LVEF: left ventricle ejection fraction; MI: mitral insufficiency; AF: atrial fibrillation. 

 

Table 2. Comparison of postoperative characteristics between redo-OPCAB and redo-ONCAB groups (n=40) 

Groups 
Operation time§ 

(min) 

Coronary grafts§ 

n (%) 

Incomplete 

revascularization 

n (%) 

TMLR 

n (%) 

CK-MB§ 

(U/L) 

cTnT§  

(ng/ml) 

Low output 

syndrome 

n (%) 

Inotrope 

requirement 

n (%) 

Redo-ONCAB  361.8±87.78 2.1±0.74  4(10)  5(12.5) 78.33±45.54 2.05±2.37 8(20) 13(32.5) 

Redo-OPCAB  256.7±39.15 1.4±0.52 12(30) 16(40.0) 23.00±14.20 0.44±0.42 6(15) 12(30.0) 

P value 0.0045 0.0243 0.0253 0.0052 0.0297 0.0486 0.5562 0.8094 

Groups 
IABP 

n (%) 

CRRT 

n (%) 

Postoperative 

ventilation§ 

(h) 

Blood 

transfusion 

n (%) 

Platelet 

transfusion  

n (%) 

Perioperative 

stroke 

n (%) 

ICU 

duration§ 

(d) 

30-days 

mortality 

n (%) 

Redo-ONCAB  5(12.5) 3(7.5) 29.50±7.17 18(45) 8(20.0) 5(12.5) 4.35±2.14 4(10.0) 

Redo-OPCAB  3(7.5) 4(10.0) 16.48±7.29  6(15) 1(2.5) 1(2.5) 2.65±1.16 3(7.5) 

P value 0.7049 0.6923 0.0211 0.0034 0.0338 0.0895 0.0400 0.6923 

§:Plus-minus values are means±SD. 

TMLR: transmyocardial laser revascularization; CK-MB: creatine kinase-MB; cTnT: cardiac troponin T; IABP: intra aortic balloon pump; 

CRRT: continuous renal replacement therapy; ICU: intensive care unit stay. 



Vol. 30, No.1                      CHINESE MEDICAL SCIENCES JOURNAL                              31 

 

 

DISCUSSION 

Redo CABG provides several technical challenges that 

distinguish it from conventional CABG. The benefits of 

OPCAB have been demonstrated, yet the application of 

beating heart surgery to redo CABG remains limited 

because of safety concerns, technical challenges and the 

higher incomplete revascularization rate, especially in high- 

risk patients with poor vessel quality and diffuse distal 

disease. Another drawback of this technique is the 

hemodynamic deterioration which can occur in manipu- 

lation of the heart during surgery. Conventional 

non-beating heart ONCAB is still the standard technique 

used in coronary artery surgery in many hospitals and 

believed to help to acquire complete revascularization. 

Complications in relation to this technique are due to the 

release of inflammatory mediators, the use of cardioplegia, 

aortic cross clamping, and hypothermia. Blood contact with 

the artificial surfaces of the CPB circuit produces a 

well-documented diffuse inflammatory response which 

affects multiple organ systems. Virtually all detrimental 

effects of this diffuse inflammatory response are associated 

with long duration of CPB.14 Considering the above 

mentioned reasons, we established the surgical strategy 

for redo CABG in our cardiac center. The major indications 

for redo OPCAB were cases in which the ascending aorta 

was not suitable for proximal anastomosis or clamp and 

cases with a high risk of postoperative organ dysfunction 

(such as kidney insufficiency or lung insufficiency). Some 

high-risk patients with poor vessel quality and diffuse distal 

disease adopted redo OPCAB combined with TMLR 

(redo-OPCAB+TMLR). As for other cases, the standard 

ONCAB technique was applied without clamping the aorta 

and without hypothermia. This technique can not only 

avoid some complications in relation with the use of 

cardioplegia, aortic cross clamping, and hypothermia of 

CPB, but also it may achieve complete revascularization 

and lower difficulty of operation. Allen et al 10,15 reported 

that an important criticism of off-pump (beating heart) 

operation focuses on the accuracy of anastomosis compared 

with OPCAB. 

According to our present retrospective study, we 

confirmed the safety and efficacy for both surgical 

procedures of redo CABG, and the redo OPCAB technique 

with better outcomes was applied especially in high-risk 

patients. Our results indicated that redo OPCAB patients 

had shorter operation time, less postoperative blood loss, 

shorter postoperative ventilation, and intensive care unit 

stay.  

Stroke is a devastating complication that increases 

mortality, morbidity, hospital stay and cost. Although there 

was no statistically significant difference in perioperative 

stroke between the two groups, the incidence of 

perioperative stroke in the redo-ONCAB group was higher 

than that in the redo-OPCAB group in this study 

(P=0.0895). In the redo-OPCAB group, we performed an 

aortic no-touch procedure, in which there was no surgical 

manipulation of the ascending aorta compared with the 

standard CABG. Patients received vein grafts with an 

anastomosis assist device, Enclose II. Completely 

avoidance of “side-biting” clamps in redo OPCAB could 

reduce the incidence of neurological complications in the 

case of severe atheromatous aortas occurred frequently in 

elderly patients. The more applications of no-touch 

technique to avoid any manipulation of atheromatous and 

calcified ascending aortas, the stroke rate appeared lower 

in the redo-OPCAB group. Furthermore, among patients 

receiving transfusions, there were fewer different blood 

products administered in the redo-OPCAB group compared 

with the redo-ONCAB group. Transfusion of blood products 

after CABG has a strong, dose-dependent association with 

the risk of stroke. The use of platelet transfusions seems to 

have an even stronger impact on the development of 

stroke than red blood cell transfusions.16 

Acute renal failure (ARF) after cardiac surgery has been 

clearly associated with higher mortality rate in the early 

postoperative period.17 In most cases, ARF is not the single 

complication following cardiac surgery and is associated 

either with inflammatory response (systemic inflammatory 

response syndrome, especially sepsis or septic shock) or 

cardiogenic dysfunction combined with diuretic drug 

resistance.18 It is known that the CPB and pulmonary- 

myocardial reperfusion activate the innate and adaptive 

immune systems. The extent of this immune reaction has 

been linked to postoperative complications also occurred in 

redo CABG.19 Therefore, the avoidance of CPB and 

subsequent myocardial ischemia reperfusion has been 

proposed in order to greatly reduce postoperative 

complications, such as renal dysfunction.20 In 2005, 

continuous renal replacement therapy (CRRH) was 

regarded as the preferred therapeutic strategy for all 

patients who would develop ARF with diuretic drug 

resistance and cardiogenic shock after cardiac surgery. In 

this study, the incidence of preoperative renal insufficiency 

in the redo-OPCAB group (22.5%) was higher than that in 

the redo-ONCAB group (2.5%), while the rate of renal 

failure requiring postoperative CRRH was similar between 

the two groups (10.0% versus 7.5%, P=0.6923).  

OPCAB has also been shown to lead to better recovery 
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of myocardial oxidative metabolism, myocardial function, 

and a lower requirement for inotropic agents.21, 22 In this 

study, we found that the level of cardiac troponin T was 

higher in the redo ONCAB group than that in the redo- 

OPCAB group, which reflected the greater heart trauma 

associated with redo ONCAB. It was also found that the 

need for installation of intra aortic balloon pump was higher 

in the redo-ONCAB group than that in the redo-OPCAB 

group after operation, which may be associated with 

reduced cardiac contractility as a result of myocardial 

edema secondary to global ischaemia and greater reperfusion 

injury after redo ONCAB.  

In this study, the efficacy of TMLR was also evaluated, 

which as an adjunct to CABG in some patients who had 

distal, diffuse coronary artery disease and not amenable 

to optimal revascularization by conventional means. TMLR 

may avoid the disturbance of the hemodynamic 

deterioration and lower difficulty of the operation. Despite 

with encouraging clinical results, objective evidence for 

improved myocardial blood following TMLR remains 

controversial. Many studies showed that TMLR provided a 

long-term improvement in quality of life including Canadian 

Cardiovascular Society (CCS) angina class or New York 

Heart Association classification (NYHA) heart functional 

class for about 70% patients with severe angina pectoris.12 

The various shapes of myocardial laser channels would 

always be visible after TMLR by the color Doppler velocity 

technique. The survival rate of 5-years of TMLR as a sole 

treatment in Chinese patients was 64%.23 Although it is 

impossible for some cases to realize the complete 

revascularization using TMLR combined with CABG, the 

results were also satisfied. We considered that complete 

revascularization, the long-term patency of the small 

bypass grafts depended on various factors. If it takes our 

20-30 minutes or risk of haemodynamic instability to 

reconstruct each graft anastomosis, the negative effects of 

a prolonged operation outweigh benefit of multiple 

complete revascularizations of small vessels. 

This study had several limitations: firstly, our study is 

the retrospective single-center methodology and not a 

randomized clinical trial; secondly, the small sample size 

used in this study remains as a limitation for further 

analysis.  

In conclusion, the present study demonstrated that the 

safety and efficacy for both ONCAB and OPCAB techniques. 

Furthermore, the redo OPCAB or redo-CABG+TMLR 

technique tends to have a better prognosis in this selective 

patients. Our strategy is very effective in preventing 

haemodynamic instability and reducing morbidity in 

high-risk patients. 
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