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ABSTRACT

Aim: The aim of this study is to evaluate the clinical results of the patients undergoing off-
pump and on-pump coronary artery bypass grafting (CABG) retrospectively in consideration
of current literature.

Material and Methods: A total of 1672 patients undergoing CABG between October 2014
and August 2016 and having a postoperative sinus rhythm were enrolled in the study. Patients
who underwent an additional procedure in addition to CABG and underwent open heart
surgery except CABG were excluded from the study. Off-pump CABG was applied to 783 and
on-pump CABG to 889 of 1672 patients.

Results: In comparison of operative data, duration of operation (p<0.001), number of bypasses
to the coronary arteries (p<0.001), number of bypasses of the right coronary artery to the

posterior descending artery (p<0.001), and diffuse coronary artery disease (p<0.001) were less
in the off-pump CABG group and there was a statistically significant difference. In comparison
of postoperative data, postoperative atrial fibrillation development (p<0.001), intubation time
(p<0.001), intensive care unit stay (p<0.001), length of hospital stay (p<0.001), reexploration

1Gulhane Training and Research (p=0.006), vasopressor drug usage (p<0.001), positive inotropic drug usage (p<0.001), total
Hospital Department of drainage (p<0.001), blood and blood product used (p<0.001), and mortality rate (p=0.001)
Cardiovascular Surgery, Ankara were less in the off-pump CABG group and statistically significant difference was found

between groups.

Conclusion: In this study, we found that off-pump CABG has many advantages. In a selected
group of patients having a coronary artery disease performing CABG in beating heart would
avoid the patient from morbid and mortal negative effects of cardiopulmonary bypass.
Keywords: Off-pump; on-pump; coronary artery bypass; cardiopulmonary bypass.
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Amag: Bu calismanin amaci on-pump ve off-pump koroner arter baypass greftleme (KABG)
yapilan hastalarin  klinik sonuglarmi retrospektif olarak gilincel literatiir 15181inda
degerlendirmektir.

Gerec ve Yontemler: Calismaya Ekim 2014 ile Agustos 2016 tarihleri arasinda KABG
uygulanan ve postoperatif siniis ritmi olan toplam 1672 hasta dahil edildi. KABG yaninda ek
bir islem uygulanmis ve KABG disinda agik kalp ameliyati geciren hastalar ¢aligma disi
birakildi. Toplam 1672 hastadan 783'ine off-pump KABG ve 889'una on-pump KABG
uygulandi.

Bulgular: Operasyonel verilerin karsilagtirilmasinda, operasyon siiresi (p<0.001), koroner
arter baypass sayisi (p<0.001), posterior desenden artere yapilan sag koroner arter
baypasslarinin sayisi (p<0.001) ve yaygin koroner arter hastaligi (p<0.001), off-pump KABG
grubunda daha azd1 ve istatistiksel olarak anlamli bir farklilik vardi. Ameliyat sonrasi verilerin

Sorumlu Yazar karsilastirilmasinda, ameliyat sonrasi atriyal fibrilasyon gelisimi (p<0.001), entiibasyon siiresi
Corresponding Author (p<0.001), yogun bakimda kalma siiresi (p<0.001), hastanede kalma siiresi uzunlugu
Hiiseyin SICIM (p<0.001), reeksplorasyon (p=0.006), vazopressor ila¢ kullanimi1 (p<0.001), pozitif inotropik

drhuseyinsicim@gmail.com ilag kullanimi (p<0.001), toplam drenaj (p<0.001), kullanilan kan ve kan tiriinii (p<0.001) ve
mortalite oran1 (p=0.001) off-pump KABG grubunda daha azdi ve gruplar arasinda istatistiksel
olarak anlaml: bir farklilik oldugu bulundu.

Gelis Tarihi / Received :03.03.2019 Sonug: Bu galismada off-pump KABG’nin bir¢ok avantaji oldugu saptanmstir. Koroner arter
Kabul Tarihi / Accepted : 30.07.2019 hastaligi olan segilmis bir hasta grubunda calisan kalpte KABG uygulanmasi hastalar1
Cevrimigi Yaym Tarihi / kardiyopulmoner baypassin morbidite ve mortaliteye neden olan negatif etkilerinden korur.
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INTRODUCTION

Performing coronary artery bypass grafting (CABG)
surgery with cardiopulmonary bypass (CPB) had been the
gold standard technique from the beginning of coronary
artery surgery. However, due to the negative effects of
CPB and the increasing age of patient population
undergoing CABG leading to the increasing numbers of
accompanying systemic diseases off-pump coronary artery
bypass grafting (OPCAB) have been popular for the last
two decades.

In the studies, hemostasis, neurological, renal and
gastrointestinal functions deteriorated as a result of

systemic inflammatory reaction initiated by the
extracorporeal circuit, mechanical blood trauma,
activation of various immunological cascades

(complement, cytokines) as negative effects of CPB (1,2).
In addition, it has been shown that aortic cannulation and
cross clamp application in the on-pump coronary artery
bypass grafting (ONCAB) technique may cause negative
effects such as neurological and end organ damage as a
result of microembolics (3).

In recent studies, it has been shown that CPB increases
morbidity and mortality. These negative effects of CPB led
surgeons to techniques that allow coronary bypass without
CPB. As a result of different techniques, OPCAB recently
gained popularity among surgeons. Devices developed for
such surgeries and new anesthesia techniques have
become applicable to the majority of patients undergoing
CABG surgery. In this study, we aimed to compare the
results of 1672 patients who were operated with OPCAB
and ONCAB technique with the diagnosis of coronary
artery disease retrospectively and to compare them with
the literature review.

MATERIAL AND METHODS

A total of 1672 patients who underwent CABG operation
and had preoperative sinus rhythm, were included in the
study between January 2014 and August 2016. Patients
with mechanical complications of myocardial infarction,
such as a ventricular septum defect, papillary muscle
rupture, and mitral valve regurgitation, and patients with
cardiogenic shock persisting for a length of 24 hours were
excluded from this study. Besides, combined procedures,
impaired left ventricular function as assessed by
angiography (ejection fraction <30%), patients requiring
chronic dialysis, oliguria and anuria, a high-serum
creatinine level (>2.5 mg/dL), emergency surgery or
reoperation, respiratory impairment, and coagulopathy not
included in the study. Patients who underwent additional
procedures with CABG operations and underwent open
heart surgery other than CABG, were excluded from the
study. Of these patients, 783 patients had OPCAB and 889
patients had ONCAB.

The study was approved by the local Ethics Committee of
Diizce University Medical Faculty (date: 01.04.2019 and
number: 2019/69).

In addition to the routine preoperative laboratory and
radiological examination, each patient was applied
respiratory function test. Bilateral carotid colored Doppler
ultrasonography was applied to the patients older than 55
years old and having a unilateral or bilateral carotid sufl or
a history of cerebrovascular accident. In case of
determining a carotid artery disease, a selective carotid
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artery angiography was applied. With preoperative
transthoracic  echocardiography each patient was
examined in terms of left ventricular ejection fraction,
valvular anatomy, and cardiac spaces. OPCAB technique
was preferred in the patients who had severe atheromatous
plaques and severe calcification in the ascending aorta,
who have high risk or contraindication of the use of CPB
and aortic cross-clamp, have impaired renal function or
chronic renal failure with a risk of embolization, rupture or
dissection, who had cerebrovascular event, elderly,
respiratory problems, systemic disease which increased
the surgical risk or other comorbidities (4). ONCAB
technique was preferred in the patients who had a poor
vascular quality, had an intramyocardial target vessel, a
target vessel disease was diffuse, and the target vessels
were calcified and planned to undergo endarterectomy in
the target vessels, hemodynamic instability, severely
impaired left ventricular functions and previous
myocardial infarction. Median sternotomy was performed
for all CABG operations. The technique we use in OPCAB
operations is described in detail by Yanagawa and Puskas
(5). Two patients who underwent OPCAB surgery but
were switched to emergency CPB due to intraoperative
hemodynamic impairment were included in the CABG
group under CPB. After cardiac arrest with antegrade and
retrograde cold crystalloid cardioplegia and topical
hypothermia, cardiac arrest was achieved with intermittent
retrograde cold blood cardioplegia. Operations were
completed under moderate (28 °C) hypothermia. In 1662
of 1672 patients undergoing CABG, left internal
mammarian artery (LIMA) was used in left anterior
descending artery position. In 10 patients, saphenous vein
grafts were used because LIMA flow was not good.
Saphenous vein grafts were used in the bypasses of the
other coronary arteries. Hot blood cardioplegia was given
before the cross clamp was removed. Preoperative and
operative age, gender, body mass index, diabetes mellitus,
hypertension, chronic obstructive pulmonary disease,
echocardiography  findings, coronary angiography
findings, coronary artery bypass count, coronary artery
grafts used in bypass, duration of operation, aortic cross
clamp and total CPB duration of ONCAB operations, total
amount of cardioplegia used, postoperative vasopressor
therapy, positive inotropic treatment, intra-aortic balloon
pump need, intubation time, intensive care unit and
hospital stay, total amount of red blood product, total
amount of drainage, reexploration, development of
postoperative atrial fibrillation (POAF) and hospital
mortality were evaluated retrospectively.

Statistical Analysis

Statistical analyses were performed using the statistical
program SPSS v.11.5 (SPSS Inc, Chicago, IL). Normality
assumption of variables were determined using the
Kolmogorov-Simirnov test. Student’s t test was used for
comparison of variables with normal distribution while
Mann-Whitney U test was used for comparison of
variables with non-normal distribution. Descriptive
statistics for continuous variables were expressed as
meantstandard deviation and median (minimum-
maximum). Categorical data were presented in frequency
and percentage, and compared using Pearson Chi-square
or Fisher’s Exact test, and p values of 0.05 or fewer were
considered significant.
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RESULTS

The mean age of cases was 58.3+8.7 years in the off-pump
group and 59.5+9.7 in the on-pump group. Body mass
index was 28.4+3.9 in the off-pump group and 28.54+4.3 in
the on-pump group. While 53.8% of patients in the off-
pump group had hypertension, this rate was 58.3% in the
on-pump group. The standard EuroSCORE calculation
was 3.6+2.7 in the off-pump group and 3.242.5 in the on-
pump group. There was no significant difference in terms
of preoperative features except age, left ventricular
ejection fraction and EuroSCORE (Table 1).

In comparison of operative data, duration of operation
(p<0.001), number of bypasses to the coronary arteries
(p<0.001), number of bypasses of the right coronary artery
to the posterior descending artery (p<0.001), and diffuse
coronary artery disease (p<0.001) were less in the OPCAB
group and there was a statistically significant difference
between groups (Table 2).

On-pump and Off-pump Coronary Artery Bypass

In comparison of postoperative data, total drainage amount
was 486.4+56.3 mL in the off-pump group while it was
696.4+34.7 mL in the on-pump group. Intra-aortic balloon
pump usage rate was 1.1% in the off-pump group and 3.6%
in the on-pump group. Reexploration rates were 1.1% in
the off-pump group and 3.1% in the on-pump group.
Mortality rates were 0.1% in the off-pump group and 1.7%
in the on-pump group. In the comparison of postoperative
data, POAF development (p<0.001), intubation time
(p<0.001), intensive care unit stay (p<0.001), length of
hospital stay (p<0.001), re-exploration (p=0.006),
vasopressor drug usage (p<0.001), positive inotropic drug
usage (p<0.001), intra-aortic balloon pump need
(p=0.001), total drainage (p<0.001), blood and blood
product used (p<0.001), and mortality rate (p=0.001) were
less in OPCAB group, and statistically significant
difference was found between groups (Table 3).

Table 1. Comparison of preoperative characteristics of patients in OPCAB and ONCAB groups

OPCAB (n=783) ONCAB (n=889) p

Age (years) 58.3+8.7 59.5+9.7 0.008
Gender

Male 345 (44.1%) 391 (44.0%) 0.974

Female 438 (55.9%) 498 (56.0%)
Body mass index (kg/m?) 28.4+3.9 28.5+4.3 0.620
Diabetes mellitus 381 (48.7%) 451 (50.7%) 0.398
Hypertension 421 (53.8%) 518 (58.3%) 0.064
Chronic obstructive pulmonary disease 193 (24.6%) 205 (23.1%) 0.446
Previous myocardial infarction 410 (52.4%) 473 (53.2%) 0.730
Left ventricular ejection fraction (%) 47.5+8.3 49.1+9.4 <0.001
Standart EuroSCORE %6(327)7 332(?;28)5 <0.001

OPCAB: Off-pump Coronary Artery Bypass Grafting, ONCAB: On-pump Coronary Artery Bypass Grafting, EuroSCORE: European System for
Cardiac Operative Risk Evaluation, values were expressed as mean+standard deviation and median (minimum-maximum) for continuous variables, and

n (%) used for categorical data.

Table 2. Comparison of operative properties of patients undergoing OPCAB and ONCAB

OPCAB (n=783) ONCAB (n=889) p
Cross-clamp time (min) NA gg(zgilz_é;')
. . . 97.1£26.9
Cardiopulmonary bypass time (min) NA 86 (75-128)
. . . 137435 231+49
Operation duration (min) 132 (110-161) 226 (180-320) <0.001
. . 1518+437
Total amount of cardioplegia used (ml) NA 1400 (1000-1600)
Number of anastomoses performed
2 and less 574 (73.3%) 346 (38.9%) <0001
3 and more 209 (26.7%) 543 (61.1%) '
Diffuse coronary artery disease 205 (26.2%) 498 (56.0%) <0.001
Left internal mammary artery usage 782 (99.9%) 880 (99.0%) 0.024
Right coronary artery or right coronary posterior 97 (12.4%) 786 (88.4%) <0.001

descending artery grafts

OPCAB: Off-pump Coronary Artery Bypass Grafting, ONCAB: On-pump Coronary Artery Bypass Grafting, NA: not applicable, values were expressed
as meantstandard deviation and median (minimum-maximum) for continuous variables, and n (%) used for categorical data.
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Table 3. Comparison of postoperative characteristics of patients with OPCAB and ONCAB

Vasopressor therapy (adrenalin, noradrenalin)
Positive inotropic therapy (dopamine)
Intra-aortic balloon pump

Total drainage (mL)

Total amount of red blood product used (mL)

Intubation time (hours)

Intensive care unit stay (days)

Hospital stay time (days)
POAF development

POAF development times (hours)

Re-exploration
Mortality

OPCAB (n=783) ONCAB (n=889) D
32 (4.1%) 147 (16.5%) <0.001
97 (12.4%) 246 (27.7%) <0.001

9 (11%) 32 (3.6%) 0.001
483644563 696.4+34.7
465 (150-850) 682 (175-025) <0.001
463.5478.4 743.5435.6
442 (225-625) 734 (250-850) <0.001
6.141.6 117434
4 (2-18) 9 (4-26) <0.001
22413 3.5+1.5
1(1-8) 2 (1-12) <0.001
5.1£2.6 7.4+3.8
4(38) 5 (4-14) <0.001
79 (10.1%) 251 (28.2%) <0.001
4242121 4714132
36 (24-46) 38 (22-42) <0.001
9 (11%) 28 (3.1%) 0.006
1(0.1%) 15 (1.7%) 0.001

OPCAB: Off-pump Coronary Artery Bypass Grafting, ONCAB: On-pump Coronary Artery Bypass Grafting, POAF: Postoperative atrial fibrillation,
values were expressed as mean=standard deviation and median (minimum-maximum) for continuous variables, and n (%) used for categorical data.

DISCUSSION

In previous studies, OPCAB technique has many
advantages over ONCAB technique. OPCAB technique
reduces systemic inflammatory response caused by CPB,
operative trauma, postoperative complication rate, length
of rehabilitation, duration of intensive care unit stay,
hospital stay, morbidity and hospital cost, but also
decreases stroke, neurocognitive dysfunction, organ
dysfunction and atrial fibrillation (AF), these benefits
confirmed by clinical trials (6,7). In addition, OPCAB
technique has shown advantages such as less blood loss,
less blood transfusion requirement, need for less inotropic
support, less morbidity, less mortality and less cost (8-12).
The OPCAB technique will continue to be beneficial for
the patient with the concomitant pathology of
atherosclerotic plaques or the situation of a porcelain aorta.
Other patient cohorts are those with further
contraindications for the use of extracorporeal circulation
as those with liver cirrhosis or evolving failure. There is no
doubt, that the OPCAB technique will play its special role
in the future. Long- term results by those groups who are
using the latter in the majority of their patients, should
clarify the current question, whether the OPCAB
technology is detrimental to our patients or an enrichment
of the surgical armamentarium.

The authors concluded that off-pump techniques may
reduce early mortality in selected patients undergoing re-
operative CABG; however, this does not persist into mid-
term follow-up. OPCAB may also lead to intraoperative
conversion and, although this did not affect outcomes in
this study, these results are constrained by the limited data
available. Furthermore, OPCAB may increase target
vessel revascularization and, consequently, incomplete
revascularization which, whilst not reflected in the short-
term outcomes, requires longer-term follow-up in order to
be fully assessed (13).

Diizce Tip Fak Derg | Duzce Med J, 2019;21(2):112-117

Patients with higher eGFR stages had statistically more
reduced long-term survival, and this pattern was similar in
the three treatment groups, also including the OPCAB
group, who had the lowest survival in patients with eGFR
stage 4. The authors concluded that patients with low GFR
(Stages 3-4) undergoing ONCAB were at increased risk of
early mortality. In contrast, there were no significant
differences in operative mortality among eGFR groups in
OPCAB patients. This ‘off-pump advantage’ on early
outcomes was not observed at the long-term follow-up
(14).

In addition to these two major trials several detailed
questions in this matter were answered by various authors.
Keeling and co-workers (15) analyzed the effect of off-
pump versus on-pump coronary revascularization in
patients with low ejection fraction. Between January 1,
2008 and June 30, 2011 data of 25667 patients with an EF
of less than 0.3 according to the Society of Thoracic
Surgeons National Data Base, who underwent primary
non-emergent CABG were analyzed. 20509 had an
ONCAB procedure and 5158 an OPCAB procedure.
Propensity scores were estimated using 32 covariates and
multivariate logistic regression was used to compare risk-
adjusted outcomes between groups. The results showed
that patients undergoing planned OPCAB were older,
more frequently female and had a lower body mass index
than those who underwent ONCAB. Unplanned
conversion to CPB occurred in 270 (5.2% of the 5158
patients). OPCAB was associated with a significant lower
adjusted risk of death (Odds Ratio (OR)=0.82, stroke
(OR=0.67) and major adverse cardiac events (OR=0.75)
and prolonged intubation (OR=0.78), postoperative
transfusion rates were significantly lower in the OPCAB
group (54.8% vs 51.6%). There were no adverse outcomes
that occurred more commonly in OPCAB patients. The
advantages associated with OPCAB were found in the
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entire Society of Thoracic Surgeons National Database
and among high-volume and low-volume OPCAB centres
(15).

In recent studies, it has been shown that the complications
related to CPB are higher in high-risk patients and
consequently, mortality, morbidity and cost rates increase
in these patient groups (16-19).

The CORONARY trial (20) is a large trial (n=4502
patients) designed to compare the two strategies. The final
5-year results showed similar outcomes with OPCAB and
ONCARB. The difference between OPCAB and ONCAB in
terms of number of grafts (3.0 vs. 3.2) and incidence of
incomplete revascularization (11.8% vs. 10.0%) was only
marginal. In the CORONARY, each procedure was
performed by a surgeon who had expertise in the specific
type of surgery (completion of more than 100 cases of the
specific technique either off-pump or on-pump). A
limitation of the CORONARY is that only patients at
higher risk were enrolled and this aspect might limit the
generalizability of the study findings.

In contrast, in the ROOBY trial (21), which enrolled 2203
patients, OPCAB has been recently reported to be
associated with increased 5-year mortality (15.2% in the
OPCAB group versus 11.9% in the ONCAB group,
Relative Risk (RR)=1.28; 95.0% CI=1.03 to 1.58), and
MACCE rates (31.0% in the OPCAB group versus 27.1%
in the ONCAB group (RR=1.14; 95.0% CI=1.00 to 1.30).
This trial has also demonstrated that the patency rate of the
off-pump arm was lower than that of the on-pump arm on
12-month angiography. Such findings can be partially
explained on the basis that the 53 participating surgeons
enrolled on average only eight patients per year during the
study period and had unacceptably high conversion rates
to on-pump surgery (12.0%) and incomplete
revascularization (18.0%). Moreover, in 60.0% of the
cases, a resident was the primary surgeon again raising
concerns about the relative inexperience translating into
poor graft patency.

The survival advantage consistently associated with
ONCAB over OPCAB has been attributed to the higher
rates of incomplete revascularization, and worse graft
patency with OPCAB compared with ONCAB observed in
randomized trials and retrospective studies. Patients
undergoing OPCAB have repeatedly been shown to
receive fewer bypass grafts either than planned or than the
number of diseased territories, in comparison with patients
undergoing ONCAB. In a meta-analysis of 76 randomized
trials reporting the number of grafts performed, OPCAB
was associated with fewer grafts compared with ONCAB.
The incidence of graft occlusion within 30 days was also
higher in patients who underwent OPCAB compared with
ONCAB in this meta-analysis (7.3% vs. 4.4%), and the
rate of repeat revascularization within 1 year was higher
after OPCAB (2.2% vs. 1.5%) (21). Our data confirm the
higher rates of incomplete revascularization with OPCAB.
These differences have been attributed to differential
expertise bias in randomized and observational studies,
due to the greater technical challenges of anastomosing a
coronary artery on a beating heart, compared with the
arrested heart in ONCAB. To address this, our study
inclusion  criteria  specified surgical proficiency
(experience of at least 100 on-pump or off-pump cases) for
inclusion in each treatment arm. In this pool of relatively
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expert surgeons, OPCAB was still associated with fewer
anastomoses and greater likelihood of incomplete
revascularization, which we found to be an independent
risk factor for late mortality in all patients.

In our study with literature compatible, better
postoperative results were obtained in the OPCAB group.
However, in this study, in the patients group with ONCAB;
when the operative data were analyzed, the number of the
bypassed veins, the number of bypasses to the right
coronary posterior descending artery and the high number
of patients with diffuse coronary artery disease suggest
that it may be effective in the postoperative results.
Ascione et al. (22) have shown that; AF, which is the most
common arrhythmia type after CABG operations,
develops significantly less in OPCAB patients. In our
study, AF was less observed in OPCAB patients (10.1% vs
28.2%). In this study, the need for vasopressor therapy, the
need for positive inotropic therapy, the need for intra-
aortic balloon pump, the amount of chest tube drainage,
the total amount of red blood product used, the duration of
intubation, the duration of intensive care unit stay, hospital
stay, reexploration, mortality and POAF development in
patients with OPCAB was found statistically significantly
lower than the patients who underwent ONCAB (23).
Finally, it has been argued that advances in technology and
clinical practice, including optimal medical therapy,
intraoperative epiaortic assessment, and CPB, have
addressed more limitations of ONCAB surgery than
OPCAB. We believe that these findings have clear
implications for the optimal choice of procedure in the
majority of patients undergoing surgical revascularization
who do not have contraindications to CPB.

CONCLUSION

As a result, we think that OPCAB patient group has better
postoperative results in terms of morbidity, mortality and
cost, so it is safer to choose OPCAB technique for selected
appropriate patient groups planned for CABG surgery as
much as possible.

To conclude we could say that short term morbidity and
mortality is less in very high-risk patients with off-pump,
possibly because the procedure is shorter. It would be right
to say that shorter the procedure, the better, especially for
older, sicker patients. The length of the procedure is
significantly shorter with off-pump than on-pump.
However we suggest that the technique used should
depend on the ease of the surgeon doing the operation as
both the methods seem almost equally efficient according
to the review otherwise. Certainly more data over large
randomized trials is required before off-pump superiority
over on-pump can be firmly established.

REFERENCES

1. Butler J, Rocker GM, Westaby S. Inflammatory
response to cardiopulmonary bypass. Ann Thorac
Surg. 1993;55(2):552-9.

2. Westaby S. Organ dysfunction after cardiopulmonary
bypass: a systemic inflammatory reaction initiated by
the extracorporal circuit. Intensive Care Med.
1987;13(2):89-95.

3. Blauth CI, Cosgrove DM, Webb BW, Ratliff NB,
Boylan M, Piedmonte MR, et al. Atheroembolism from
the ascending aorta: an emerging problem in cardiac

116



Demirdas et al.

surgery. J Thorac Cardiovasc Surg. 1992;103(6):1104-
12.

4. Cleveland JC Jr, Shroyer AL, Chen AY, Peterson E,
Grover FL. Off-pump coronary artery bypass grafting
decreases risk-adjusted mortality and morbidity. Ann
Thorac Surg. 2001;72(4):1282-9.

5. Yanagawa B, Puskas JD. Off-pump coronary artery
bypass grafting. Oper Tech Thorac Cardiovasc Surg.
2016;21(1):2-19.

6. Mathison M, Edgerton JR, Horwell JL, Akin JJ, Mack
MJ. Analysis of hemodynamic changes during beating
heart surgical procedure. Ann Thorac Surg.
2000;70(4):1355-61.

7. Ehsan A, Shekar P, Aranki S. Innovative surgical
strategies: minimally invasive CABG and off-pump
CABG. Curr Treat Options Cardiovasc Med.
2004;6(1):43-51.

8. Buffolo E, de Andrade CS, Branco JN, Teles CA,
Aguiar LF, Gomes WJ. Coronary artery bypass
grafting without cardiopulmonary bypass. Ann Thorac
Surg. 1996;61(1):63-6.

9. Calafiore AM, Di Mauro M, Canosa C, Cirmeni S, Taco
AL, Contini M, et al. Myocardial revascularization
with and without cardiopulmonary bypass in
multivessel disease: impact of strategy on midterm
outcome. Ann Thorac Surg. 2003;76(1):32-6.

10. Yoon SS, Bang JH, Jeong SS, Jeong JH, Woo JS. Risk
factors of on-pump conversion during off-pump
coronary artery bypass graft. Korean J Thorac
Cardiovasc Surg. 2017;50(5):355-62.

11.Plomondon ME, Cleveland JC Jr, Ludwig ST,
Grunwald GK, Kiefe ClI, Grover FL, et al. Off-pump
coronary artery bypass is associated with improved
risk-adjusted  outcomes.  Ann  Thorac  Surg.
2001;72(1):114-9.

12. Hoff SJ, Ball SK, Coltharp WH, Glassford DM Jr, Lea
JW 4th, Petracek MR. Coronary artery bypass in
patients 80 years and over: is off-pump the operation
of choice? Ann Thorac Surg. 2002;74(4):S1340-3.

13. Sepehripour AH, Harling L, Ashrafian H, Casula R,
Athanasiou T. Does  off-pump coronary
revascularization confer superior organ protection in
re-operative coronary artery surgery? A meta-analysis
of observational studies. J Cardiothorac Surg.
2014;9:115.

14. Garcia Fuster R, Paredes F, Garcia Pelaez A, Martin E,
Cénovas S, Gil O, et al. Impact of increasing degrees
of renal impairment on outcomes of coronary artery

Diizce Tip Fak Derg | Duzce Med J, 2019;21(2):112-117

On-pump and Off-pump Coronary Artery Bypass

bypass grafting: the off-pump advantage. Eur J
Cardiothorac Surg. 2013;44(4):732-42.

15. Keeling WB, Williams ML, Slaughter MS, Zhao Y,
Puskas JD. Off-pump and on-pump coronary
revascularization in patients with low ejection fraction:
a report from the society of thoracic surgeons national
database. Ann Thorac Surg. 2013;96(1):83-9.

16. Angelini GD, Taylor FC, Reeves BC, Ascione R. Early
and midterm outcome after off-pump and on-pump
surgery in Beating Heart Against Cardioplegic Arrest
Studies (BHACAS 1 and 2): a pooled analysis of two
randomised controlled trials. Lancet.
2002;359(9313):1194-9.

17.van Dijk D, Nierich AP, Jansen EW, Nathoe HM,
Suyker WJ, Diephuis JC, et al. Early outcome after off-
pump versus on-pump coronary bypass surgery: results
from a randomized study. Circulation.
2001;104(15):1761-6.

18. Puskas JD, Williams WH, Duke PG, Staples JR, Glas
KE, Marshall JJ, et al. Off-pump coronary artery
bypass grafting provides complete revascularisation
with  reduced myocardial injury, transfusion
requirements, and length of stay: a prospective
randomized comparison of two hundred unselected
patients undergoing off-pump versus conventional
coronary artery bypass grafting. J Thorac Cardiovasc
Surg. 2003;125(4):797-808.

19. Ascione R, Lloyd CT, Underwood MJ, Lotto AA,
Pitsis AA, Angelini GD. Economic outcome of off-
pump coronary artery bypass surgery: a prospective
randomized study. Ann Thorac Surg. 1999;68(6):2237-
42,

20.Lamy A, Devereaux PJ, Prabhakaran D, Taggart DP,
Hu S, Straka Z, et al. Five-year outcomes after off-
pump or on-pump coronary-artery bypass grafting. N
Engl J Med. 2016;375(24):2359-68.

21.Shroyer AL, Grover FL, Hattler B, Collins JF,
McDonald GO, Kozora E, et al. On-pump versus off-
pump coronary-artery bypass surgery. N Engl J Med.
2009;361(19):1827-37.

22. Adams DH, Chikwe J. On-pump CABG in 2018: still
the gold standard. J Am Coll Cardiol. 2018;71(9):992-
3.

23. Puskas JD, Martin J, Cheng DC, Benussi S, Bonatti JO,
Diegeler A, et al. ISMICS consensus conference and
statements of randomized controlled trials of off-pump
versus conventional coronary artery bypass surgery.
Innovations (Phila). 2015;10(4):219-29.

117



