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ABSTRACT

Background: Coronary artery bypass surgery using cardiopulmonary bypass [CPB] carries the risk of renal impairment, which
cannot be attributed to a single factor. This study compared the off-pump technique with the on-pump technique
on kidney function in ischemic heart disease patients.

Aim of the work: The study aimed to compare off-pump with on-pump technique on kidney and heart functions in patients with
renal impairment with no need for dialysis but with impaired Ejection fraction [EF].

Patients and methods: This prospective non-randomized study included 60 patients who presented with symptoms of ischemic
heart disease and subsequently underwent myocardial revascularization with preoperative serum creatinine
levels between 1.6 to 2.5 mg/dl and EF below 45%. Patients were as following: Group A patients [on-pump]:
included those who underwent surgery on cardiopulmonary bypass. Group B patients [off-pump]: included those
who underwent off-pump surgery. Both groups were compared in terms of renal impairment markers and needed
for dialysis and early postoperative outcome.

Results: Renal impairment needs management by dialysis was developed in nine patients [30%] in the pump group [group I]
and two patients [7.67%] in the off-pump group, with a significant difference. Group [I] showed a significant
increase of transfused blood, blood urea nitrogen, serum creatinine, acute kidney injury [13 patients], reopening
for bleeding, postoperative renal impairment, need for renal dialysis, total intensive care unit stay, and the total
duration of hospital admission. However, it had a significant reduction in hemoglobin and creatinine clearance.

Conclusion: Off-pump coronary revascularization offers a better kidney function preservation and has a decreased risk for
kidney dysfunction in patients with renal impairment without dialysis compared with coronary revascularization
with cardiopulmonary bypass.

Keywords: Coronary artery; On Pump; Coronary revascularization; Renal insufficiency; Dialysis.
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INTRODUCTION

Myocardial ~ revascularizaton has  been
considered the mainstay in coronary artery
disease management for the last 50 years.
Coronary artery bypass grafting [CABG], since the
1960s, is the most intensively studied surgical
intervention ever undertakenl'l.

Coronary artery bypass grafting [CABG]
performed using cardiopulmonary bypass [CPB]
has been the ideal treatment for patients with
ischemic heart disease. However, there has been
increasing evidence that CPB may be responsible
for part of the morbidity associated with CABG
surgery 21,

Recently, CPB was considered a crucial factor
for creating a perfect vascular anastomosis.
Because of CPB's many undesired -effects,
especially in elderly and risky candidates being
taken up for CABG, off-pump coronary artery
bypass surgery [OPCAB] is gaining importancef!.

Beating heart surgery is becoming a safe
alternative  to  conventional myocardial
revascularization. It is thought to be a more
physiological method with the possibility of
reducing mortality and morbidity[!.

Patients with low EF and impaired renal
functions  preoperatively  have  significant
intraoperative and postoperative complications and
mortality and require an efficient preoperative
assessment to verify surgical indication and
optimum intervention modalities to decrease these
consequencesi,

Perioperative renal impairment is the main
determinant of operative and long-term mortality
following surgery. Even patients with mild renal
dysfunction before surgery are more prone to
experience acute kidney insult [AKI] afterward with
a compromised outcomeld!,

AIM Of THE WORK

The current work aimed to evaluate practice
with coronary artery bypass surgery in patients
with impaired kidney functions with preoperative
serum creatinine 1.6 to 2.5 mg/dl and impaired
cardiac function with preoperative EF [25% up to
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40%). The two interventions surgery using off-
pump technique or using cardiopulmonary bypass
technique in a trial to reach a conclusion about
which technique may be safer regarding
preserving kidney and heart function and
associated morbidities in these patients.

PATIENTS AND METHODS
Study design:
This  prospective  non-randomized  study

included 60 patients who had symptoms of
coronary artery disease [CAD] and so underwent
myocardial revascularization with preoperative
serum creatinine levels between 1.6 to 2.5 mg/d|
and EF below 45% at Kasr El-Aini, Banysuef
University Hospital, and Al-Azhar University
Hospitals [Centers for both on and off-pump
coronary artery bypass grafting surgery]. Patients
were divided into two groups according to the
surgeon's practice choice and his experience as
following: Group [A] included patients [on-pump]
included  those who had  myocardial
revascularization using cardiopulmonary bypass,
and Group [B] included patients [off-pump]:
included those who had off-pump myocardial
revascularization. Each patient's written informed
consent was obtained preoperatively for data
collection and use.

Inclusion and exclusion criteria

The study included any patient submitted to
CABG with preoperative serum creatinine levels
between 1.6 to 2.5 mg/dl [level who do not need
maintenance dialysis] and poor or LVEF < 45%.

The excluded patients were: those who
underwent combined surgery, for example, CABG
alongside valve surgery, patients on regular
dialysis, urgent cases, patients planned for off
pump CABG and reverted to on pump due to
hemodynamic instability and finally patients for
redo CABG.

Management protocol
Preoperatively:

Assessed preoperative items were age,
gender, smoking, hypertension, diabetes mellitus,
routine preoperative laboratory investigations
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[complete blood count [CBC], renal function tests,
estimated glomerular filtration rate preoperatively
[Glomerular Filtration Rate [GFR] calculated by
Cockcroft and Gault's formula, resting 12-lead
electrocardiogram [ECG], plain chest X-ray,
cardiac catheterization, and pre-operative baseline
transthoracic echocardiography [TTE].

Intraoperative:

The analyzed operative items included
intraoperative  mortality, aortic cross-clamping
[ischemic] time, cardiopulmonary bypass [CPB]
time, hemodynamics, inotropic support demand,
and blood transfusion, and need for intra-aortic
balloon counterpulsation.

Postoperatively:

All patients were followed-up during ICU stay
for hemodynamic status, blood transfusion, blood
glucose level, the need and duration of inotropic
support, daily laboratory investigations, and total
ICU stay. All patients were followed-up during a
postoperative hospital stay for postoperative
adverse complications [ low cardiac output
syndrome, hemorrhagic complications, acute
kidney injury], the total duration of hospital stay,
and routine postoperative TTE. Perioperative
mortality was considered as death occurring during
the 30 days postoperatively. Hemorrhagic
complications were defined by re-operation to
control bleeding or relieve cardiac tamponade.
Acute kidney injury was defined as an increase in
the creatinine level [absolute 20.3 mg/dl,
percentage =50%)] needing treatment or dialysis.

Statistical analysis:

All patients' data were tabulated and processed
using SPSS V13.0 [SPSS Inc., Chicago, IL] for
Windows 2007. Quantitative variables were
expressed using mean and standard deviation and
were compared using the t-student test. Qualitative
variables were compared using the Chi-square test
or Fischer's exact test when appropriate.
Correlation between parameters was performed
using Spearman's rank correlation coefficient. In all
tests, the p-value was considered significant when
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p<0.05, highly significant when p<0.01, and
extremely significant when p<0.001.

Sample size justification: A sample size
calculation was performed depend on MedCalc®
version 12.3.0.0 program "Ostend, Belgium," and
calculation of statistical calculator based on 95%
confidence interval and power of the study 95 %
with a error of 5%. The sample size was 60
patients; 30 patients in each group.

RESULTS

Between April 2017 and March 2019, 60
documented ischemic heart disease patients
necessitating coronary artery bypass grafting were
used. Patients were divided into two groups
according to the surgical preference of performing
surgery using cardiopulmonary bypass or off-

pump.
Preoperative data:

The study populations were 48 [80%] males
and 12 [20%)] females whose ages ranged from 33
to 72 years with a median age of 52.7 years.
Further interpretation of the preoperative patients’
characteristics of the 2 groups is summarized in
[Table 1].

Operative data:

All patients of the 2 groups were submitted for
CABG. No intraoperative mortality occurred. Group [l]
showed statistically significant results in total operative
time. [Table 2] illustrates the analyzed operative data.

Postoperative data:

All the patients were discharged to the ICU
mechanically ventilated and discharged to a regular
room after stabilization. Group [I] showed a statistically
significant increase in blood transfusion, blood urea
nitrogen, creatinine, acute kidney injury, reopening for
bleeding, postoperative renal impairment, need for
renal dialysis, total ICU stay, and the total duration of
hospital admission. But, it had a significant reduction of
hemoglobin concentration and creatinine clearance.
Postoperative data are expressed in [Table 3].
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Table [1]: Patients’ preoperative characteristics

Group [I] [n=30] Group [ll] [n= 30] P-value Significance
Age [years] 5240 +20.38 51.66 + 24.43 >0.05 NS
Female/male 5/25[16.29%] 7/23[23.88%] >0.05 NS
Dyslipidemia 90 [83.33%] 28 [T7.77%] >0.05 NS
Smoking 8[25.92%) 9[30.22%)] >0.05 NS
HTN 27190.11%] 24.[80.66%] >0.05 NS
Previous M.| 14 [46.25%] 12[41.11%] >0.05 NS
Diabetes mellitus [DM] 18 [60.55%] 19[58.11%] >0.05 NS
Angina pectoris as main symptom 23[75.41%) 21[70.55%] >0.05 NS
Shortness of breath as main symptom 7[25.03%)] 9[30.88%] >0.05 NS
Heart rate preoperative 88.37+9.72 7265+ 11.03 <0.05 Significant
LVEDD [cm] 6.01+£05 56907 >0.05 NS
F.S[%] 241016 2+5 >0.05 NS
EF [%] 32.7+13.1 343+95 >0.05 NS
Hemoglobin [gm/dl] 115+16 114+£13 >0.05 NS
B.U.N [mg/dl] 355+17.7 315+129 >0.05 NS
Creatinine clearance [mg/dl] 4146 +845 4047 +£9.38 >0.05 NS
Creatinine [mg/dI] 1.87+0.34 1.85+0.25 >0.05 NS
FBG 127.8 + 31.1 123.3+19.1 >0.05 NS

HTN: Hypertension, LVEDD: Left Ventricular End-Diastolic Diameter, FS: fraction shortening, EF: Ejection fraction, ALT: Alanine
transaminase, AST: Aspartate transaminase, FBG: Fasting blood glucose.

Table [2]: Intraoperative data

Group [A] [n=30] Group [B] [n=30] p-value Significance

Total operation time [min] 344.60 £ 57.54 273.77 £43.07 <0.05 Significant
Total CPB time [min] 11240+ 37.8 - - -

Total cross clamp time [min] 67.50 £ 24.18 - - -
Number of distal anastomoses 3+05 3.23+1.1 >0.05 NS
Need for DC shock 10[33.3 %] 12[37.12] >0.05 NS
Need for IABP 7[23.3 %] 5[16.6] >0.05 NS
Need for inotropic support 29196.67%] 27[90%) >0.05 NS

CPB: Cardiopulmonary bypass, DC shock direct current cardio version, IABP intra-aortic balloon counter pulsations.

Table [3]: Postoperative data

Group [A] [n=30] Group [B] [n=30] p-value Significance
Inotropic support [hrs] 24172 %) 20[ 66%) >0.05 NS
Reoperation for bleeding 7[22.78] 2[6.67%] <0.05 Significant
Blood transfusion 935.33+495.71 580+238.90 <0.05 Significant
Creatinine [mg/dI] 2.62+0.87 1.98+0.66 <0.05 Significant
BUN 49+15.36 325+1543 <0.05 Significant
Creatinine clearance 30.87+11.04 39.84+13.68 <0.05 Significant
Hemoglobin 9.42+1.10 10.35+0.89 <0.05 Significant
Postoperative renal dysfunction 13/30 [43.33 %) - <0.05 Significant
Total ICU stay [days] 3.67+3.33 2.70£2.15 <0.05 Significant
Postoperative M.| 311010 %] 3/30 [ 10 %] >0.05 NS
Postoperative E.F 28+7 3245 >0.05 NS
Postoperative F.S 2615 2415 >0.05 NS
Postoperative LVEDD 6+0.5 5.8+0.5 >0.05 NS

BUN; Blood urea nifrogen, MI; Myocardial infarction, EF; Ejection fraction, FS; fraction shortening, LVEDD; Left ventricular end diastolic
diameter ICU: Intensive care unit.
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DISCUSSION

This work documented the early outcome of
isolated CABG, using cardiopulmonary bypass and
off-pump, for patients with basal serum creatinine
[1.6 to 2.5 mg/dl] who do not need maintenance
hemodialysis and who have low EF. We examined
if off-pump coronary revascularization offers better
kidney preservation and early postoperative
outcome in general when compared with the
standard on-pump technique.

The aim to decrease kidney injury and an
associated complication is an essential item that
may control the decision to perform CABG without
CPBI6l. Results indicate that CPB avoidance by
using current off-pump techniques significantly
reduces the risk for postoperative kidney injury
after CABG.

In this study, the mean age in the two groups
was relatively younger than in other studies. Ueki
et al.fl and Elmahrouk et al.["l stated that the
mean age was above 60 years. This study's
younger mean age may be due to higher risk
factors, especially smoking, dyslipidemia, and
sedentary lifestyle, which are common in most
developing countries, including Egypt. For
example, Mahmoud et al.[] reported that, in the
on-pump group, 56 % of patients had diabetes,
70% were hypertensive, 48.5% had a history of
myocardial infarction [MI], 65.5% were smokers,
and 48.5% had dyslipidemia. In the OPCAB group,
51.5% of candidates had diabetes, 68% were
hypertensive, 41.5 % had a history of myocardial
infarction, 70 % were smokers, and 41.5 % had
dyslipidemia. No statistical significance regarding
the comorbidities, which was nearly comparable to
our study. Otherwise, Dalén et al.l®l Keeps risk
factors constant.

The mean EF was 30% in the two groups. It is
comparable to the mean EF in other studies; Li §
et al."% for example, reported EF of 37% in the
two groups; while Mahmoud et al.l® reported EF
of 30% in both groups, as in the current study.

Although the EF is a good indicator for the
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outcome of surgery; yet some patients with no
increase in the EF have still better follow up; low
EF is not an obstacle to surgery, especially with
the new advents in the anesthetic, surgical
techniques, medications, machines and advanced
technology in ICU!

In patients with low EF, OPCAB was
associated with a significant reduction of
reoperation, perioperative transfusion, prolonged
ICU, and hospital stay.

These results are not different than the largest
retrospective study of OPCAB in patients with low
cardiac function, which showed the clinical impact
of OPCABIM, but that was not the case with the
large randomized controlled trials [the ROOBY and
CORONARY ftrials] did not show improved
mortality in the OPCAB groups.

However, in both studies, patients with an
EF<0.35 comprised only a small portion of the
entire cohort. In the ROOBY trial, patients with
impaired EF accounted for only 5.7% of the entire
cohort, whereas in the CORONARY ftrial, patients
with a low EF accounted for only 5.4% of the
OPCAB group and 5.6% of the ONCAB group.
Therefore, these trials could not reach definite
conclusions about the best surgical coronary
revascularization technique in low-EF
patientsl12.13],

In this issue, large retrospective studies using
suitable risk-adjustment tools are still needed to
consider an appropriate management modality for
candidates with a low cardiac function undergoing
CABG.

Avoidance of transfusion is considered among
the most important benefits of eliminating
extracorporeal circulation. Many studies have
shown the relation of OPCAB with decreased need
for transfusion in patients with a low EF[14-16];
especially, Puskas and colleagues' well-designed
randomized trial showed that OPCAB decreased
the occurrence of coagulopathy. Other recent
studies have shown that perioperative blood
transfusion  requirement  was  significantly
associated with increased CABG complications.
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This finding points that a decrease in transfusion
requirement could explain the lower mortality in
our OPCAB groupl17-18],

There was no significant difference in mean
early post-operative EF between on and off-pump
patients, unlike other studies like Mahmoud et
al.[8] that was [28.1£5.2. %] in the on-pump group
and [31.4£11%] in the off-pump group and Li S et
al.l% that was [29.2+6.5%)] in the on-pump group
and [ 33.6+7.12%)] in the off-pump group. In other
studies, the EF increased slowly in the first 3
months, so the judgment of whether this patient
will have an improvement in EF or not after CABG
is not an early onel9]

Preoperative renal function, which is one of the
strongest prognostic factors, should also be
considered when interpreting the less risk-benefit
of OPCAB that we have demonstrated in this
study. We have [13] patients in the pump group
[43%)] Vs. [3] patients in the off-pump group [10%]
who had impaired postoperative kidney functions.
In the on-pump group, there were [9] patients who
required dialysis [30%)], and they were among the
group of [13] patients who were diagnosed as
postoperative renal dysfunction, while in the off-
pump group [2] patients required dialysis [6.76%)]
and they were among the [3] patients who had
postoperative renal dysfunction. Comparing that to
other studies as following Mahmoud et al.l® that
shows [27%)] of patients in pump group who had
impaired postoperative renal dysfunction and [7%)]
of those had needed renal dialysis while in the off-
pump group [6%] of patients had impaired
postoperative renal functions and [2.3%] of those
needed hemodialysis and also Arslan et al.[20]
that shows [18.75 %)] of patients in the pump group
who needed renal dialysis while in the off-pump
group [2.77%] only needed renal dialysis.

From 13 patients who developed postoperative
renal impairment, nine patients needed dialysis,
analysis of risk factors showed that 5 were older
than 70 years and all patients were hypertensive
and had EF below 35% and had preoperative renal
impairment; 3 patients had previous MI and pump
time > 3 hours, and three patients were reopened
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for surgical bleeding. The off-pump group revised
the data showed that two patients were
hypertensive, diabetic, had previous MI, EF below
35%, and impaired preoperative kidney functions
and reopened post-operative for bleeding.

From this, we found that there is statistical
significance for an elevated level of creatinine
postoperatively between the off-pump group and
on-pump group, and this reflected the role of CPB
in elevating the postoperative level of creatinine.
Statistical ~ significance was found for post-
operative renal dialysis events for the two groups
[30% required dialysis in on-pump versus 6.66% in
the off-pump group]. The systemic inflammatory
response related to CPB has been claimed to
affect multiple organ systems, including the kidney,
adversely. CPB was recognized as an
independent cause of acute renal failure.
Performing CABG without CPB can prevent renal
function affection by avoiding non-pulsatile flow,
interactions ~ between  the inflammatory,
coagulation, and fibrinolytic cascades. This could
cause a positive impact, particularly in high-risk
patientsl2!],

More recently, CORONARY multicenter study
showed a significant reduction in the incidence of
acute kidney injury in the OPCAB population.!3lin
most of the reviewed studies, including ours, renal
function is better preserved in patients undergoing
off-pump CABG than those undergoing on-pump
CABG. Today, despite the appearance of
techniques related to anesthesia and CPB, the
incidence of postoperative kidney injury varies
from 2.5% to 31% and is still associated with an
overall mortality rate of 67%I"1]

This study indicates that avoidance of CPB by
using current off-pump techniques significantly
reduces the risk for postoperative kidney injury
after CABG. Also, it is notable that, in this study,
there is a higher percentage of candidates who
developed postoperative renal  dysfunction
requiring dialysis postoperatively than in the other
different studies, especially in the pump group, but
this is expected as the small number of patients in
our study. The inclusion criteria for all patients
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were patients with preoperative renal impairment
[serum creatinine 1.6-2.5 mg/dl], but so many of
these studies included patients with normal kidney
functions preoperatively and measured the
affection beyond normal renal function.

Study limitations: The most important
limitations in this study is the small number of
patients. Lack of randomization also subjected it to
selection bias. Limiting the study to a limited period
of early postoperative time did not allow us to
reach a meaningful conclusion of the benefits of
the off-pump over on-pump technique.
Socioeconomic obstacles precluded performing
more accurate patient assessment regarding graft
patency and perfusion studies, which can add a lot
of important data in the follow-up period.

Conclusion: Many patients with ischemic heart
disease and marked left ventricular dysfunction
and impaired kidney function, and so many
surgeons try to find the perfect technique for
revascularization of this high-risk group. General
Measures to prevent kidney injury after Cardiac
Surgery should be utilized in patients with special
attention to those with preoperative impaired
kidney function. Renal function is better preserved
in patients who underwent off-pump CABG than
those undergoing on-pump CABG.CPB was found
to have a higher risk for PRD, and this injury is
associated further with complications and
mortality. Based on previous data, off-pump CABG
can be recommended as a safe option in patients
with impaired renal functions and marked left
ventricular dysfunction with better results than on-
pump CABG regarding postoperative renal
impairment.

Financial and Non-Financial Relationships
and Activities of Interest: None

Study registration and ethical aspects: Al-
Azhar University Research Centre Ethical
Committee approved the study; informed consent
was obtained from each patient before
participation in the study after a full explanation of
the study protocol

982

IJMA 2021; 3[1]: 976-983
REFERENCES

. Herbison P, Wong CK. Has the difference in mortality

between percutaneous coronary intervention and
coronary artery bypass grafting in people with heart
disease and diabetes changed over the years? A
systematic review and meta-regression. BMJ Open.
2015 Dec 30;5[12]:010055. doi: 10.1136/bmjopen-
2015-010055.

. Hougardy JM, Revercez P, Pourcelet A, Oumeiri BE,

Racapé J, Le Moine A, Vanden Eynden F, De
Backer D. Chronic kidney disease as major
determinant of the renal risk related to on-pump
cardiac surgery: a single-center cohort study. Acta
Chir  Belg. 2016;116  [4]: 217-224.  doi
10.1080/00015458. 2016. 1156929.

. Lemma MG, Coscioni E, Tritto FP, Centofanti P,

Fondacone C, Salica A, et al. On-pump versus off-
pump coronary artery bypass surgery in high-risk
patients: operative results of a prospective
randomized trial [on-off study]. J Thorac Cardiovasc
Surg.  2012; 143  [3]}  625-31.  doi
10.1016/j.jtcvs.2011.11.011.

. Raja SG, Dreyfus GD. Off-pump coronary artery bypass

surgery: To do or not to do? Current best available
evidence. J. Cardio-thorac Vasc Anesth. 2004; 18[4]:
486-505. doi10.1053/ j.jvca.2004.05.010.

. Najafi M, Goodarzynejad H, Karimi A, Ghiasi A,

Soltaninia H, Marzban M, et al. Is pre-operative
serum creatinine a reliable indicator of outcome in
patients undergoing coronary artery bypass surgery?
J Thorac Cardiovasc Surg. 2009 Feb;137[2]:304-8.
doi: 10.1016/ j.jtcvs.2008.08.001.

. Ueki C, Miyata H, Motomura N, Sakaguchi G, Akimoto

T, Takamoto S. Off-pump versus on-pumpcoronary
artery bypass grafting in patients with left ventricular
dysfunction. J Thorac Cardiovasc Surg. 20165151 [4]:
1092-1098. doi:10.1016/}.jtcvs.2015.11.023.

. Elmahrouk AF, Hamouda TE, Kasab I, Ismail MF,

Jamjoom AA. Short term outcome of conventional
versus off-pump coronary artery bypass grafting for-
high risk patients. J Egypt Soc Cardiothorac Surg.
2018; 26 [1]: 57-63. doi: 1016/ j.gesct.2017.10.003.

. Mahmoud AF, Adel M, Ali HF, Alkady H. Does the off-

pump coronary artery bypass grafting affect the
outcome in ischemic cardiomyopathy? J Egypt Soc
Cardiothoracic ~ Surg ~ 2017; 25  [1]1-7.
doi:10.1016/}.jescts. 2017.01.002

. Dalén M, Ivert T, Holzmann MJ, Sartipy U. Long-term

survival after off-pump coronary artery bypass
surgery: A Swedish nationwide study. Ann Thorac



Abdelsamad K, et al.

Surg. 2013; 96 [6]: 2054 - 2060. doi:10.1016/
athoracsur. 2013.07.014

10.Li S, Gong W, Qi Q, Yuan Z, Chen A, Liu J, et al.
Outcomes of off-pump versus on-pump coronary
artery bypass graft surgery in patients with severely
dilated left ventricle. Ann Transl Med. 2016; 4[18]:
340. doi: 10.21037/ atm. 2016. 08.49.

11. 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. Ann Thorac Surg. 2013; 96 [1]:
doi:10.1016/ j.athoracsur.2013.03.098.

12. Shroyer AL, Grover FL, Hattler B, Collins JF,
McDonald GO, Kozora E, et al.; Veterans Affairs
Randomized On/Off Bypass [ROOBY] Study
Group. On-pump versus off-pump coronary-artery
bypass surgery. N Engl J Med. 2009 Nov
5;361[19]:1827-37. doi: 10.1056/ NEJM0a0902905.

13. Lamy A, Devereaux PJ, Prabhakaran D, Taggart DP,
Hu S, Paolasso E, et al; CORONARY
Investigators. Effects of off-pump and on-pump
coronary-artery bypass grafting at 1 year. N Engl J
Med. 2013; 368 [13]:1179-88. doi: 10.1056/ NEJMoa
1301228,

14. Chawla LS, Zhao Y, Lough FC, Schroeder E, Seneff
MG, Brenna JM. Off-pump versus on-pump coronary
artery bypass grafting outcomes stratified by
preoperative renal function. J Am Soc Nephrol. 2012;
23 [8]: 1389 - 1397. doi:10.11681/ASN.2012020122.

15. Puskas JD, Williams WH, Duke PG, Staples JR, Glas
KE, Marshall JJ, et al. Off-pump 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 off-pump versus conventional
coronary artery bypass grafting. J Thorac Cardiovasc
Surg.  2003;125[4]:797-808.d0i:10.1067/mtc.2003.
324.

983

IJMA 2021; 3[1]: 976-983

16. Dewey TM, Herbert MA, Prince SL, Magee MJ,
Edgerton JR, Trachiotis G, Alexander EP, Mack
MJ. Avoidance of Cardiopulmonary Bypass Improves
Early Survival in Multivessel Coronary Artery Bypass
Patients with Poor Ventricular Function. Heart Surg
Forum. 2004 Jan 1;7[1]:45-50. PMID: 14980851.

17. Paone G, Likosky DS, Brewer R, Theurer PF, Bell GF,
Cogan CM, Prager RL; Membership of the
Michigan Society of Thoracic and Cardiovascular
Surgeons. Transfusion of 1 and 2 units of red blood
cells is associated with increased morbidity and
mortality. Ann Thorac Surg. 2014;97[1]:87-93. doi:
10.1016/j.athoracsur. 2013.07. 020.

18. Bhaskar B, Dulhunty J, Mullany DV, Fraser JF. Impact
of blood product transfusion on short and long-term
survival after cardiac surgery: more evidence. Ann
Thorac Surg. 2012; 94[2]:460-467. doi:10.1016/,.
athoracsur. 2012.04.005.

19. Vakil K, Florea V, Koene R, Kealhofer JV, Anand |,
Adabag S. Effect of Coronary Artery Bypass Grafting
on Left Ventricular Ejection Fraction in Men Eligible
for Implantable Cardioverter-Defibrillator. Am J
Cardiol. 2016 Mar 15117 [6]. 957-60. doi:
10.1016/j.amjcard.2015.12.029.

20. Arslan U, Calik E, Tekin Al, Erkut B. Off-pump versus
on-pump complete coronary artery bypass grafting:
Comparison of the effects on the renal damage in
patients with renal dysfunction. Medicine 2018; 97
[35]: €12146. doi: 10.1097/MD. 0000000000012146.

21. Hlavicka J, Straka Z, Jelinek S, Budera P, Vanek T,
Maly M, Widimsky P. Off-pump versus on-pump
coronary artery bypass grafting surgery in high-risk
patients: PRAGUE-6 trial at 30 days and 1 year.
Biomed Pap Med Fac Univ Palacky Olomouc Czech
Repub. 2016 Jun;160[2]:263-70. doi: 10.5507/bp.
2015.





https://ijma.journals.ekb.eg/

