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Abstract 

Background: Cardiopulmonary bypass (CPB) may contribute to the complications and it is assumed that 
eliminating cardiopulmonary bypass has the potential of  reducing post operative morbidity after coronary 
artery bypass grafting (CABG). The study was carried out to compare mortality and morbidity in the off-pump 
and on-pump CABG groups. 

Methods: We prospectively analysed 200 patients undergoing CABG. Group A consists of  100 patients 
underwent multi-vessel off-pump CABG and group B consists of  100 patients underwent CABG with CPB. 
The incidence of  complications (mortality, re-exploration for bleeding, myocardial infarction, atrial 
fibrillation, neurological events, new onset renal failure (s. creatinine >1.6 mg/dL) pulmonary complications, 
length of  ICU stay and hospital stay were recorded, analysed and compared. 

Results: OPCAB patients received 2.73___0.61 grafts/patient and on-pump CABG patients received 
3.39___0.75 grafts/patient (p value <0.00001). There was no significant statistical difference in mortality, 
incidence of  stroke between OPCAB and CABG with CPB patients. Length of  ICU stay was 32.84___4.22 vs 
44.85___7.18 hrs (p value <0.00001 ) and hospital stay was 6.52___0.69 vs 7.94___0.92 days (p value <0.00001) between 
group A and group B respectively. Incidence of  atrial fibrillation was less in OPCAB group 7% vs 12% 
although it was statistically not significant (p value 0.33). It was observed in our s tudy that there was no 
significant deference in worsening of  existing renal failure between on-pump CABG and OPCAB 6% vs 2% 
(P value 0.28). Blood utilization was significantly less in OPCAB group (p value <0.001). 

Conclusion: There was no statistically significant difference in terms of  mortality, incidence of  stroke and 
new onset renal failure in both groups. But there was lesser incidence of  post operative atrial fibrillation, 
worsening of  existing renal failure in off-pump group though statistically not significant. There was 
significant reduction in blood utilization, length of  ICU and hospital stay in OPCAB group. 
(Ind J Thorac Cardiovasc Surg, 2004; 20:173-177) 
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Introduction 

Beating heart  surgery  was  originally tile only 
approach to myocardial revascularization 1. In 1967, 
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Kolessov reported left internal thoracic artery (LITA) to 
left anter ior  descend ing  (LAD) coronary  ar tery  
anastomosis through a left thoracotomy on a beating 
heart as a method of treatment of angina pectoris 2. 
However ,  this was quickly abandoned in favor of 
coronary artery bypass  grafting (CABG) through 
median  s t e r n o t o m y  and wi th  the use of 
cardiopulmonary bypass (CPB) techniques because of 
improved safety and ease of anastomosis on a still heart 
and a bloodless operative field. Recently, off pump 
coronary artery bypass grafting (OPCAB) has enjoyed 
resurgence in the interest and popularity among the 
cardiac surgeons of South America 3,4 in the beginning 
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and wor ld  wide  later on 5,6. This has been also as a 
sequelae  to the increasing awareness  of  m o rb id i t y  
attributable to CPB. A variety of innovative techniques 
and refinement of instrumentation have facilitated the 
app l icab i l i ty  of  o f f i p u m p  c o r o n a r y  a r t e ry  bypass  
graf t ing  to m a n y  of  the pat ients  wi th  mul t i  vessel  
coronary artery disease. Although OPCAB accounts for 
approximately 18% of coronary artery bypass grafting 
procedures  per formed in the United States, as reported 
by the National  Society of  Thoracic Surgeons Adul t  
Cardiac Database Fall 2001 report,  concern has been 
raised about the difficulty of this rediscovered procedure 
and the possibility that incomplete revascularization 
may compromise patient outcomes l,r. 

During this period, off pump  CABG has been audited 
against conventional technique by many  observational, 
case matched and prospective randomized  studies r,8,9,1~ 
There is significant evidence in the literature suggesting 
that off p u m p  coronary artery bypass grafting reduce 
postoperat ive morbidity,  organ dysfunct ion and cost 
wi thout  compromising mid term outcomes compared 
to the c o n v e n t i o n a l  c o r o n a r y  bypass  ope ra t i ons .  
The available evidence also supports  the view that high 
r isk p a t i e n t s  m i g h t  bene f i t  the  m o s t  f r o m  
revascularizat ion on the beating heart. High quali ty 
follow up data are still needed to assess the impact of 
off pump  coronary artery bypass operations on long 
term clinical outcomes. 

Patients and M e t h o d s  

This prospective s tudy was conducted to compare 
completeness of revascularization, clinical outcomes, 
blood utilization in unselected consecutive patients of 
two groups  of A and B (group A and group B each 
c om pr i s i ng  of  h u n d r e d  pat ients)  w h o  u n d e r w e n t  
elective pr imary  CABG. These patients were assigned 
to one group or the other based on the surgeons'  choice 
and diffuse na tu re  of  the co rona ry  a r te ry  disease.  
Patients wi th  diffuse disease were  assigned to CPB 
group B. In group A OPCAB was performed with the 
use of an Octopus  tissue stabil izer (Medtronic  Inc. 
Minneapolis ,  MN, USA) in all pat ients  and Starfish 
cardiac posit ioner (Medtronic Inc. Minneapolis, MN, 
USA) was used whenever  necessary to access posterior 
and lateral targets arteries. The group B consisted of 100 
patients who  unde rwen t  CABG with CPB and using 
intermittent ischemic fibrillatory arrest technique or cold 
blood cardioplegic arrest technique. The technique of 
myocard ia l  pro tec t ion  was chosen according to the 
choice of  the su rgeon .  In an a t t emp t  to min imize  
variability, all p rocedures  were  per fo rmed  by single 

g roup  of surgeons  and all pat ient  managemen t  was 
carried out by a single team according to strict, unbiased, 
criteria driven protocols during the year  2003. All the 
data of  the patients were  entered into our  coronary  
artery bypass grafting database on the day of surgery, 
at the time of discharge from the hospital and later on 
at the time of first follow up visit. The demographic  
cha rac te r s  w e re  s imi la r  b e t w e e n  the two  g r o u p s  
(Table 1). 

Table  1. Pat ient  characteris t ics  

Var iab les  OPCAB CABG wi th  CPB p Value  
(n 100) (n 100) 

Age (y, m e a n  + SD) 57.82+8.61 57.67+9.09 0.9 
Gender  (no. of  females) 18 22 
Baseline EF 

>55% 42 44 0.89 
45% 54% 36 34 0.88 
35% 44% 15 12 0.48 
25% 34% 6 8 0.78 
<25% 1 2 

Previous MI 28 24 
0 7 d  2 6 
8 20d  3 4 
>21 d 23 14 

Previous CVA 6 3 0.49 
Previous TIA 4 1 0.37 
COPD 16 10 0.29 
Smoking 21 24 0.73 
Diabetes 42 39 0.77 

Insul in 2 3 1 
Oral agent  40 36 0.66 

Hyper t ens ion  21 23 0.86 
Previous coronai T 4 5 1 
angioplas ty  3 1 
Prior s tent  4 
Hypercholes tero lemia  16 20 0.58 
Previous peripheral  vascular  2 3 1 
s u r g e l T / s t e n t  11 9 0.81 
Renal failure 1 2 1 
(s. creatinine >1.6 mg) 
CCS class III or IV 26 28 0.87 

Dialysis dependence  
Preoperative medicat ions  

Aspir in  100 100 
ACE inhibitors 26 32 0.44 
b Blockers 44 36 0.31 
Calcium channel  blockers 18 16 0.85 
Diuretics 4 6 0.75 
Stains 46 40 0.48 

Data analysis and statistical methods 
The data was gathered prospectively and recorded 

by one  of  the ass i s tan t  s u r g e o n s  a s s igned  in the 
management  of the study. The data was obtained from 
a d a t a b a s e  d e v e l o p e d  in M i c r o s o f t  Access  by  
Dr Satyanarayana (Dusk Database) Discrete data was 
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expressed as a percentage and cont inuous data was 
expressed as mean + s tandard deviation. The statistical 
significance of difference between mean values assessed 
using the s tudent 's  t test and the difference between 
proport ions by the Chi square test. 

SuIgical techniques 
General: Surgical access to the heart  was through a 

s tandard median s ternotomy in all patients. All incision 
and closure technique were the same in both groups. 
No cell saver was used during these procedures. Patients 
in whom complete revascularization considered was not 
possible with OPCAB technique, those patients were 
converted to on p u m p  technique of CABG. The distal 
anastomoses for LITA graft was constructed using 8 0 
polypropylene  continues suture and for the saphenous 
vein grafts and radial artery grafts 7 0 polypropylene  
suture was used. All the proximal anastomoses of radial 
artery grafts were constructed using 7 0 polypropylene  
s u t u r e  a nd  of  the  s a p h e n o u s  ve in  g ra f t s  w e r e  
constructed using 6 0 polypropylene  suture. 

OPCAB Technique 
OPCAB was performed with Medtronic Octopus 3 

or 4 (Medtronic Inc. Minneapolis MN, USA) stabilizing 
devices for target coronary artery stabilization. Target 
arteries were  accessed by deep  per icardia l  t ract ion 
sutures and also wi th  the use of Medtronic  Starfish 
cardiac posit ioner (Medtronic Inc. Minneapolis, MN, 
USA) to access the pos t e r io r  and lateral  c o r o n a r y  
a r te r ies .  A m e a n  s y s t e m i c  a r te r ia l  p r e s s u r e  was  
mainta ined a round  65 to 70 m m H g  through out the 
p rocedure .  Intra co rona ry  shunts  were  used  whi le  
cons t ruc t ing  the co rona ry  anas tomoses  for all the 
vessels. A humidif ied  carbon dioxide b lower /mis t e r  
(Medtronic Inc, Grand Rapids, MI, USA) was used to 
disperse the blood f rom the anastomot ic  site while  
constructing the distal anastomosis. 

CABG with CPB technique 
While doing coronary artery bypass grafting with 

CPB, every effort to minimize the effect of CPB was 
made. All diabetic patients received infusion of Insulin 
Glucose Potassium solution through out the procedure.  
M y o c a r d i a l  p r o t e c t i o n  was  a c h i e v e d  e i the r  w i t h  
intermit tent  ischemic fibrillatory arrest  technique or 
with cold blood cardioplegic arrest technique. 

The patients were cooled to 32 ~ Celsius. Myotherm 
(Medtronic Inc, Minneapolis, MN, USA) was used to 
deliver cold (4~ 8~ intermittent high potassium 4:1 
blood cardioplegia. 

Resul ts  

The complications in the hospital or within 30 days 
of  the o p e r a t i o n  w e re  c o m p a r a b l e  in two  g r o u p s  
(Table 2). There was one death in OPCAB group and 
two deaths in CABG with CPB group. The patient who 
died in the OPCAB group was re intubated on 2 nd post 
operative day for unsatisfactory arterial blood gases and 
later developed septicemia and multi  organ failure. The 
two patients who  died in CABG with CPB group, one 
d ied  of  low cardiac o u t p u t  s y n d r o m e  fo l lowed  by 
septicemia and the other patient developed respiratory 
failure and later on septicemia with multi  organ failure. 
None of these patients underwent  an autopsy. The re 
exploration for bleeding was similar in both groups but 
the chest tube drainage was significantly low in OPCAB 
group compared  to CABG with CPB group (P value 
<0.001). Thirty percent of the patients in OCPAB group 
received no transfusion of homologous  blood or blood 
products  where  as every patient in CPB group received 
b lood  t rans fus ion .  The pa t ien t s  of  OPCAB g r o u p  

Table 2. Complicat ions  in hospi ta l  or wi th in  30 days 

Variables  OPCAB CABG wi th  CPB p Value 
(n 100) (n 100) 

Operative mortality 
In operating room Nil Nil 
In hospital <30 d 1 2 1 
In hospital >30 d Nil Nil 

Cardiac 
Reoperation for bleeding 1 1 0.48 
Reoperation for graft 
occlusion 0 0 

Myocardial infarction, Nil 1 1 
new Q wave 

Angina Nil 1 1 
Arrhythmia,  atrial 
fibrillation 7 12 0.33 
Arrhythmi& ventricular 2 3 1 
Arrhythmi& permanent  Nil Nil 
pacemaker  

Neurologic 
Transient ischemic attack Nil Nil 1 
Permanent  stroke Nil 1 

Renal 
New failure 2 3 1 
Worsening of existing 
renal failure 2 6 0.28 

Pulmonary 
Pleural effusion, 
thoracocentesis 2 3 1 
Pneumonit is  1 3 0.61 

Infection 
Deep sternal Nil Nil 
Superficial sternal Nil 2 0.48 
Conduit  harvest  site 1 2 1 
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r e c e i v e d  f e w e r  un i t s  of  b l o o d  c o m p a r e d  to the  
conventional CABG group (p value 0.001). Both groups 
had  s imi lar  hemotoc r i t s  31.0+3.91 for OPCAB, vs 
30.1+4.01 for CABG with CPB at day 4 post operatively 
(p value 0.11) and at discharge (29.0+4.01 for OPCAB, 
vs 28.10+3.74) for CABG with CPB (p value 0.07). No 
patient was re explored for graft occlusion in any of the 
groups. Incidence atrial fibrillation was insignificantly 
higher  in CPB group  compared  to OPCAB group  (p 
value <0.33). There was no difference in the incidence 
of ventricular arrhythmias,  stroke or transient ischemic 
attacks between the groups. There was no statistically 
significant difference in the incidence of new onset renal 
failure (s.creatinine 2.0 mg /dL)  between the groups 
but the worsening of preexisting renal failure was higher 
in CABG with CPB group though it was statistically not 
significant (p value 0.28). Infection rate of s ternotomy 
w o u n d  and conduit  harvest sites was similar in both 
the groups (Table 2). The number  of grafts per patient 
was higher  in CABG with CPB group (2.73+0.61 for 
OPCAB group vs 3.39+0.75 for CABG with CPB group) 
(p v a l u e  <0.00001).  I n d e x  of  c o m p l e t e n e s s  of  
revascularization (number of grafts p e r f o r m e d / n u m b e r  
of grafts intended) (1.00+0.14 for OPCAB vs 1.00+0.08 
for CABG with CPB) were similar between groups. The 
use of more  than one arterial condui t  was higher  in 
patients of CABG with CPB group compared to OPCAB 
group (p value <0.0009). More patients in the OPCAB 
group met  extubation criteria in the first 4 hours (58% 
for OPCAB group and 38% for CABG with CPB group) 
(p value  0.007). All pat ients  in OPCAB group  were  
extubated with in 24 hours where  as 4 patients in CABG 
with CPB group did not meet  the criteria for extubation 
until more than 24 hours after operation. One patient in 
OPCAB group and three patients in CABG with CPB 
group were reintubated either for unsatisfactory blood 
gases  or uns t ab le  h e m o d y n a m i c s .  Wi th  u n i fo rm ,  
unbiased protocols the post operative ICU stay (38.2+6.2 
hrs for OPCAB group vs 48.6+ 12.6 hours for CABG with 
CPB group, p value <0.00001) and hospital stay (from 
surgery to discharge) was 6.83+0.69 days for OPCAB 
group vs 7.94+0.92 days for the conventional  CABG 
group (p value <0.00001). 

D i s c u s s i o n  

Many non randomized comparisons of OPCAB and 
CABG w i t h  CPB g r o u p s  a p p l y i n g  s o p h i s t i c a t e d  
statistical methods  have reported significant reduction 
in risk adjusted mortality, stroke, acute renal failure, 
p ro longed  vent i la tor  dependence ,  reexplora t ion for 
bleeding with OPCAB n,~2. However ,  the criticism of 

conclusions of these studies has been centered on the 
i n h e r e n t  bias of  p a t i e n t  s e l ec t i o n  and  n o n  
randomization.  Cleveland and his colleagues analyzed 
information available on the database of The Society of 
Thoracic Surgeons 12 and showed that CABG with CPB 
had greater proport ions of patients with triple vessel 
d i sease  and  n e e d e d  u r g e n t  or e m e r g e n c y  
r e v a s c u l a r i z a t i o n  t h a n  the  OPCAB g r o u p .  In a 
prospect ively randomized  comparat ive s tudy of two 
hundreds  unselected patients  undergo ing  off  p u m p  
CABG versus  convent iona l  co ronary  ar tery  bypass  
Puskas and co workers  found that there was reduced 
myocardial  injury, transfusion requirements and length 
of hospital stay in OPCAB group 1~ They also opined 
that even larger randomized studies so far published 0,1~ 
have l imited statistical p o w e r  to detect  differences 
between groups in end points that occur infrequently. 
No d i f f e rences  w e re  f o u n d  in m o r t a l i t y  rate and  
incidence of stroke, perioperative myocardial  infarction 
or acu te  r ena l  f a i lu re  in the a b o v e  m e n t i o n e d  
r a n d o m i z e d  s tudies  0,1~ In our  s tudy ,  t h o u g h  not  
randomized,  we found similar observations. Our s tudy 
correla tes  wel l  wi th  the p rev ious ly  pub l i shed  non  
randomized  studies in terms of shorter hospital stay. A 
reduction in blood transfusion requirement  has been 
consistently reported across multiple studies including 
this s tudy 9,14,~5. However ,  the postoperative day 4 and 
discharge  hematocr i t  d id  not  show any signif icant  
d i f f e r ence  b e t w e e n  the g r o u p s  unl ike  s ign i f i can t  
i nc rease  of  d i s c h a r g e  an d  p o s t o p e r a t i v e  d a y  3 
hematocri t  values of OPCAB group 14. Our s tudy differs 
f rom the s t u d y  of  Cheng  et aP ~  r epo r t ed  that  
OPCAB group had incomplete revascularization nearly 
twice as much as in the CPB group. In the present study, 
the index of completeness of revascularization (number 
of  graf t s  p e r f o r m e d / n u m b e r  of  graf t s  i n t ended )  
between the two groups were comparable and correlates 
wi th  the s t u d y  of Puskas et aP ~ There  are several  
publ ished series addressing arterial graft  pa tency in 
OPCAB surgery, al though excellent short term patency 
for arterial conduits to the anterior wall ~7.18 has been 
reported but angiographic documentat ion of successful 
lateral and inferior wall was lacking. 

C o n c l u s i o n s  

In conclusion, our  s tudy  found that there was no 
significant difference in morta l i ty  rate, incidence of 
stroke and perioperative MI but the chest tube drainage 
and blood transfusion requirement  were significantly 
lower in OPCAB group compared to CABG with CPB 
group. Although there was no significant difference in 
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the incidence of new onset renal failure, worsening of 
existing renal failure was higher, but not statistically 
s ign i f i can t ,  in CABG w i t h  CPB g r o u p .  I n d e x  of  
comple teness  of  revascu la r iza t ion  was  comparab le  
between the two groups. The ICU and hospital stay were 
longer in CABG with CPB group. 
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