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Coronary artery bypass grafting (CABG) is defined as “open-heart surgery in which a section
of a blood vessel is grafted from the aorta to the coronary artery to bypass the blocked section
of the coronary artery. Cardiac surgery became more feasible in the late 1930s with the
development of the heart-lung machine by Dr. John Gibbon which enabled cardiopulmonary
bypass (CPB). This study aimed at comparing early postoperative outcomes between patients
undergone CABG on-pump versus off-pump. The study was done on 40 patients, 20 of them
was done by on-pump technique and the other 20 was done by off-pump technique. All the
patients were transferred to intensive care unit and were observed for the following criteria:
Early postoperative bleeding, Cardiac support (Medical or Mechanical), Different types of
Arrythmias, Renal function and Hospital stay. Early postoperative bleeding: appears to be
more with On-pump technique in the first 3 post operative days. Cardiac support (Medical or
Mechanical): No significant difference with both techniques. Different types of Arrythmias: No
significant difference with both techniques. Renal function: No significant difference with both
techniques except of only one patient needed renal dialysis was done by on-pump technique.
Hospital stay: No significant difference with both techniques with mean days of hospital stay for
all patients of 8 days. In conclusion, our trial did not show any overall advantage to the use of the
off-pump as compared with the on-pump cardiac surgical approach for coronary bypass grafting.

Keywords: CABG, cardiopulmonary bypass, IHD, OPCAB, ONCAB.

J Curr Med Res Pract 3:69-74
© 2019 Faculty of Medicine, Assiut University

2357-0121

Introduction

First introduced in the mid-1960s, coronary artery
bypass grafting (CABG) is the gold standard
treatment for patients with extensive coronary artery
disease [1]. The first successful open-heart operation
using cardiopulmonary bypass (CPB) was carried
out in 1952 [2]. The development and success of this
approach has undoubtedly contributed to the decline
in deaths owing to coronary artery disease that has
occurred in developed countries during the past five
decades [1]. However, coronary revascularization
on CPB with its attendant aortic manipulation has
been implicated in various complications, including
increased risk of stroke [3,4] and stimulation of a
systemic inflammatory response [5]. This led in the
mid-1980s to renewed interest in performing CABG
on the beating heart[6] helped by the development
of various stabilizing devices[7] like tissue stabilizer
and coronary clamping, which offer an applicable
option for optimal visualization during oft-pump
CABG [8], despite the increased difficulty of this
approach [5]. Since that time, there has been ongoing
debate as to which technique is superior, including
several meta-analyses that have not fully answered
the question [3,4,9,10]. A good illustration of the
dichotomy is the fact that 95% of CABGs in India
are performed oft-pump [5], whereas the figure in the

United Kingdom is ~ 20% [11]. The most important
factor governing the choice of whether to choose
on-pump or off-pump is the long-term outcomes.
Until now, these have been difficult to assess owing
to the lack of long-term reporting from randomized
controlled trials. Some resolution to this problem has
recently occurred with the publication of the 5-year
outcomes of two of the largest randomized controlled
trials to date, namely, the ROOBY (Randomized On/
Off Bypass) [12] and CORONARY (CABG Off
or On-Pump Revascularisation Study) [13] trials.
However, the debate is still unsolved, with no overall
advantage for one technique over the other. In this
study, we tried to compare both techniques regarding a
group of postoperative variables.

Aim
Overall goal This study aimed at comparing early
postoperative outcomes between patients undergone

CABG on-pump versus off-pump.
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Objectives

'The objectives are to assess the following postoperative
outcomes:

(1) Early postoperative bleeding.

(2) Cardiac support (medical or mechanical).

(3) Different types of arrhythmias.

(4) Renal function.

(5) Hospital stay.

Patients and methods

Patients

This study is a retrospective descriptive study
conducted on all patients with Coronary artery disease
(CAD) presented by recurrent attacks of chest pain
and diagnosed with multivessel CAD and meeting
inclusion and exclusion criteria at duration from
May 2017 to April 2018 at Cardiothoracic Surgery
Department, Assuit University Hospital, by one
surgical team.

Inclusion criteria

All patients who presented to cardiothoracic unit for
undergoing elective CABG were included, except for
those mentioned in the exclusion criteria.

Exclusion criteria

The exclusion criteria were as follows:

(1) Re-do patients.

(2) Patients with valve affection.

(3) Patients admitted on emergency basis.

(4) Patients undergone intraoperative shift from
off-pump to on-pump.

Methods
The study was done on patient presented to Assuit
University Heart Hospital between May 2017 and
April 2018.

The operations were done under general anesthesia
by using fentanyl and cisatracurium besylate injection
and insertion of endo-tracheal tube. The operative
technique was started by median sternotomy, followed
by harvesting the internal mammary artery and other
conduits; in case of on-pump technique, initiation of
CPB was done, and in case of off-pump technique, the
tissue stabilizer was used.

All the patients were transferred to intensive care unit
and were observed for the following parameters:

(1) Early postoperative bleeding.

(2) Cardiac support (medical or mechanical).
(3) Different types of arrhythmias.

(4) Renal function.
(5) Hospital stay.

Risk benefits assessment

Information collected by this study may contribute to
the care of patients in the future who have the same
lesions as those that participate in this study. The
information may also improve the future management
of study participants. On the other hand patients will
benefit from the clinical and radiological follow up
postoperatively. There are no known risks associated
with participation in this study. Patients’ treatment and
tollow up will not be altered by any means.

Confidentiality

The investigators will review the charts retrieved
through above mentioned CPT codes to determine
there eligibility. This will be done in a private area at the
cardiothoracic department to ensure confidentiality.
The data from the eligible charts will be kept in locked
cabinets. Each patient will be assigned a specific study
number which will then be used to enter the data into
the computers for analysis and statistical purposes. The
computers will be password protected and no one would
have access to the cabinets, study coding numbers, or
computers except the investigators. Identifiable data
will be accessed only by the investigators and will not
be shared with any other investigators

Informed consent

For the all the patients, since they will be contacted for
follow-up, the procedures of the research will be discussed
with patients and an informed consent will be taken.

Results
Our study was conducted on 40 patients with CAD
presented by recurrent attacks of chest pain and

diagnosed with multivessel CAD.

Overall, 20 (50%) of the patients were done by using
off-pump technique and the other 20 (50%) patients
were done by using the on-pump technique (Table 1).

Mean age of the selected patients was 57 years.
A total of 31 (75%) patients were male and nine (25%)
were female (Table 2).

Bleeding
On monitoring the 40 patients of the study in the first



3 postoperative days regarding the amount of bleeding
from the intercostal drains and mediastinal drains, the
results are as follows.

On-pump technique

Atotal of 20 patientsdone byon-pump technique showed
mean amount of bleeding in the first postoperative day
of 885.50 ml with median (range) of 900 ml (260—
1700 ml); on the second postoperative day of 637.00 ml,
with median (range) of 625 ml (300-950 ml); and
on the third postoperative day of 457.00 ml, with
median (range) of 410 ml (100-1250 ml).

Off-pump technique

A total of 20 patients from the study done by
oft-pump technique showed a mean amount of
bleeding in the first postoperative day of 517.00 ml,
with median (range) of 425 ml (200-1400 ml); on
the second postoperative day of 258.50 ml, with
median (range) of 225 ml (0-950 ml), and on the third
postoperative day of 127.50 ml, with median (range) of
75 ml (0-500 ml) (Table 3).

Table 1 Age (years)

Age (years) Off-pump (n=20) On-pump (n=20) P
Mean+SD 57.00+6.60 57.80+9.59 1.000
Range 42.0-71.0 42.0-84.0

Table 2 Sex

Sex Off-pump (n=20) [n (%)] On-pump (n=20) [n (%)] P
Male 16 (80.0) 15 (75.0) 1.000
Female 4 (20.0) 5 (25.0)

Table 3 Bleeding

Bleeding Off-pump (n=20) On-pump (n=20) P
First day 0.001*
Mean+SD 517.00+335.29 885.50+296.21
Median (range) 425 (200-1400) 900 (260-1700)
Second day 0.000*
Mean+SD 258.50+213.18 637.00+186.89
Median (range) 225 (0-950) 625 (300-950)
Third day 0.000*
Mean+SD 117.50+123.84 457.00+277.19
Median (range) 75 (0-500) 410 (100-1250)
*Significant p-value
Table 4 Cardiac support
Cardiac Off-pump On-pump P
support (n=20) [n (%)] (n=20) [n (%)]
Adrenalin 19 (95.0) 20 (100.0) 1.000
GTN 20 (100.0) 17 (85.0) 0.231
Noradrenalin 13 (65) 11 (55.0) 0.519
IAB 1 (5.0) 3 (15.0) 0.605
Dobutamine 0 (0.0) 3 (15.0) 0.231
Dopamine 0 (0.0 2 (10.0) 0.147

GTN, glyceryl trinitrate; |AB, intra-aortic balloon.
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Cardiac support

All of the 40 patients included in this study had
received different types of cardiac support (chemical
and mechanical) on discharge from the operative
theater as follows.

Off-pump

Of the 20 patients done by off-pump technique,
19 (95%) patients were supported by adrenalin,
20 (100%) patients by glyceryl trinitrate, 13 (65%)
patients by noradrenalin, and one (5%) patient by
intra-aortic balloon (IAB).

On-pump

Of the 20 patients done by on-pump technique,
20 (100%) patients were supported by adrenalin,
17 (85%) patients by glyceryl trinitrate, 11 (55%)
patients by noradrenalin, three (15%) patients by IAB,
three (15%) patients by dobutamine, and two (10%)
patients by dopamine (Table 4).

Arrhythmia
Of all the 40 patients in this study, only four patients
developed postoperative arrhythmia.

Of the 20 patients done by off-pump technique,
two (10%) patients developed postoperative arrhythmia:
one of them developed rapid atrial fibrillation (AF)
and was managed by amiodarone intravenous infusion
successfully to normal sinus rhythm, and the other
patient developed also rapid AF and was managed by
intravenous digoxin successfully to normal sinus rhythm;
both patients had normal sinus rhythm preoperatively.

Of the 20 patients done by on-pump technique,
two (10%) patients had developed arrhythmia: one of
them developed frequent ventricular ectopics, which
were managed by intravenous shots of lidocaine
and magnesium sulfate successfully to normal sinus
rhythm, and the other patient had developed rapid AF
and was managed successfully by intravenous infusion
of amidarone to normal sinus rhythm; both patient had
normal sinus rhythm preoperatively (Table 5).

Renal function
All 40 patients in this study had normal renal functions
preoperatively.

Of the 20 patients done by off-pump technique,
three (15%) patients had slightly impaired renal
functions. All of these three patients were managed by
good hydration and restriction of nephrotoxic drugs,
with no renal dialysis needed; all of the three patients
were discharged with normal renal functions.
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Table 5 Arrhythmia

Arrhythmia Off-pump On-pump P
(n=20) [n (%)] (n=20) [n (%)]

Yes 2 (10.0) 2 (10.0) 1.000

No 18 (90.0) 18 (90.0)

Table 6 Renal function

Renal Off-pump On-pump P

function (n=20) [n (%)] (n=20) [n (%)]

Within normal 17 (85.0) 16 (80.0) 1.000

Impaired 3 (15.0) 4 (20.0)

Table 7 Hospital stay

Hospital stay (days)
Mean+SD
Range

Off-pump (n=20)
8.30+2.11
4.0-12.0

On-pump (n=20) P
8.75+2.12 0.670
6.0-14.0

Of the 20 patients done by on-pump technique,
four (20%) patients had impaired renal functions;
three of these patients were managed by good
hydration and restriction of nephrotoxic drugs, and
the fourth patient needed renal dialysis and showed
improvement after only two settings of dialysis. All
four patients were discharged with normal renal

functions (Table 6).

Hospital stay

The hospital stay of the 40 patients included in this
study was calculated from the day of operation to the
day of discharge to home.

The 20 patients done by off-pump technique showed
mean hospital stay of 8.30 days, with range of 4-12 days.

The other 20 patients done by on-pump technique
showed mean hospital stay of 8.75 days with, range of
6—14 days (Table 7).

Discussion

In this study, we tried to be more specific in comparing
on-pump and off-pump techniques in elective CABG
surgery to determine the early postoperative outcomes
of both techniques.

Bleeding is a common and severe condition after
cardiac operations associated with increased resource
utilization. Severe anemia and use of blood products
are recognized as determinants of morbidity and death
after cardiac operations [13]. In our study, results
showed significant difference between on-pump and
oft-pump techniques with incidence of more rate of
bleeding with the use of CPB machine. These results
are consistent with many trials that showed that

50% of patients undergoing CPB-dependent cardiac

surgery require blood transfusion, with variability
among centers [14]. Unexpected excessive bleeding
occurs in a smaller percentage of CPB patients,
with ~ 10% requiring substantial transfusion following

surgery [14,15].

Comparing the incidence of early postoperative
arrhythmias with both techniques, our study showed
no significant difference between the two techniques.
Many studies about the development of post-CABG
arrhythmias stated that incidence of arrhythmia is
more with the use of CPB owing to the increased
amount of inflammation [16].

Renal function is an important factor to determine
postoperative morbidity following cardiac surgery. In
our study, comparison between oft-pump and on-pump
technique in patients with normal preoperative renal
functions showed no overall significance for the
avoidance of CPB; however, many studies stated that
among patients who undergo elective CABG, oft-
pump coronary artery bypass (OPCAB) significantly
reduces surgical mortality in patients with moderate
or severe preoperative renal dysfunction. It is essential
to consider the preoperative renal function of enrolled
patients when interpreting the results of randomized
trials that evaluated the risk reduction effect of
OPCAB. Further comparison of OPCAB versus
on-pump coronary artery bypass (ONCAB) with
a particular focus on this high-risk patient cohort is

needed [17].

Delivery of postsurgical critical care is a common
component of cardiac surgery practices, and the use
of positive inotropic support is a very important part
in these practices; in our study, we found that the use
of inotropic support is common in almost all patients
included in the study, obviously the most frequently
used was adrenaline in 100% of patients done by
on-pump technique and 95% of patients done by
oft-pump technique, a finding corresponding with the
study done by Kastrup ez a/. [18].

Post-CABG intensive care not only requires the use
of sophisticated equipment but also highly skilled
and dedicated nursing and medical staft. As such,
the ICU takes up a significant proportion of the total
cost associated with the patients’ overall hospital stay,
and therefore, patients with prolonged ICU stays can
have serious cost implications. Furthermore, patients
with prolonged ICU stay can also lead to a shortage
of ICU beds and result in operations being canceled.
As a result, we studied the length of postoperative
hospital stay of patients included in our study with
the results showing no significant difference between
patients operated upon by using oft-pump technique



who showed a mean number of hospital stays of
8.30 + 2.11 days and those operated upon by using
on-pump technique who showed a mean number
of hospital stays of 8.75 + 2.12. Several studies have
identified risk factors for prolonged ICU stay with
varying definitions. Wong and colleagues examined
885 CABG patients and defined prolonged ICU
stay as greater than 48 h. Moreover, unlike our
study, they examined postoperative factors. The risk
factors identified included increased age, female sex,
preoperative myocardial infarction, postoperative use
of IAB pump, inotropes, bleeding, atrial arrhythmia,
and renal insufficiency [19]. Other studies claimed
that ischemic effect of CPB increases the risk of
morbidity and therefore hospital stay [20].

Conclusion

In our study and according to the variables that we
discussed earlier, we have found that on-pump CABG is
associated with increased rate of bleeding, and this could
be owing to the effect of CPB and its effect on the blood

components, namely, the platelets and coagulation factors.

Other variables that were put for comparison between
the two techniques, including arrhythmia, renal
tunctions, cardiac support, and hospital stay, showed
no significant difference.

In conclusion, away from postoperative bleeding that
was found to be more with the use of CPB, our trial
did not show any overall advantage to the use of the
off-pump as compared with the on-pump cardiac
surgical approach for coronary bypass grafting.

More studies are recommended to be conducted on
bigger sample sizes for the sake of exploring more
indicators of postoperative mortality and the surgical
method of choice of management of each indicated
case.

Acknowledgements

Deep thanks to my whole department family.
Presentation at a meeting: Thesis discussion.
Organization: Orman Cardiac University Hospital.

Place: Prof Samir sayed conferences hall.

Date: 17-3-2018

Financial support and sponsorship
Nil.

On-pump vs. off-pump CABG Mohamed et al. 73

Conflicts of interest
There are no conflicts of interest.

References

1.

10.

11.

12,

13.

14,

15.

16.

17.

18.

Head SJ, Bérgermann J, Osnabrugge RL, Kieser TM, Falk V, Taggart DP,
et al. Coronary artery bypass grafting: part 2 — optimizingoutcomes and
future prospects. Eur Heart J 2013; 34:2873-2886.

Susak S, Redzek A, Rosi¢ M, Velicki L, Okiljevic B. Development of
cardiopulmonary bypass — a historical review. Srp Arh Celok Lek 2016;
144:670-675.

Deppe AC, Arbash W, Kuhn EW, Slottosch |, Scherner M, Liakopoulos OJ,
et al. Current evidence of coronary artery bypass grafting offpump versus
on-pump: a systematic review with meta-analysis of over 16 900 patients
investigated in randomized controlled trials. Eur J Cardio-thoracic Surg
2016; 49:1031-1041.

Kowalewski M, Pawliszak W, Malvindi PG, Bokszanski Mp, Perlinski
D, Raffa GM, et al. Off-pump coronary artery bypass grafting improves
short-term outcomes in high-risk patients compared with on-pump
coronary artery bypass grafting: meta-analysis. J Thorac Cardiovasc Surg
2016; 151:60-77.

Apostolakis E, Papakonstantinou NA, Koniari I
revascularization without extracorporeal circulation;
convinced yet? Ann Card Anaesth 2017; 20:219-225.

Gundry SR, Romano MA, Shattuck OH, Razzouk AJ, Bailey LL.
Seven-year follow-up of coronary artery bypasses performed with and
without cardiopulmonary bypass. J Thorac Cardiovasc Surg 1998;
115:1273-1278.

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

Khairy M. Coronary clamping versus shunting during off pump CABG,
early experience and outcome. J Egypt Soc Cardiothorac Surg 2018;
26:95-99.

Dieberg G, Smart NA, King N. On- vs. off-pump coronary artery bypass
grafting: a systematic review and meta-analysis. Int J Cardiol 2016;
223:201-211.

Moller CH, Penninga L, Wetterslev J, Steinbriichel DA, Gluud C. Off-pump
versus on-pump coronary artery bypass grafting for ischemic heart
disease. Cochrane Database Syst Rev 2012; 3:CD007224-CD007224.

Angelini GD, Culliford L, Smith DK, Hamilton MC, Murphy GJ, Ascione
R, et al. Effects of on- and off-pump coronary artery surgery on graft
patency, survival, and health-related quality of life: long term follow-up of
2 randomized controlled trials. J Thorac Cardiovasc Surg 2009; 137:295—
303.

Shroyer AL, Hattler B, Wagner TH, Collins JF, Baltz JH, et al. Five year
outcomes after on-pump and off-pump coronary-artery bypass. N Engl J
Med 2017; 377:623-632.

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; 375:2359-2368.

Ferraris VA, Brown JR, Despotis GJ, Hammon JW, Reece TB, Saha SP,
et al. blood conservation clinical practice guidelines. Update to the society
of thoracic surgeons and the society of cardiovascular anesthesiologists.
Ann Thorac Surg 2011; 91:944-982.

Bennett-Guerrero E, Zhao Y, O’Brien SM, Ferguson TB Jr, Peterson ED,
Gammie JS, et al. Transfusion require- ments in 811 patients during and
after cardiac surgery: A prospective observational study. J Cardiothorac
Vasc Anesth 2011; 25:36—41.

Ravn HB, Lindskov C, Folkersen L, Hvas AM. Transcriptomic and
proteomic patterns of systemic inflammation in on-pump and off-pump
coronary artery bypass grafting. Circulation 2005; 112:2912-2920.

Tomic V, Russwurm S, Moller E, Claus RA, Blaes M, Brunkhorst F, et al.
Off-pump technique reduces surgical mortality after elective coronary
artery bypass grafting in patients with preoperative renal failure. J Thorac
Cardiovasc Surg 2018; 156:976-983.

Kastrup M, Markewitz A, Spies C, Carl M, Erb J, GroBe J, Schirmer U.
Current practice of hemodynamic monitoring and vasopressor
and inotropic therapy in post-operative cardiac surgery patients in

Myocardial
why hasn't it



74 Journal of Current Medical Research and Practice

Germany: results from a postal survey. Acta Anaesthesiol Scand 2007; artery bypass graft with fast track cardiac anesthesia: a new cardiac risk
51:347-358. score. Anesthesiology 1999; 91:936-944.

19. Wong DT, Cheng DC, Kustra R, Tibshirani R, Karski J, Carroll-Munro J, 20. Christakis G. Impact of preoperative risk and perioperative morbidity
Sandler A. Risk factors of delayed extubation, prolonged length of stay on ICU stay following coronary bypass surgery. Cardiovasc Surg 1996;

in the intensive care unit, and mortality in patients undergoing coronary 4:29-35.



