[] Tokyo Wom Med Univ
76 (4) 160~167 (2006)

Does Off-Pump Coronary Artery Bypass Grafting Offer Patients
a Better Outcome than Conventional Bypass Surgery?:
Retrospective Study Carried Out at
Tokyo Women’s Medical University Hospital

Cyril KAMYA", Kenji YAMAZAKI’, Kensuke KOBAYASHL,
Shin’ichiro KIHARA® and Hiromi KUROSAWA®

"Wniversity of Wales College of Medicine, Cardiff, UK
?Department of Cardiovascular Surgery, Tokyo Women's Medical University School of Medicine
(Accepted Feb. 15, 2006)

[Background] For 3 decade’s surgical coronary revascularization has been carried out with the use of car-
diopulmonary bypass (CPB) as the gold standard. This is being challenged with the resurgence of an old tech-
nique involving operating on the beating heart, which is associated with lower morbidity. There is little long-
term data on the success of off-pump coronary revascularization, hence this polarizing debate as to which sur-
gery is superior continues.

[Aims] To evaluate whether off-pump coronary artery bypass grafting (OPCAB) reduces postoperative
morbidity compared to conventional coronary artery bypass grafting (CABG) and to compare completeness of
revascularization in both groups.

[Methods] Twenty patients who underwent OPCAB and 20 patients who underwent CABG with CPB were
selected at random from May 2000—June 2005. Postoperative complications, completeness of revascularization
and ICU stay were compared and analyzed.

[Results] The CK-MB in the on-pump group was (36.9 NG/ML) compared to (18.35 NG/ML) in the off-pump
group (p=0.026). Mean ICU stay was significantly different in both groups (p=0.043). The index of completeness
of revascularization was similar with no significant difference in graft number and patency.

[Conclusion] When compared to conventional CABG, OPCAB achieved significantly shorter ICU stay, less
myocardial injury and similar completeness of revascularization indicating that it is an attractive alternative to

conventional CABG.
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Introduction

Fourteen percent of all coronary artery bypass
grafting (CABG) worldwide is performed off-pump
and in the USA this figure is 18%". In Tokyo
Women's Medical University (TWMU) Hospital,
this figure is as high as 90% and even on-pump sur-
gery is done without administering cardioplegic ar-
rest, hence the heart is still beating during the sur-
gery. This reflects the increased awareness of the

morbidity associated with CPB and the need to per-
form beating heart surgery. Patients referred for
CABG are older, have higher co-morbidities, worse
ventricular function and more severe coronary dis-
ease than 20 years ago”. Therefore conventional
coronary surgery in this high-risk group is associ-
ated with higher complication rates and potentially
higher costs®.

The main advantage of off-pump CABG (QOP-
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Table 1 Preoperative patient characteristics

Variables Oupume  Oftpae

Male/Female 12/8 1872
Mean age 619 = 9.65 64.2 = 11.08
Ejection fraction > 50% 12 14
Ejection fraction 30-50% 8 6
Previous MI 13 12
Chronic renal failure on haemodialysis 3 1
Diabetes 10 15
Patients with > 4 co-morbidities/ 2 8

CAB) is the avoidance of the morbidity associated
with cardioplegia and CPB. It is thought that coro-
nary artery bypass grafting performed on the beat-
ing heart can achieve equivalent revascularization
as compared to on-pump CABG and better short
term outcomes especially in high risk groups”. De-
spite these apparent benefits, concern has been
raised about this procedure and the debate contin-
ues. The main concern regarding this rediscovered
operation is that incomplete revascularization may
compromise patient outcome, it was recognized
grafts to the lateral wall proved difficult off-pump
and hence early studies omitted these patients from
undergoing OPCAB*®.

Other studies have also failed to evaluate com-
pleteness of revascularization by not directly as-
sessing graft patency with coronary angiography.
These reasons have further raised legitimate con-
cerns as to whether there really are any tangible
benefits of OPCAB as compared to the conventional
surgery and this study carried out at TWMU Hos-
pital seeks to investigate this.

Patients and Methods

1. Patients

This retrospective study was designed to com-
pare clinical outcomes and completeness of revascu-
larization in the two groups of patients who under-
went coronary artery bypass surgery. To minimize
variability all operations on the selected patients
were performed by a single experienced cardiovas-
cular surgeon (Kenji Yamazaki, MD, Ph D).

Twenty patients who underwent off-pump
CABG (off-pump group) and 20 patients who under-
went on-pump CABG (on-pump group) between

May 2000 and June 2005 were selected at random.
This randomization was done by randomly choos-
ing 4 patients from each year in the five-year period
therefore giving a more representative sample over
five years. Patient identification numbers were
placed in a box and cases selected randomly from
each year to give 20 patients in each group (Table
1.

Exclusion criteria: Patients were not excluded on
the basis of any preoperative co-morbid illnesses or
extent of coronary artery disease. Those patients
who underwent emergency CABG were excluded
as well as those who had preoperative intraaortic
balloon-pump counter pulsation as they are very
high risk patients and may bias the results.

Patients were excluded if they were having con-
comitant major surgery for example CABG and a
valve replacement. Redo CABG operations were
also omitted from the study as the risks are very
high and this would influence the postoperative out-
come in a biased fashion.

2. Surgical technique

1) General

Surgical access to the heart was through a stan-
dard median sternotomy. All incision and closure
techniques were the same in both groups limiting
variability. Distal anastomosis in all cases were con-
structed with 80 polypropylene sutures. Most of
the grafts performed were in situ arterial grafts,
where proximal anastomosis was performed 6-0
Prolene sutures were used. A surgical blower hu-
midifier was used to disperse blood from the anasto-
motic site in all cases. Routine CT scans were per-
formed to assess the great arteries and epiaortic ul-
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Fig. 1 Mean ICU stay
Bars show means. Error bars show 95.0% confidence
interval of mean.

trasound performed on a case by case basis depend-
ing on whether there was calcification or athero-
sclerosis of the aorta.

2) On-pump technique

On-pump CABG was done in a standardized fash-
ion with ascending aortic cannulation and single ve-
nous cannulation of the right atrium. A standard
circuit was used in all cases and the CPB priming
solution contained Hartmann's solution, gelofusine,
mannitol 0.5 g/ml, 7 ml 10% calcium gluconate and
heparin 0.02 ml/kg. The body temperature was
kept between 34 and 36°C. Myocardial protection
was achieved by administering intermittent antero-
grade hyperkalaemic warm blood cardioplegia.

3) OPCAB technique

OPCAB was performed in most cases with the
Medtronic Octopus 3 or 4 and Starfish stabilizing
devices for coronary stabilization. In a few of the
cases the CTS retractor and stabilization devices
were used”. Deep pericardial traction sutures were
used for cardiac displacement and presentation of
the coronary vessels. With the use of these devices
care is taken to maintain mean arterial blood pres-
sure above 65 mmHg. An intracoronary shunt was
used were there was electrocardiographic or hae-
modynamic instability.
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Fig. 2 Mean CK-MB
Bars show means. Box plot showing the mean CK-MB
in the on- and off-pump group.

3. Statistical analysis

Data are presented as means * standard devia-
tion except for the data regarding postoperative ar-
rhythmias, which are presented as frequencies.
Comparisons between the two groups were per-
formed using a one way ANOVA and Pearson’s chi-
squared test were appropriate. Differences were
considered significant if p<<0.05. The analysis was
performed using SPSS 140 statistical package
(©2005 SPSS Inc. Chicago, Illinois).

Results

There were no deaths in both groups of patients
up to date. A significant difference existed in mean
length of ICU stay (Fig. 1), with the on-pump group
staying a mean 7.05 days compared with 25+ 1.15
days in the off-pump group (p=0.046).

However one patient in the on-pump group re-
mained in ICU for 20 days due to respiratory failure
and worsening of existing renal failure contributing
to this difference in mean ICU stay between the
two groups and hence the wide confidence interval
in the on-pump group. A significant finding was the
difference in mean CK-MB between the groups, 36.9
NG/Ml in the on-pump group and 18.35 in the off-
pump group (Fig.2) measured postoperatively on
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Fig. 3 Mean number of grafts

Bars show means. Box plot comparing mean number
of grafts in both groups.

the first day in ICU (p=0.026). The rise in this en-
zyme is thought to be a marker of myocardial in-
jury and necrosis. There were no strokes in either
group as well. Completeness of revascularization
was similar in both groups with postoperative graft
patency 98% and 96.3% in the off- and on-pump
group. Graft patency at three months assessed by
angiography was also the same as above. The mean
number of grafts in the on-pump groups was 2.95
0.94 and 3.3+ 159 in the off-pump group (p=0.403).
The greatest number of distal anastomosis was per-
formed in the off-pump group were one patient re-
ceived 7 bypass grafts, all patent to date.

The box plot (Fig.3) illustrates the similar num-
ber of grafts achieved in both groups, and also the
wide confidence interval for the off-pump group,
where a range of one to seven grafts were per-
formed in this group.

The incidence of postoperative atrial fibrillation
was not significantly different in both groups with 8
patients having atrial fibrillation in the on-pump
group and 4 in the off-pump group (p=0.168). Simi-
larly there was no significant difference with regard
to ventricular arrhythmias in the on- and off-pump
group (p=0151).

No patients developed acute renal failure (defined

Level of creatinine
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Fig. 4 Mean level of creatinine
Bars show means. Error bars show 95.0% confidence
interval of mean. Box plot showing mean creatinine in
both groups.

as a creatinine >2.0 mg/dl). However 2 patients in
the on-pump group with a preoperative diagnosis of
chronic renal failure on haemodialysis had worsen-
ing of preexisting renal failure. The first patient’s
creatinine increased from 595 mg/dl preopera-
tively to 7.4 g/dl on day 2 of ICU stay. The second
patient’s creatinine increased to 9.65 from 9.0 on
day 1 of ICU stay. There was no significant differ-
ence in the mean postoperative creatinine (day 1
ICU stay) between the on- and off-pump group, 2.2
and 1.3 mg/dl respectively (p=0.199) (Fig.4).
Discussion

The results of this nonrandomized retrospective
analysis indicate that there is a significant differ-
ence in the length of ICU stay (p=0.046) and in the
mean CK-MB (p=0.026) between the two groups.
The length of ICU stay was longer by 4.5 days in
the on-pump group. This is in keeping with other
large retrospective studies. Racz et al® in a retro-
spective study where >9,000 patients had off-pump
revascularization found the length of ICU stay was
longer by one day in the on-pump group. Similarly
in a meta-analysis of the BHACAS 1 and 2 (beating
heart against cardioplegic arrest) randomized pro-
spective studies, ICU stay and mean hospital stay
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Table 2 Completeness of revascularization

Off-pump group

On-pump group

Variables (n=20) (n=20} p-value
Grafts per patient 33 =159 295 + 094 0403
ICOR 1.01 1.03 NS
Graft patency 98% 97% NS

were significantly shorter in the off-pump group.

To appreciate the results obtained, one needs to
consider the large confidence interval for the mean
hospital stay in the on-pump group. One patient re-
mained in the ICU for 20 days due to numerous
complications not all of which were related to the
cardiac surgery. This would have an effect on the
results, as there were only 20 patients in each
group. Shorter ICU and hospital stay needless to
say would have a significant impact on reducing the
costs of managing these patients postoperatively.

There is general agreement from randomized”'"®
and non-randomized prospective'” studies that on-
pump bypass grafting with cardioplegic arrest is as-
sociated with significantly greater myocardial in-
jury than OPCAB. The results in this study showed
the mean CK-MB enzyme release in the on-pump
group was 36.9 NG/ML, twice that of the off-pump
group (p=0026). Some of the CK-MB release can
be explained by cannulation of the right atrium
whilst setting up the cardiopulmonary bypass in
the on-pump group. However the differences in the
myocardial injury are largely the result of aortic
cross clamping, which results in myocardial ische-
mia and reperfusion injury despite even optimal
myocardial protection and hence most of the en-
zyme arises from the ventricular myocardium .
However patients would need to be followed up to
correlate any long-term outcomes with the eleva-
tion in the CK-MB. It has been reported that ele-
vated serum troponin post cardiac surgery is an in-
dependent predictor of in hospital mortality and
postoperative complications in high-risk patients™?.

The results illustrate that off-pump group achie-
ved similar and slightly superior graft patency
rates (98%) than on-pump group (96.3%). The in-
dex of completeness of revascularization (ICOR)
and the mean number of grafts 2.95+0.94 and 3.3 +

1.59 were similar. Therefore it is possible to achieve
equivalent completeness of revascularization and
similar graft numbers using the off-pump tech-
nique. These results reflect the high level of success
in terms of surgical outcomes attained by our team
in both modems of surgery (Table 2).

Due to the fact the cardiovascular surgery center
in Tokyo is one of the main referral centers, it is up
to date with all the new stabilization devices re-
quired to perform difficult grafts off-pump, particu-
larly the marginal branches of the circumflex. Some
studies have reported significantly fewer grafts in
the OPCAB group. Sabik et al”® found in their regis-
try of patients that the mean number of grafts in
the OPCAB group was 2.8 compared with 3.5 in the
on-pump group (p<0.001). This resulted in higher
cardiac related events and mortality due to incom-
plete revascularization. Improvements in stabiliza-
tion techniques have allowed grafting to difficult ar-
eas and smaller vessels thus allowing complete re-
vascularization off-pump. Some patients in the
OPCAB study group carried out at Tokyo received
7 successful bypass grafts. This may be due to the
fact the surgeon can spend more time on grafting
difficult vessels without worrying about myocardial
ischemia, which occurs predominately in on-pump
bypass surgery. Also the cardiac surgery team now
carry out the majority of CABG off-pump hence are
now proficient in grafting nearly all vessels and
achieving complete revascularization (Distal mar-
ginal grafts on the beating heart were once consid-
ered off limits).

No patients developed acute renal failure. Two
patients in the on-pump group who were on haemo-
dialysis had worsening of there pre-existing renal
failure. No patients in the OPCAB group with
chronic renal failure had a worsening of their renal
function. Cardiopulmonary bypass in the elderly
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and those with co-morbid illness is associated with
an increased risk of dialysis dependant renal failure
and this may indicate the use of OPCAB in this pa-
tient subgroup'.

The small numbers in the study may have meant
it would be difficult to detect any significant differ-
ence in the renal function between the two groups.
Tt is also important to realize there are many other
factors most of which are patient related that in-
crease the risk of developing acute renal failure.
Previous retrospective studies have also failed to
show any significant renoprotective effect from us-
ing OPCAB techniques™.

The similar rate of postoperative arrhythmias
was also similar in both groups. However large
studies for example a large multivariate analysis
from Bristol (990 patients) have found decreased in-
traoperative and postoperative arrhythmias in the
off-pump group™.

At present there are no specific indications or
guidelines for which patients should undergo on- or
off-pump surgery. This is largely the choice of the
operating surgeon, but it appears that the benefits
of off-pump surgery are most marked in the elderly
and those where CPB may be detrimental (diabet-
ics, renal failure, cerebral co-morbidity) and in pa-
tients with severe aortic calcification'. There is
now a significant body of evidence suggesting that
OPCAB can achieve better short term and similar
midterm outcomes than conventional CABG. This
small study is in keeping with other studies in
which multivessel revascularization success rates
are as successful compared with the on-pump
CABG, these studies have also demonstrated a 25%
reduction in cost and better outcomes particularly
in high risk groups®. OPCAB has also been found to
be associated with reduced use of inotrops, blood
loss and transfusion requirements compared to and
conventional CABG”. Despite all these benefits, the
lack of long term data and other factors have halted
the widespread use OPCAB, and it may be a while
before OPCAB becomes the new gold standard in
surgical coronary revascularization.

Limitations of the study

The study was intended to analyse 80 patients

11

(40 in each group). However over the last 5-8 years
most of the surgery for coronary revascularization
in TWMU Hospital has been performed off-pump or
on-pump beating (on-pump without cardioplegic ar-
rest). We could only gather 20 patients over the last
five years who underwent conventional CABG
hence had to reduce the number of patients in the
study to 40 limiting the power of the study. It is also
recognized that randomized prospective studies
comparing clinical outcomes in on and off-pump
groups of patient are the gold standard and reduce
recall bias which occurs in retrospective analysis.

No follow up data in this study are presented and
this would be most useful especially with regard to
graft patency in assessing completeness of revascu-
larization. Long-term data and longitudinal studies
from off-pump CABG are needed in order to truly
appreciate any longer term benefit it offers.

Conclusion

In comparison to conventional CABG, off-pump
CABG yielded similar completeness of revasculari-
zation; less myocardial injury and shorter ICU stay.
This indicates that this rediscovered operation is a
viable alternative to conventional CABG with supe-
rior short-term outcomes and comparable graft
patency, which is ultimately the gold standard in
coronary bypass surgery. Excellent surgical out-
come can be attained by both types of operation as
evidenced by the results of our team.
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Appendix Statistical data and analysis
One-way ANOVA statistical test used to compare the means in each group.

ANOVA
Sum of squares df Mean square F Sig.
Level of creatinine
Between groups 7.709 1 7.709 1.705 0.199
Within groups 171.782 38 4.251
Total 179491 39
CK-MB
Between groups 3,444.736 1 3,444.736 5.394 0.026
Within groups 24,265.588 38 638.568
Total 27,710.324 39
Length of ICU stay in days
Between groups 207.025 1 207.025 4271 0.046
Within groups 1,841.950 38 48472
Total 2,048.975 39
Number of grafts used
Between groups 1.225 1 1.225 0.715 0403
Within groups 65.150 38 1.714
Total 66.375 39
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