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# 1. PCRICE BMEPEERAIC ST S PERV A said iz F OB HIAER

PERV #h 4 Bitk (env) BT O FEEE & DNA B HURHEL (%)
WREME BEK

env-A env-B env-C
BH [ HERA 4 4 (100) 4 (100) 4 (100)
GV Bp-f- 3 2 (66.7) 2 (66.7) 3 (100)
MI BT 3 1 (33.3) 1 (33.3) 3 (100)

* GV, I3 ], MIT . 55 2 B oy B

#2. PRIZEB T HHETICBT S PERY S AU G T ORI #ER

PERV 74 # (env) fREDGRT-OFH%HE & DNA A& HIk %

{144 No. e Fl
env-A env-B env-C
1 IN—=D 2% — + + +
2 W=y — - + +
3 N=Dv— + + +
4 N—=T v — + + +
5 AlZ e e + - +
6 W= T — + + +
7 52;ifi;;f§ + n n
8 52:1:1;;?5 + n "

* + R, — o BRERT]
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# 3. RT~P(RIC K 27 & ML ARG RN $51F 5 PERV SR AT (57 O B #EAT

PERV 51#% (env) URIE (R T O 1A & FEBLREL ()
BREMEE BRI

env-A env-B env-C
58 Fe Al 9 7 (17.8) 8 (88.9) 8§ (88.9)
GV BR-T 9 7T (17.8) 9 (100) 1222
MI R T 10 4 (40.0) 1 (33.3) 1 {10.0)

* GV B i, MIT ;575 2 B WA 30

4. dsRNA HIROTTIE A pPCT-3 MR FREUCRITTEE

FREON > RRRHRI S 2% (RE)

— + fttt
pofid 19 63.2* (12) 10.5 {2) 26. 3¢ (5)
dsRNA 7E A 26 92. 3¢ (24) 3.9 (1) 3.9 (1)

* X 129 5,
a vs. b: PL0.05, ¢ vs. d: P<0.05
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% 5. siRNANRZ & —DNADSAMIE A pPCT- 3 i T RENC RIZ T 8

EREYN > FRRHIRIE % (325%)

RERX  IEEREK

— + tttt

pogicl 31 35.56* (11) 9.7¢ (3 54. 8¢ {17}
P597 HEA 9 55. 6° (5) 4. 44 (4) 0.0" {0)
PY6L FEA 10 70.0* (7) 10. 0° (1) 20,0' (2)

avs. b: P0.05, c vs. d: P0.05, e vs. : PO
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Comparison of Off-pump and On-pump Coronary
Artery Bypass Grafting in Midterm Results

Objective: Off-pump coronary artery bypass grafting (OPCAB) has become a procedure of choice for
surgical treatiment of coronary artery disease. Although early advantages of OPCAR were confirmed in
comparison with conventional on-pump coronary artery bypass grafting (CABG), late cardiac complica-
tions are still controversial. We examined midterm results of OPCAB compared with standard CABG.
Methods: Between July 1997 and April 2002, 736 consecutive patients who underwent isolated CABG
were retrospectively reviewed. The OPCAB group (Group I} comprised 357 patients (49%), and the on-
pump CABG group (Group I} 379 patients (51%). Their preoperative, intraoperative, and follow-up
data were analyzed. Results: The mean number of distal anastomoses and the early graft patency were
not greatly different between the two groups. The actuarial survival rate at 3 years was not significantly
different between Group I (98.3%) and Group II {98.2%) (p=0.71). The frequency of cardiac events was
4.2%/patient-year in Group I and 2.6 %/patient-year in Group IT (p=0.12}. The actuarial event free rates
were not different between the two groups (p=0.61). The cardiac event free rates at 3 years were signifi-
cantly (p=0.011) higher in patients with complete revascularization (96.7 %) than without complete revas-
cularization in Group I (69.2%) and in Group I (92.7% versus 85.9%, p=0.026). Conclusions: Midterm
clinical outcome in OPCAB is as good as conventional on-pump CABG. Incomplete revascularization
cansed cardiac events more frequently than complete revascularization both in OPCAB and on-pump
CABG in the intermediate follow-up. (Jpn J Thorac Cardiovasc Surg 2004; 52: 240-246)

Key words: corenary artery bypass grafting, minimally invasive cardiac surgery
Michiko Ishida, MD, Junjiro Kobayashi, MD, Osamu Tagusari, MD, Ko Bando, MD,

Kazuo Niwaya, MD, Hiroyuki Nakajima, MD, Satsuki Fukushirna, MD,
and Soichiro Kitamura, MD.

ff-pump coronary artery bypass grafting (OP-
CAB) has become a procedure of choice in
patients with operative risk factors for cardiopulmo-
nary bypass (CPB). The frequency of OPCAB has in-
creased gradually' because CPB induces a systemic in-
flarumnatory responge and other adverse consequences.
Improved stabilizers and other instruments have also
accelerated the increase of OPCAB.
The advantages of OPCAB were reduction in op-
eration time, bleeding, hospitalization, transfusion, and
early morbidity. Although early graft patency of OP-
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CAB is comparable with conventional coronary artery
bypass grafting (CABG) with CPB, the difference in
the cardiac event free rate between OPCARB and con-
ventional on-pump CABG is still controversial. The
lower number of grafts and quality of anastomosis may
affect those long-termn outcomes,

In the present study, we retrospectively examined the
morbidity after discharge associated with CABG and
assessed the efficacy of OPCAB, compared with con-
ventional on-pump CABG.

Subjects and Methods

Between July 1997 and April 2002, 736 consecutive
patients who underwent isolated CABG in our institu-
tion were retrospectively reviewed. The OPCAB group
{(Group I} comprised 357 patients (49%), and the on-
pump CABG group (Group 1) 379 (51%). Preopera-
tive demographic data are summarized in Table I. The
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Table 1. Baseline characteristics -
Variables Group I (n=357) Group Il (n=379) pvalue
Clinical characteristics
Age, mean (SD) (year) 66.6 (8.8) 64.6(8.8) 0.013
Male, % 83.2 86.3 0.24
Angiographie profile
Left main disease, % 252 24.2 0.77
Cne-vessel disease, % 45 1.6 0.02
Two-vessel disease, % 14.6 17.7 0.25
Three-vessel disease, % 55.7 $6.5 0.84
Cardiac profile
Unstable angina, % 22.7 28.5 0.07
Acute myocardial infarction, % 53 4.0 (.38
Previous myocardial infarction; % 28.9 24.0 0.14
Poor ejection fraction (<30%), % 34 37 0.81
Redo surgery, % 2.5 3.8 0.03
Emergency surgery, % 8.4 9.0 0.78
Preoperative [ABP, % 2.2 4.5 0.09
Cemorbidity
Hypertension, % 65.0 68.1 0.37
Diabetes, % 46.2 410 .84
Hyperlipidernia, % 54.9 49.3 0.13
Cerebral vascular disease, % 18.8 11.6 0.0067
Chronic renal failure, % 9.0 32 0.0009
Dialysis, % 34 1.6 .12
Chronic pulmonary obstructive disease, % 20 29 0.41
IABF, Intra-aortic balloon pumping,
mean age at operation was significantly older in Group 100% - —
I(66.6+8.8 years) than in Group II (64.6+8.8 years)
(p=0.013). OPCAB was performed more frequently 0w
in patients with cerebral vascular disease and chronic 60% L
renal failure. Redo CABG was more frequently per-
formed with cardiopulmonary bypass. About 2 weeks 40% -
after the operation, 670 patients (91%) underwent corc- 20m L
nary and graft angiography.
Follow-up data were compiled by April 30, 2002. 0%
The data of patients followed up in our out-patient 1997.7-2000.2 2000.3-2000.12 2001.1-2002.4

clinic were obtained from their records. The data of
other patients were obtained by primarily question-
naires and telephone interviews. The follow-up was
completed in 100% of the patients. The interval from
the operation was 1.0£0.8 years in Group I, and 3.2+
1.0 years in Group II (p<0.0001). In the early series,
patients with single vessel disease and who needed less
distal anastomoses were assigned for OPCAB (Group
D). During this period, OPCAB has gradually increased
and replaced on-pump CABG (Fig. 1). The occurrence
~ of new cardiac events after discharge, such as admis-
sion for congestive heart failure and tachyarrhythmia,
refractory angina requiring angioplasty or redo CABG,
acute myocardial infarction, or cardiac death was con-

- -

Fig. 1. Percentage for patients with OPCAB or on-pump
CABG. OPCAB has gradually increased and replaced Gn-pump
CABG.

O Group I, B Group L.

ducted. Late corenary angiography was performed for
patients with recurrent ischemic events on symptorns.?

Complete revascularization was defined as the revas-
cularization of at least one bypass in each of the three
major coronary artery systems diseased, and not being
necessary 1o bypass every stenotic vessels, regardless
of the number involved.*'
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Table L. Intraoperative characteristics
Variables Group I (n=357) Group I (n=379} p value
Number of distal anastomoses,
mean (ST 3.1(1.0) 3.2(1.0) 0.074
Arterial graft bypass, % 93.2 58.3 <0.0001
Grafted vessel, %
LAD 99.7 100 0.98
Dx 36.7 346 0.14
HL or OM 29.1 46.4 <0.0001
FL 511 543 0.45
4AV 235 17.2 0.04
PDA 49.3 499 0.94
RCA 8.1 17.4 0.0003
Early graft patency,% 96.9 97.1 0.80
Complete revascularization, % 73.4 71.8 0.17

LAD, Left anterior descending artery; Dx, diagonal branch; HL, high |

ateral branch; OM, obtuse marginal branch; PL, posteralateral branch;

AV, atrioventricular artery; PDA, posterior descending artery; RCA, right coronary artery.

Operative technique. Conventionat CABG was
performed with CPB using an ascending aortic perfu-
sion cannula and single venous cannula. Myocardial
protection was achieved with antegrade and retrograde
tepid blood cardioplegic arrest under aortic cross-
clamping. OPCAB was performed through a median
stermotomy. The details of the procedure were previ-
ously described.' Partial clamping of the ascending
aorta was performed for the proximal ANAStOmOSis in
27 patients (7.6%). In 330 patients (92.4%), OPCAB
was performed by the aorta “no-touch” technique with
a combination of in situ and composite grafting.

Statistical analysis. Values are presented as means
+standard deviations. Continuous variables were
compared by the Wilcoxon rank sum test and discrete
variables were analyzed using Fisher’s exact test.
Probability of survival or event free rate was calculated
by the Kaplan-Meier life-table method and differences
were analyzed by Mantel-Cox. Differences were con-
sidered statistically significant at p<0.03.

Results

The mean number of distal anastomoses was 3.1+
1.0 in Group I, and 3.2£1.0 in Group II (p= 0.074}.
The arterial grafts were more frequently used in
Group 1 (93.2% of all grafts) than in Group 1 (58.3%)
(p<0.0001). Anastomosis was more frequently per-
formed for the atrioventricular artery (AV) in Group
I (p=0.04), and for the high lateral branch (HL) or the

obtuse marginal branch (OM) and the right coronary
artery (RCA) in Group II (p<0.0001, 0.0003, respec-
tively). The early graft patency was not significantly
different between the two groups (96.9% in Group I
and 97.1% in Group I, p=0.80) (Table II).

The incidence and causes of early and late events are
listed in Table XII. The actuarial survival rate at 3 years
in Group I (98.310.8%) was not significantly differ-
ent from that in Group II (98.220.7%) (p=0.71) (Fig.
2). The incidence of hospital deaths in Group 1{1.4%)
was not significantly different from that in Group II
(1.3%) (p=0.92). The late mortality was 5 patients
(1.4%) in Group I and 3 (0.8%) in Group IL. Cardiac
events occwred in 15 patients (4.2%) in Group I and
22 (8.4%) in Group II (Table II1). The frequency of
cardiac events after discharge was 4.2+ 1.1%/patient-
year in Group I and 2.6+0.5%/patient-year in Group
II (p=0.12). The actuarial event free rates were not
significantly different between the two groups (p=0.61)
(Fig. 3).

Complete revascularzation was performed in 73.4%
i Group I. The actuarial survival rate at 3 years saw a
mirimal difference between patients with complete and
incomplete revascularization (99.1:0.7% versus 96.3
+2.1%, p=0.10) (Fig. 4). The cardiac event free rate at
3 years was significantly (p=0.011) higher in patients
who received complete revascularization (96.7+ 1.5%)
than in patients wha did not (69.24:16.0%) in Group I
(Fig. 5). Similarly in Group 11, 77.8% patients received
complete revascularization. The actuarial survival rate
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Table INI. Midterm elinical outcome
Qutcome Group I (n=357) Group I (n=379) p value
Death {total) 10 (2.8%) 8(2.1%)
hospital death 5(1.4%) 5{1.3%) 0.92
cerebral bleeding ] low cutput syndrome 3
pnewmncnia ] VSP1
mediastinitis 1 respiratory insufficiency 1
sepsis 1
AMI 1
late death 5(1.4%) 3{0.8%)
cerebral infarction 1 ARDS 1

gastric cancer 2

- AMI 1
heart failure after AVR |
Cardiac eveat (total) 15(4.2%)
linearized rate 4.2+ 1.1%/pt-yr
congestive heart failure 7 (2.0%)
reintervention 4(1.1%)
cardiac death 3(0.8%)
archythmia (VT) 1(0.3%)

Non-cardiac event
stroke 4(1.1%)
linearized rate 1.1£0.6%/pt-yr

mediastinitis 1
cholecystic cancer 1

32 (8.4%)
2.6+0.5%/pt-yr 0.12
13 (3.4%)

13 {3.4%}

4(1.1%)

2(0.5%)

10 {2.6%)
0.8+0.3%/pt-yr 062"

VSP, Ventricular septal perforation; AMI, acute myocardial infarction; ARDS, adult respiratory distress syndrome,

AVR, aortic valve replacement; V7, ventricular tachycardia.

at 3 years was similar in patients with complete and
incomplete revascularization (98.6+0.7% versus 96.4
+2.0%, p=0.18) (Fig. 6). The cardiac event free rate at
3 years who received complete revascularization was
superior (92.74:1.6%) to patients who did not (85.9%
4.0%, p=0.026) (Fig. 7).

Discussion

OPCAB has become more common since the late
"1990s after establishment of the deep pericardial suture
technique and introduction of stabilizers."” The major
advantages of OPCAB were reduction in operation
time, blood loss, hospitalization, and transfusion.""
Arom et al." reported better early clinical results of
OPCAB than standard CABG. After adjustiment with
the STS database model, they found that operative
outcomes were better in the OPCAB group than in the
conventional CABG group if the predicted risk was
high. BHACAS studies, which were randomized con-
trolled trials assessing the effects of cardiopulmanary
bypass, showed significant reductions in early mortal-
ity and morbidity by OPCAB.” In our experiences,
OPCAB contributed rednction of ventilation time, ICU

stay, hospital stay, blood loss, requirement for transfu-
sion, and in-hospital morbidity." However, only a
few long-term studies comparing OPCAB to on-pump
CABG are available though short-term results were en-
couraging. In this study we examined midterm results
of OPCAB and conventional on-pump CABG.

It was suggested that the reducticn of early morbid-
ity with OPCAB surgery might be at the expense of
long-term results, Cooley et al.” reported that OPCAB
with difficulty of access and exposure, especially when
grafting vessels on the lateral or inferior wall, might
compromise the quality of the anastomosis and result
in the greater occurrence of late cardiac complica-
tions. Gundry et al."® performed a 7-year follow-up
study comparing CABG with and without CPB. These
results showed a similar incidence of cardiac and non-
cardiac deaths. The patients who had OPCAB needed
repeat intervention with a percutaneous coronary in-
tervention {PCI) or repeat CABG donble those who
had on-pump CABG. However, these results were
performed before the introduction of stabilizers. Sub-
ramanian et al.” and Poirier et al.” compared OPCAB
with or without myccardial stabilization and showed
coronary artery anastomosis had a lower degree of



