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ABSTRACT 

Objective: To determine the rate of postoperative bleeding and blood transfusions in patient undergoing 
coronary artery bypass surgery for coronary artery disease during OPCAB or conventional CABG.  
Study Design: Comparative cross-sectional study.  
Place and Duration of Study: Adult Cardiac Surgery Departments of Armed Forces Institute of Cardiology & 
National Institute of Heart Disease (AFIC/NIHD) Rawalpindi, Pakistan from 1 July 2017 to 31 Dec 2017. 
Material and Methods: Two hundred patients undergoing coronary artery bypass surgeries performed with 
(Conventional CABG) or without cardiopulmonary bypass. 
(Off pump CABG /OPCAB) were enrolled in the study and were divided into two equal groups. All procedures 
were elective. Careful monitoring was carried out on hourly basis. The rate of postoperative chest drainage and 
number of blood transfusions received were measured in both groups. 
Results: As compared to the OPCAB group, the patients in CPB group required ion tropic support for a longer 
duration (29.6 ± 65.1 vs 60.9 ± 71.2, p-value <0.02).  Similarly, the rate of chest drainage was significantly higher in 
conventional CABG Vs OPCAB (45% vs 30% p<0.026).  Requirement of blood transfusion (RCC) was significantly 
higher in conventional CPB vs OPCAB group (1.6 ± 1.6 vs 1.0 ± 1.2, p-value 0.04). Mechanical ventilation time was 
almost same in both groups with median value of 6 hours. 
Conclusions:  Our study concluded that the main advantages of OPCAB technique are that there is less amount of 
postoperative chest drainage and it makes it possible to decrease the number of blood transfusions after surgery. 

Keywords: Blood transfusion, Coronary artery bypass grafting, Cardiopulmonary bypass, Off-pump coronary 
artery bypass, On-pump coronary artery grafting, Red cell concentrate. 

 

INTRODUCTION 

Ischemic heart disease is one the leading 
causes of death in the world1,2. Coronary artery 
bypass grafting (CABG) remains the standard 
treatment option in patients with extensive 
coronary artery disease3. The majority of cardiac 
procedures are carried out using the 
cardiopulmonary bypass (CPB), but those 
performed without, in the recent years, have 
relatively less rate of complications, as these 
avoid systemic inflammatory response syndrome 
(SIRS) produced by the use of extracorporeal 

circuit4-6. This systemic inflammation can involve 
many organs and is usually self-limiting.  

There is an ongoing debate regarding the 
clinical outcomes after on-pump versus off-pump 
coronary artery bypass (ONCAB versus OPCAB) 
surgery and postoperative bleeding remains a 
major concern. 

The aim of this retrospective study is to 
compare the effect of CPB, either used or not, on 
the rates of postoperative bleeding and packed 
red cell transfusions after coronary surgery, as 
these are closely related with increased hospital 
mortality and morbidity, patients survival, blood 
transfusion reactions, wound infections and 
sepsis7-9.  
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MATERIAL AND METHODS  

Patients  

All patients below the age of 70 years who 
underwent elective isolated CABG surgery using 
a median sternotomy approach at a tertiary care 
cardiac facility, between July 2017 and December 
2017 were acquired from the adult cardiac 
surgery database. The decision to perform the 
operation, either on-pump or off pump was made 
by the operating surgeon. Patients with age of 
more than 70 years, redo surgeries, cases who 
were intended to be operated off-pump but were 
later converted to on-pump after initiation of 
coronary grafting, those having difficult coronary 
anatomy ending up in endarterectomy or venous 
patch plasty and patients with lateral 
thoracotomy incisional approaches were 
excluded. The study was approved by the 
hospital’s institutional ethical review board.  

This study included 200 patients, 100 
patients underwent coronary surgery with CPB 
(group-1) and 100 cases were subjected to 
OPCAB grafting (group-2). All patients included 
in the study were subjected to full history, local 
and general physical examination, routine 
laboratory investigations, imaging studies before 
surgery that included Chest x-rays, 2D-Echoes, 
Carotid Doppler. 

The primary endpoints of interest were 
packed red blood cell transfusions, re-operation 
rate for bleeding or cardiac tamponade, and 12 h 
and total postoperative chest tube drainage. Pre-
operative parameters which were analyzed 
included age, gender, Body Mass Index (BMI) 
and co-morbid conditions, whereas operative 
characteristics included cardiopulmonary bypass 
time and cross clamp time. 

Pre-operative Considerations 

In both groups, patients were using dual 
antiplatelet therapy in the form of Aspirin and 
Clopidogrel pre-operatively, which was stopped 
3 days and 5 days before operation respectively. 
No patient received oral or parenteral anti-
coagulants before surgery. 

Anesthesia and Anticoagulation Management  

Patients in both groups, undergoing OPCAB 
or conventional CPB surgery, received the same 
anaesthetic regimen. In CABG group, before 
initiation of CPB, a bolus dose of 300-400 IU/kg 
of heparin was given to achieve a kaolin activated 
clotting time (ACT) of at least 480 seconds. 
Additional heparin was infused on CPB if 
required. After termination of CPB, 3-4 mg/kg 
protamine was given to fully reverse the 
anticoagulant effect of heparin. In the OPCAB 
group, 150 IU/kg of heparin was administered 
before division of the internal mammary artery   
to maintain an ACT of 250-350 seconds. On 
completion of anastomoses in patients 
undergoing OPCAB, 0.75 mg/kg protamine was 
given to partially reverse the heparin. Anti-
fibrinolytics in the form of alpha aminocaproic 
acid were injected at the surgeon’s discretion.  

Operative and Perfusion Procedure  

OPCAB surgery was performed through a 
median sternotomy approach. Stabilization of  
the target coronary artery was achieved by    
using either a compression device or suction 
apparatus. Operative blood was aspirated into a 
blood salvaging system to be concentrated, 
washed, and transfused if enough was collected. 
A perfusionist remained on standby for 
emergency institution of CPB if required. While, 
surgery in CPB group was performed through     
a full sternotomy incision using a membrane 
oxygenator and a roller pump. The circuit was 
primed with 2200 mL of Hartman solution or 
1700 mL Hartman and 500 mL 4% albumin 
solution with 10,000 units of heparin. An addition 
of 10 g of mannitol was made while priming the 
circuit of CPB in patients who had a preoperative 
creatinine of >0.15 mmol/L. Institution of CPB 
was achieved by cannulating the ascending aorta 
and right atrium. After cross-clamping, antegrade 
or retrograde blood cardioplegia was infused for 
myocardial protection of the arrested heart. 
Minimum systemic temperatures ranged from 
28°C to 34°C. Perfusionist preference determined 
whether all or part of the cardiotomy blood was 
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returned to the CPB circuit or collected in a cell-
saving device for subsequent processing. After 
weaning from CPB, the residual blood in the 
extracorporeal circuit was salvaged and 
processed either through a cell-saving device or 
simply bagged before patient reinfusion. At least 
two chest drains were inserted in the pericardium 
and pleura if internal mammary arteries were 
harvested. These drains were connected to a low 

suction system (-20 cm H2O) after closure of the 
chest. Total chest drainage was recorded as the 
volume of blood in the collection receptacle from 
closure of the chest until removal of the chest 
drains. 

Postoperative Care  

Treatment of patients undergoing on-pump 
or off-pump coronary surgeries followed a 
standardized care from operation to discharge 
irrespective of the type of procedure performed.  

Transfusion Protocol  

For patients in both groups, the decision      
to transfuse homologous packed RBCs was  
based on the patient’s clinical assessment like 
pulse, blood pressure, urine output and/or a 
haematocrit (Hct) level (<20%). Postoperatively, 
blood transfusions were given when hemoglobin 
level fell to <10 g/dL. 

Reoperation Protocol  

Re-exploration was performed if bleeding 
exceeded 400 mL/0.5 h, >300 mL/h, or >200 
mL/h for 2 hours despite correction of any 
coagulopathies. Re-operations were also 
indicated if there were clinical signs of cardiac 
tamponade such as tachycardia, increasing 
central venous pressures, or decreasing urine 
output, usually associated with a sudden 
reduction in chest tube drainage.  

Table-I: Clinical characteristics and demographics (CPB vs OPCAB). 
Variables CPB n=100 OPCAB n=100 
AGE 
(Mean ± SD) 

 
57.5 ± 8.9 

 
59.1 ± 7.2 

Gender n(%) 
Male 
Female 

 
85 (84.2%) 
16 (15.8%) 

 
76 (76%) 
24 (24%) 

BMI 
(Mean ± SD) 

 
27.0 ± 4.1 

 
29.2 ± 5.4 

NYHA Class 
I 
II 
III 
IV 

 
28 (28 %) 
29 (29%) 
43 (43 %) 

NIL 

 
23 (23%) 
34 (34%) 
43 (43%) 

NIL 
Hypertension 54 (54 %) 52 (52%) 
Diabetics 46 (46 %) 44 (44%) 

Smoking 
Ex-Smokers 
Current Smokers 

 
21 (21 %) 
11 (11%) 

 
25 (25%) 
7 (7%) 

Table-II: Angiographic data (CPB vs OPCAB). 
Variable CPB n=100 OPCAB n=100 
Extent of Coronary artery disease 
Single vessel 
Double vessel 
Triple vessel 

 
2 (2%) 

14 (14%) 
84 (84%) 

 
5 (5%) 

20 (20%) 
75 (75%) 

Left Main stem disease >70% 17 (17%) 15 (15%) 
 



Blood Transfusions in Coronary Artery Bypass Surgery Pak Armed Forces Med J 2018; 68 (Suppl-1): S86-S92 

S89 
 

Data Collection and Statistical Analysis  

Statistical analyses were performed using 
SPSS version 23 with two tailed tests performed 
and a p-value<0.05 was considered significant. 
Data are summarized as the mean ± SD for 
continuous variables and as frequency and 
percentages for categorical variables. The two 
groups (CPB or CABG vs OPCAB) were 
compared using the Chi-square or Fisher exact 
test for categorical data and unpaired t tests. 

RESULTS  

Of the total 200 patients, 100 cases were 
included in each CABG or CPB group. Patients   
in both groups were similar in terms of 
demographic features, pre-operative charac-
teristics, re-do operations and incidence of co-
morbid conditions. In OPCAB group, there were 
76 males (76%) and 24 females (24%) with a mean 
age of 59.1 ± 7.2 years, whereas, in CPB group, 
there were 85 males (85%) and 16 females (16%), 
with a mean age of 57.5 ± 8.9 years. Fifty two 
patients (52%) had hypertension in OPCAB 

group, while 54 (54%) patients were hypertensive 
in the CPB group. In OPCAB group, 44 patients 
(44%) were known to be diabetic and the number 
was 46 (46%) in CPB group. 7 (7%) were smokers 
in OPCAB patients and there were 11 (11%) 
smokers in group-2. In OPCAB group, 23 patients 
(23%) had NYHA class I, 34 patients (34%) had 
NYHA class II, and 43 (43%) patients were 
having NYHA class III symptoms. While in 
CABG group, 28 patients (28%) had NYHA class 

I, 29 patients (29%) had NYHA class II, and 43 
(43%) cases were in NYHA class III (table-I). 

The patients in CPB group had tendency to 
have multi-vessel disease than those in OPCAB 
(off pump) group. In CPB group, there were 85 
patients (85%) who had triple vessel disease vs 75 
(75%) patients in OPCAB group, 20 patients 
(20%) had double vessel disease in OPCAB vs 14 
patients (14%) in CPB; however, there were only 
5 patients (5%) who had single vessel disease in 
OPCAB vs 2 patients (2%) in CPB group. In 
addition, the left main disease was almost same 

Table-III: Intra operative data (CPB vs OPCAB). 
Variable CPB  n=100 OPCAB n=100 p-value 

Ionotropic support 
(in Hrs) 
(Mean ± SD) 

 
 

60.9 ± 71.2 

 
 

29.6 ±  65.1 

 
0.02 

Chest Drain N (%) 
Less than 800 ml 
More than 800 mI 

 
51 (51%) 
49 (49%) 

 
70 (70%) 
30 (30%) 

 
0.02 

Blood Transfusion 
(RCC)  Requirement 
(Mean ± SD) 

 
 

1.6 ± 1.6 

 
 

1.0 ± 1.2 

 
0.04 

Ventilation Time  
(in hrs) 
(Mean ± SD) 

 
 

12.9 ± 25.2 (6) 

 
 

10.6 ± 23.4 (6) 

 
 

0.07 
Table-IV: Post-operative complication (CPB vs OPCAB). 
Variable CPB n=100 OPCAB n=100 p-value 

Re-exploration for 
bleeding N (%) 

12 (12%) 2 (2%) 0.02 

ICU Stay Time 
(in hrs) 
(Mean ± SD) 

 
 

67.6 ± 74.0 

 
 

51.0 ± 78.5 

 
 

0.04 
Mortality N (%) 6 (5.9%) 5 (5%) 0.93 
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among the off pump group 15 (15%) and 17(17%) 
patients in group-1. Results are shown in table-II.   

As compared to the OPCAB group, the 
patients in the CPB group required ionotropic 
support for a longer duration (29.6 ± 65.1 vs    
60.9 ± 71.2, p-value<0.02).  Similarly, the rate of 
postoperative chest drainage was significantly 
higher in CPB Vs OPCAB (49% vs 30% p<0.026).  
Requirement of blood transfusion product (RCC) 
was significantly higher in CPB group as 
compared to OPCAB patients (1.6 ± 1.6 vs 1.0 ± 
1.2, p-value 0.04). Mechanical ventilation time 
was almost same in both groups with median 
value of 6 hours. Results are shown in table-III & 
figure.  

There was significantly high incidence of 
early postoperative complications among patients 
in CPB compared to those in OPCAB as regards 
to incidence of complete revascularization (12% 
vs 2%, p<0.02). Similarly, hospital stay was higher 
in CPB group as compared to OPCAB group (67.6 
± 74.0 vs 51.0 ± 78.5 hours < p<0.04), respectively. 
Mortality in both groups was found to be 
statistically insignificant (5.9% vs 5%, p<0.93). As 
shown in table-IV and fig.  

DISCUSSION 

Off-pump surgery has evolved into the most 
frequently adopted alternative technique to 
conventional on-pump coronary artery bypass 
grafting (CABG) in the treatment of patients with 
advanced coronary artery disease (CAD) over the 

last two decades. It has even become the 
procedure of choice for some surgeons, who 
believe that off-pump CABG is associated with 
lower occurrence of perioperative complications 
due to avoidance of cardiopulmonary bypass 
(CPB) and reduced or lack of manipulation of the 
ascending aorta. A rise in the number of off-
pump CABG procedures in the late nineties and 
the earlier half of the first decade of the new 
millennium set off a never-ending debate 
regarding the benefits and drawbacks intrinsic to 
the two techniques of coronary artery grafting. 
Several randomized controlled trials (RCTs) have 
been conducted to compare the outcomes of off-
pump as regards to on-pump CABG 

procedures10,11.  

Most trials demonstrated no difference in 
immediate outcomes between the two CABG 
techniques. Nevertheless, the two major RCTs, 
the Randomized On/ Off Bypass (ROOBY) trial 
and the Danish On-pump versus Off-pump 
Randomization Study (DOORS) revealed a 
significantly higher rate of the primary composite 
outcome including all-cause mortality, repeat 
revascularization (RR), or nonfatal myocardial 
infarction (MI) at 1 year and an inferior graft 
patency at 6 months following surgery in 
patients, who underwent off-pump CABG, 
respectively12.  

In contrast, other important RCTs such as the 
CABG Off- or On-Pump Revascularization Study 

 
Figure: Comparison of OPCAB and coronary surgeries with CPB. 
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(CORONARY) and the Surgical Management of 
Arterial Revascularization Therapies (SMART) 
trial identified no differences in mortality, stroke, 
MI, RR and quality of life between off-pump and 
on-pump CABG at a follow-up of 1 year13. The 
latter study also showed similar angiographic 
patency rates. The efficacy of these RCTs to detect 
and assess differences in clinically important 
outcome measures between the two operative 
techniques has been questionable14. 

In the present study, there was a reduction in 
the requirement of blood transfusions in the 
OPCAB group, as compared to the CPB group. 
Previous studies have revealed that CPB was 
associated with increased demand for blood 
transfusions but did not investigate the 
contribution of intraoperative hemodilution15. 
Other studies have speculated that their observed 
increased blood transfusion rate for on-pump 
compared to off-pump patients was caused by an 
increased postoperative bleeding16. 

Our study reported a higher postoperative 
ICU stay and re-exploration rate in the 
conventional CABG group as compared to 
OPCAB group. The evidence in the literature 
seems to support these findings that Off-pump 
coronary artery bypass has been associated    
with a significant reduction in the risk of death, 
stroke, acute renal failure, mortality or morbidity, 
and postoperative length of hospital stay 
compared with on-pump coronary artery bypass 
surgery17-20. 

CONCLUSION 

Our study concluded that the main 
advantages of OPCAB technique are that there is 
less amount of postoperative chest drainage and 
it makes it possible to reduce the number of 
blood transfusions after surgery. 

LIMITATION OF STUDY 

This retrospective review failed to show 
intraoperative haematocrit (Hct) as a marker of 
hemodilution that provides a more complete 
understanding of the mechanism of the need      
for blood transfusions after cardiac surgery. 
Addressing intraoperative hemodilution is a very 

important issue in minimizing CPB associated 
morbidities. 
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