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Abstract
Purpose On-pump beating-heart coronary artery bypass grafting represents a merger of standard on and off-pump techniques and
is thought to benefit patients by coupling the dual absence of cardioplegic arrest (conventional coronary surgery), with the
hemodynamic instability during manipulation seen in off-pump surgery. However, the clinical benefits are still under discussion.
We improvised on the standard on-pump beating-heart surgeries by introducing use of Bintermittent^ bypass as and when
required.
Methods This study involved 108 patients. BIntermittent^ on-pump-beating heart coronary artery bypass graftingwas done using
suction stabilizer and placing aortic and venous cannula, electively in all patients (group 1) who were supported by pump
intermittently (n = 54). Retrospective data of patients who underwent off-pump surgery electively by the same surgeon (group
2, n = 54) was collected.
Results There was a significant advantage in the number of grafts performed for the lateral surface (circumflex branches) using
the new technique compared to conventional technique (68vs22). Similarly, significant advantage was also noted in terms of total
number of grafts along with shorter operating times. There were no mortalities in the new group compared to the off-pump group
and blood loss was also lesser.
Conclusions BIntermittent^ on-pump coronary revascularization is a technically reliable method of coronary revascularization
taking advantage of the off-pump and conventional on-pump techniques while considerably eliminating the disadvantages of
both. It has shown its superiority in safety, number of grafts, blood loss, operating time and perioperative course.
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Introduction

The morbidities of conventional coronary artery bypass
grafting (C-CABG) have been attributed to the use of cardio-
pulmonary bypass (CPB) which has shown to be associated
with systemic inflammatory response owing to the exposure
of the blood to large foreign body surfaces. This has also
shown to cause reperfusion injuries to the lungs and heart. It
is also a well-known fact that once the heart is arrested, al-
though being protected by cardioplegia of different kinds,
there is still some extent of myocardial ischemia and a tempo-
rary decline in cardiac function. For this reason, the

development of off-pump coronary artery bypass grafting
(OPCAB) met a high popularity among surgeons and patients
because it served to eliminate the harmful effects of the heart-
lung machine and the need for cardioplegic arrest.
Understandably, a lot of clinical, pharmaceutical, and bio-
chemical trials have been undertaken to study the outcomes
of OPCAB. Although the OPCAB technique has shown to
reduce the mortality and morbidity in high-risk patients by
eliminating the use of CPB and cardioplegic arrest, it has been
also shown that hemodynamic instability and malignant ar-
rhythmias could occur during the surgical manipulation and
heart displacement for exposure of target coronary arteries and
distal anastomoses. These technical difficulties are believed to
be the leading cause of incomplete or suboptimal revascular-
ization which is attributed to the OPCAB technique.

A newer technique which eliminates the disadvantages of,
while preserving the advantages of both the on- and off-pump
coronary artery bypass grafting (CABG) is the on-pump

* Vivek Tewarson
vctewarson@gmail.com

1 Department of Cardiothoracic and Vascular surgery, King George’s
Medical University, Lucknow, Uttar Pradesh 226003, India

Indian Journal of Thoracic and Cardiovascular Surgery (October–December 2019) 35(4):557–563
https://doi.org/10.1007/s12055-019-00821-2

http://crossmark.crossref.org/dialog/?doi=10.1007/s12055-019-00821-2&domain=pdf
mailto:vctewarson@gmail.com


beating-heart CABG (ON-BH CABG) under normo-thermic
CPB. This represents a merger of standard on-pump and off-
pump CABG techniques, offering greater benefits to high-risk
patients by coupling the dual absence of intraoperative global
myocardial ischemia from cardioplegic arrest (occurring
during C-CABG) with the hemodynamic instability guaran-
teed during extensive heart manipulation (as in OPCAB) and
thus could be described as an acceptable trade-off in high-risk
patients [1].

Although several studies have reported the advantage of
ON-BH CABG in high-risk patients, the clinical benefits of
ON-BH CABG are still under discussion.

Aims and objectives

We began this study already knowing the extensive research
into the risks and benefits of off-pump vs on-pump surgeries
as well as the recently introduced on-pump-beating heart sur-
geries and their benefits. However, we tried to further impro-
vise on the ON-BH surgeries by introducing Bintermittent on
pump beating heart CABG^ using CPB as and when required.
Our aim was to study the early outcomes and benefits of this
technique against the standard established techniques.

Methods

This study was conducted in patients who underwent CABG
from January 2015 to October 2016. This was a bidirectional
observational study involving 108 patients. During this peri-
od, we introduced a new technique of BIntermittent On pump
beating heart CABG^ using suction stabilizer and placing
aortic and venous cannula, electively in all patients consecu-
tively on the list. These patients were supported by pump
intermittently, as and when required thus forming group 1
(n = 54). Retrospectively, we similarly obtained data from 54
consecutive patients in the past who underwent OPCAB elec-
tively by the same surgeon (group 2, n = 54) going back
through the operating list. As the prospective arm was not
randomized but rather a consecutive list, the retrospective
arm was chosen in a similar fashion. Antiplatelet therapy (as-
pirin and/or clopidogrel) was discontinued at least 04 days
prior to the surgery.

Inclusion criteria All patients scheduled for isolated OPCAB
retrospectively, or for isolated ON-BH CABG during the
study period.

Exclusion criteria Patients undergoing combined procedures
involving CABG (valves, carotid endarterectomies, etc.),
emergency surgery, or those with congenital or acquired
platelet/clotting disorders.

The demographic data, risk factors, echocardiographic and
angiographic findings, blood investigations, coagulation pro-
files, and perioperative and postoperative data including CK-
MB, Trop I, NT-Pro BNP, and CRP preoperatively, at 24 and
48 h were recorded which are as such routinely done at our
institution. Standard anesthesia techniques were used for in-
duction and maintenance. After standard internal mammary
artery takedown, anticoagulation was achieved using heparin
(3 mg/kg) to achieve an ACT of more than 480 s. After com-
pletion of anastomosis, protamine was given in all the
patients.

Statistical methods

The statistical analysis was done using SPSS (Statistical
Package for Social Sciences) Version 15.0 statistical
Analysis Software. The values were represented in number
(%) and mean ± SD.

The following statistical formulas were used:

1. Mean
2. Standard deviation
3. Median
4. Chi square test
5. Student’s t test
6. Level of significance

Results

The overall mean age of patients was 56.44 + 8.29 years and
the ages were statistically matched in both groups. Gender
difference was also not found to be significant although over-
all 16.67% of the total patients were females and 83.33%were
males. Hypertension was the commonest comorbidity
(88.89%) followed by hypercholesterolemia, smoking, and
diabetes. This data along with the distribution in coronary
disease anatomy is represented in Table 1.

Operative data is depicted in Table 2 which shows that
there was a significant advantage in the number of grafts done
for the lateral surface (circumflex branches) in group 1 com-
pared to group 2 (68 vs 22). This difference was found to be
highly significant (p < 0.001). Similarly, a high significant ad-
vantage was also noted in group 1 patients in terms of total
number of graft (3.31 ± 1.16 vs 2.30 ± 0.66) and mean oper-
ating time—i.e., beginning of internal mammary artery har-
vesting after sternotomy to completion of all anastomosis—
(1.37 ± 0.23 h vs 2.22 ± 0.45 h), where p value was < 0.001.
We also noted a CPB time of less than 15 min in the majority
of group 1 patients (70.37%) with a mean of 16.81 min. CPB
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was required particularly during grafting of lateral vessels and
was used intermittently when required.

Table 3 shows the postoperative data. There was no signif-
icant difference in the usage of postoperative ionotropic sup-
port, duration of ventilation, ICU stay, arrhythmias, neurolog-
ical or renal events, or requirement of intra-aortic balloon
pump. However, blood loss in the first group was constantly
less than in the second group (406.30 ± 257.90ml vs 567.41 ±
265.20 ml), and although the difference was about 160 ml
only, it was significant statistically. There was no mortality
associated with group 1 patients while there were four deaths
in group 2.

Changes in blood/serum values before and after surgery for
each group are shown in Table 4. The mean hemoglobin of
patients of group I (10.05 + 1.53 g/dl) was found to be signif-
icantly higher than that of group II (9.06 + 1.22 g/dl) after 48 h
of surgery and can be correlated to the lesser amount of blood
loss in the first group. At 48 h post operatively, mean CK-MB
of patients of group I (11.98 + 13.96 g/dl) was found to be
higher than that of group II (5.98 + 3.39 g/dl) (p = 0.038).
Similarly, the Trop-I values of patients of group I (0.85 +

1.52 units) was higher than that of group II (0.17 + 0.10 units)
(p = 0.028). Additionally, the mean CRP values of patients of
group I (118.35 + 27.08 mg/L) was found to be significantly
higher than that of group II (57.23 + 14.18 mg/l) (p < 0.001) in
conjunction with the mean NT-pro BNP which showed a sim-
ilar pattern.

Discussion

This article describes our experience with intermittently using
pump during beating heart CABG, as and when required and
is technically a new and different strategy compared to other
studies describing ON-BH CABGs which use CPB through-
out the procedure.

The morbidities of C-CABG have been attributed to the use
of CPB, cardioplegic arrest, and aortic cross clamping resulting
in ischemia and reperfusion injury. The development of classi-
cal OPCAB served to eliminate these harmful effects of CPB,
and, hence, using the OPCAB technique for multi-vessel myo-
cardial revascularization in high-risk patients was believed to

Table 1 (Preoperative findings)
Group I (n = 54) Group II (n = 54) Statistical significance

No. % No. %

Age < 40 yr 2 3.70 2 3.70 χ2 = 4.385 (df = 3); p = 0.222
41–50 12 22.22 14 25.93

51–60 16 29.63 24 44.44

61–70 24 44.44 14 25.93

Sex Male 14 25.93 4 7.41 χ2 = 6.667 (df = 1); p = 0.010
Female 40 74.07 50 92.59

Risk factors Hypertension 52 96.30 44 81.48 χ2 = 6.000 (df = 1); p = 0.014

Diabetes 22 40.74 28 51.85 χ2 = 6.642 (df = 1); p = 0.423

High cholesterol 46 85.19 42 77.78 χ2 = 0.982 (df = 1); p = 0.322

Smoking 28 51.85 36 66.67 χ2 = 2.455 (df = 1); p = 0.117

Renal failure S. creat

< 2.5 mg/dl

48 88.89 46 85.19 χ2 = 0.289 (df = 1); p = 0.591

S. creat

> 2.5 mg/dl

6 11.11 8 14.81

NYHA class I 0 0 χ2 = 0.707 (df = 2); p = 0.702
II 2 4

III 50 48

IV 2 2

EF < 30% 8 4 χ2 = 1.619 (df = 2); p = 0.445
30–55% 20 20

> 55% 26 30

Coronary
angiography
findings

LMD 16 10
SVD 2 2

DVD 18 20

TVD 36 34

n total number of cases, yr years, χ2 chi square, p p value, df differential, s. creat serum creatinine, NYHA New
York Heart Association, EF ejection fraction

Indian J Thorac Cardiovasc Surg (October–December 2019) 35(4):557–563 559



significantly reduce the incidence of perioperativeMI and other
major complications, ICU stay, and mortality [2]. Despite the
fact that the initial results with OPCAB were reported to be

positive, more recent studies have shown a less favorable out-
come after OPCAB, for example, a meta-analysis of 22 studies,
enrolling a total of > 100,000 patients, showed that C-CABG

Table 2 Operative data showing significant advantage in the number of grafts done for the lateral surface (circumflex branches) in group 1 compared to
group 2

Operative findings Group I Group II Statistical significance

NO. NO.

Grafted coronary artery Anterior surface LAD diagonal 75 72 χ2 = 14.712 (df = 2);
p < 0.001Lateral surface LCx OM1/OM2 68 22

Inferior surface RCA PDA/PLV 64 52

Number of grafts 1 1 1.85% 4 7.41 χ2 = 29.308 (df = 4);
p < 0.0012 9 16.6% 32 59.25%

3 28 51.85% 16 29.62%

4 10 18.51% 2 3.70%

> 4 6 11.11% 0 0%

Mean no. of grafts 3.31 + 1.16 2.30 + 0.66 t = 5.561; p < 0.001

Mean operative time < 1 hr 3 2 χ2 = 32.133 (df = 3);
p < 0.0011 hr−1:30 21 6

1:30–2:00 24 12

> 2:00 6 34

1:37 ± 0:23 2:22 ± 0:45

Conversion to on pump – 4

CPB time < 15 min 38 –
15–30 min 12 –

> 30 min 4 –

Mean CPB time Mean = 16.81481

NO. number, LAD left anterior descending, LCx left circumflex, OM1 first obtuse marginal, OM2 second obtuse marginal, RCA right coronary artery,
PDA posterior descending artery, PLV posterior left ventricular artery, χ2 chi square, p p value, df differential, t Student’s t test, CPB cardio pulmonary
bypass, hr hour

Table 3 Postoperative course
Group I Group II Statistical significance

Ionotrope use < 6 h 36 26 χ2 = 3.787 (df = 1); p = 0.052
> 6 h 18 28

Ventilation time < 6 h 30 36 χ2 = 1.403 (df = 1); p = 0.236
> 6 h 24 18

Post op. bleeding < 400 ml 30 10 χ2 = 19.902 (df = 2); p < 0.001
400–600 ml 14 36

> 600 ml 10 8

Total 406.30 + 257.90 567.41 + 265.20 t = 3.200; p = 0.002

ICU stay < 2 days 46 40 χ2 = 2.055 (df = 1); p = 0.152
> 2 days 8 14

Arrythmia 7 14 χ2 = 2.897 (df = 1); p = 0.089

Neurological event NIL NIL

Renal failure 6 8 χ2 = 0.328 (df = 1); p = 0.567

IABP required 4 6 χ2 = 0.447 (df = 1); p = 0.507

Mortality 0 4 χ2 = 4.154 (df = 1); p = 0.042

The p value showed a significant difference between the blood loss in the two groups

hr hour, χ2 chi square, p p value, df differential, t Student’s t test, OP operative, ICU intensive care unit, IABP
intra aortic balloon pump
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had better long-term survivals compared to OPCABG [3].
Furthermore, there are more adverse outcomes after emergency
conversions from OPCAB to C-CABG [4].

For this reason, ON-BH CABGs have been described as an
acceptable trade-off in high-risk patients preventing the hemo-
dynamic compromise of OPCAB as well as reducing CPB,
cross clamp, and cardioplegia associated outcomes of classical
C-CABG. [1]. This therefore leads to better myocardial pro-
tection compared to the obligatory pan myocardial ischemia of
C-CABG intraoperatively [5, 6]. Subsets of patients who have
low cardiac functions and reserves aswell as those who present
with acute ischemia for emergency surgeries, may be vulnera-
ble to the ischemia of C-CABG or to the extensive traction of
the heart during OPCAB and, thus, ON-BH CABG can be a
promising alternative for these patients. [7–10].

Surgically, the ON-BH CABG technique proposes to offer a
more stable field for quality anastomosis when compared to the
OPCAB technique because cardiac perfusion is maintained
while at the same time, over distension of the heart is prevented
[11–13]. Due to theoretical uncertainties regarding the ON-BH
CABG technique, interest in this has not been significant and
hence studies are scarce when we compare the other two

strategies. For example in a recent study in 2018 by Dayan
et al., it was concluded that both ON-BH CABG and C-
CABG where similar in terms of long-term survival rates and
operative mortalities [14]. While higher rates of prolonged ven-
tilator support and blood sugar levels were seen in ON-BH
CABG, C-CABG was associated with a higher need of longer
inotropic support. As a conclusion, both these techniques
scored even and the decision rested upon the surgeon to choose
themost appropriate technique. Another new study showed that
the use of CPB support makes ON-BH CABG technically sim-
ilar to C-CABG, and there were no obvious clear differences
between these two strategies either short or long term [15]. We
would like to state here that it should be however considered
that technically and biochemically, ON-BHCABG differs from
classical C-CABG in that there is no aortic cross clamping,
rendering the procedure more physiological.

Technically, during ON-BH CABG, the feasibility of
grafting the branches of the circumflex artery is better because
the heart volume is significantly lessened. Utilizing heart sta-
bilizers (in the same manner as in OPCABs), wider exposure
in the posterolateral fields of the heart can be obtained while
the heart is beating, and although this exposure of the heart

Table 4 Postoperative
hematological variables Hematological variables Time Group I Group II Statistical significance

Mn SD Mn SD t p

CK-MB Preop 2.03 1.56 1.60 0.54 1.335 0.188

24 h 43.72 70.26 21.54 37.30 1.449 0.153

48 h 11.98 13.96 5.98 3.39 2.131 0.038

TROP-I Preop 0.08 0.15 0.08 0.14 0.105 0.917

24 h 1.26 2.28 0.64 1.39 1.219 0.229

48 h 0.85 1.52 0.17 0.10 2.260 0.028

NT-Pro BNP Preop 855.3 1059.0 396.2 564.4 1.988 0.052

24 h 3594.6 4316.5 1836.8 710.5 2.088 0.042

48 h 2893.5 3251.8 1481.4 550.4 2.142 0.037

CRP Preop 3.39 4.68 3.37 0.40 0.031 0.975

24 h 132.20 16.37 118.53 40.53 1.625 0.110

48 h 118.35 27.09 57.23 14.18 10.230 < 0.001

Hemoglobin Preop 12.89 1.70 13.39 1.35 − 1.179 0.244

24 h 10.49 1.40 11.27 1.50 − 1.986 0.052

48 h 10.05 1.53 9.06 1.22 − 2.593 0.012

Platelet Preop 1.98 0.74 2.15 0.65 − 0.885 0.380

24 h 1.47 0.58 1.72 0.62 − 1.526 0.133

48 h 1.35 0.53 1.37 0.45 − 0.167 0.868

INR Preop 1.05 0.11 1.05 0.07 0.326 0.746

24 h 1.55 0.30 1.25 0.22 4.202 < 0.001

48 h 1.53 0.50 1.24 0.22 2.753 0.008

There was a significant difference between the CRP of the two groups at 48 hours (p < 0.001)

CK-MB creatine kinase-(muscle/brain), TROP-I troponin I, NT-Pro BNP N-terminal pro b-type natriuretic pep-
tide, CRP C-reactive protein, INR international normalized ratio, Mn mean, SD standard deviation, p p value, t
Student’s t test, h hours
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happens at the cost of extreme upward retraction potentially
liable to cause myocardial compromise, reasonable myocardi-
al protection is offered by on-pump beating-heart technique
[16]. Our study also showed that there was an advantage
gained by our technique when it came to the number of lateral
branches revascularized. Comparing distal anastomosis be-
tween the two groups in our study, there were no significant
differences in the left anterior descending and right coronary
artery as target vessels between the two groups, while the
difference in proportion of patient in whom distal anastomosis
on circumflex was done in group I (77.78%) and group II
(22.22%) was found to be significant (p < 0.001). Similarly,
the proportion of patients with distal anastomosis done on the
diagonal branches was significantly higher in group I
(29.63%) when compared to group II (3.70%).

Traditionally, it was held that OPCAB is inferior to C-
CABG in terms of the number of grafts performed, but with
the passage of time and perfection of techniques, many studies
showed OPCAB to be equivalent to C-CABG in this aspect
[17]. Our center has been performingOPCAB surgeries nearly
electively for all patients with good outcomes since the last
decade 1. C-CABGwas done when other concomitant surgery
is also planned or for emergencies. Thus, in terms of technical
feasibility of OPCAB even in difficult lesions, beating heart
surgery is our center’s first choice. We however did encounter
difficult situations in extreme manipulation of the heart in
some of our previous cases, and this prompted us to undertake
using intermittent CPB support, with beating heart to study
and see whether there would be better outcomes compared to
OPCAB alone, in elective patients.

Our study showed that number of grafts used in the majority
of the study patients in group I (74.07%) were 3–4 and were
significantly higher (p < 0.001) than those in group II where
majority of the patients (88.89%) were served with 2–3 grafts.
The use of CPB obviously necessitated cannulation and prepa-
ration for bypass. This however was nothing more than an ad-
dition of a routine basic procedure, and, moreover, it was seen
that the operating time was significantly longer (p < 0.001) in
group II (2.22 + 0:45 h) as compared to group I (1.37 + 0.23 h).
There was thus an advantage gained over the OPCAB group
particularly when difficult positioning and bad coronary anato-
my necessitates more attention to detail and caution during
completion of distal anastomosis particularly in vulnerable
hearts during OPCAB. Utilizing intermittent ON-BH CABG
on the other hand made these stretches of time-consuming dif-
ficult grafts more feasible and technically more sound with less
risk of any adverse threat to the cardiac function.

The postoperative data collected for the ON-BH CABG
group in our study has suggested better clinical results than do
those for the OPCAB group. There was no mortality associated
with group 1 patients while there were four deaths in group 2.
Additionally, postoperative bleeding in group II was
567.41 + 267.73 ml which was significantly higher as compared

to group I (406.30 + 260.37 ml). There was no significant differ-
ence in the usage of postoperative ionotropic support though the
average duration of ionotrope usage was more in group 2.
Althoughmore number of patients in group 1 required prolonged
ventilation (24 vs 18 in group 2), the duration of ventilation was
not significant. Length of ICU stay and arrhythmiasweremore in
the OPCAB group along with nonsignificant higher renal events
and requirement of intra-aortic balloon pump perioperatively.

There was conversion of four cases of OPCAB into ON-BH
CABG. During surgery, conversion from OPCAB to CABG-
CPB occurs occasionally. The common factors leading to con-
versions which oftenmay be unanticipated, poor coronary anat-
omy and extensive coronary and myocardial disease and scar-
ring, tachy or brady arrhythmias, hemodynamically frail cardi-
ac function and wall motion abnormalities, and ischemia [18].
Most commonly, patients get converted during grafting of the
obtuse marginal vessels or the ramus intermedius [19], and
conversion to C-CABG leads to a higher rate of adverse events
as shown in previous studies. The use of CPB support elective-
ly as and when required, particularly at the first signs of de-
ranged hemodynamics potentially, reduces the risk of emergen-
cy conversions and, thereby, adverse outcomes in patients
when ON-BH CABG is used.

A significant rise in CRP level after 48 h and a less signif-
icant rise in CKMB, Trop I, and NT Pro BNP level from base
line after 24/48 h of surgery was noted in group 1 patients as is
expected after CPB. But, these did not affect the better post-
operative outcome in these patients because of the relatively
short duration of about 15 min average of CPB support with-
out cross clamping.

Finally, according to the best evidence paper by
Sepehripour [20], with the exception of one study that favored
the off-pump technique, their review did not demonstrate a
statistically significant difference in terms of mortality be-
tween the off-pump and on-pump beating-heart surgery nei-
ther any significant difference in any reported morbidity out-
comes. However, there was a trend towards better outcomes
for the on-pump beating-heart technique, despite a higher risk
profile in terms of age, ejection fraction, and burden of coro-
nary disease. Consistent statistically significant differences
between the groups were the mean number of grafts per-
formed and the completeness of revascularization, both of
which were higher with the on-pump beating-heart technique.

Conclusion

BIntermittent^ ON-BH CABG in our experience has shown to
be a technically reliable method of coronary revascularization
taking dual advantage of OPCAB and C-CABG on one hand
while considerably eliminating the disadvantages and side ef-
fects of both the techniques on the other. It is a promising new
method of coronary revascularization without the need for any
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new learning curve and can be likely considered for all pa-
tients requiring CABG.

Limitations of the study

1. New technique - Although, it has shown its superiority in
a number of outcomes like safety, more number of grafts,
lesser blood loss, shorter operating time, and a better peri-
operative course, this newer technique still requires fur-
ther validation in terms of risk stratification.

2. Sample size - The other limitation was the few number of
patients incorporated in the study. This was not uninten-
tional since we needed a review of our technique in a short
time to decide whether to carry on or not.

3. Lack of randomization - This would be a better study if
patients could be randomized rather than chosen as a co-
hort (due to the relatively small number which we tested).
Randomization in the future with a much larger sample
size would therefore be ideal to verify our present study.
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