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Off-pump versus on-pump complete coronary
artery bypass grafting
Comparison of the effects on the renal damage in patients with
renal dysfunction
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Abstract
Background:We aimed to compare off-pump technique with on-pump technique on renal function in patients with nondialysis-
dependent renal dysfunction who underwent coronary artery bypass grafting.

Methods: The 94 patients with renal dysfunction undergoing isolated coronary artery bypass grafting were retrospectively
analyzed. No patient was receiving dialysis. Patients were randomly assigned to conventional revascularization with cardiopulmonary
bypass and beating heart. Both groups were compared in terms of renal dysfunction parameters and dialysis requirement. The
logistic regression models were constructed to identify risk factors associated with dialysis requirement.

Results:Renal dysfunction requiring dialysis developed in 9 patients in the on-pump group. The measures analysis of variance was
performed on the data that showed worsening of renal function in the on-pump group compared with the off-pump group.
Cardiopulmonary bypass is significant as independent predictor for the development of postoperative dialysis.

Conclusion: These results suggest that off-pump coronary revascularization offers a superior renal protection and has a
significantly lower risk for renal complications in patients with nondialysis-dependent renal dysfunction when compared with
conventional coronary revascularization with cardiopulmonary bypass.

Abbreviations: BUN = blood urea nitrogen, CABG = coronary artery bypass grafting, CIs = confidence intervals, CPB =
cardiopulmonary bypass, GFR = glomerular filtration rate, IABP = intra-aortic balloon pump, ICU = intensive care unit, MDRD =
modification of diet in renal disease, NAG = N-acetyl-glucosaminidase, ORs = odds ratios, SD = standard deviation.

Keywords: coronary artery bypass grafting, on- and off-pump coronary revascularization, renal insufficiency, requiring dialysis,
surgical complications
1. Introduction

Despite improvements in surgical techniques, postoperative renal
dysfunction remains a serious complication of coronary
revascularization surgery and is associated with significant
increases in morbidity and mortality dialysis-dependent or not.
Acute renal failure requiring dialysis develops in 2% to 7% of
cardiac surgery patients.[1–3] Although the cause of this renal
failure is multifactorial and depends on the patient’s clinical
status, cardiopulmonary bypass (CPB)-related events, hypoten-
sion, renal hypoperfusion, hypothermia, microemboli events in
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the renal vasculature, nonpulsatile flow, hemolysis, stimulation
of the inflammatory response, and increased levels of circulating
catecholamines, cytokines, and free hemoglobin may contribute
significantly to this condition.[4,5] Furthermore, the use of aortic
cross-clamping and cardioplegic arrest can result in myocardial
dysfunction that may lead to renal perfusion defects and
subsequent renal impairment.[6,7] However, the explicit contri-
bution of these factors remains unclear andmust be fully clarified.
Off-pump coronary revascularization removes the nonphysio-

logic condition associated with CPB. Because off-pump coronary
revascularization eliminates the use of CPB and cardioplegia, the
CPB- and cardioplegia-associated morbidity and mortality risks
are significantly reduced compared to those of patients
undergoing conventional on-pump coronary revascularization.
Recently, the benefits of off-pump coronary revascularization
have been established, and several studies have revealed that off-
pump coronary revascularization results in better outcomes for
patients with renal dysfunction than conventional, on-pump
coronary revascularization.[8–10] However, studies conducted
previously in this field have provided conflicting evidence to
support this hypothesis, and the data on this topic remain
contradictory.[5,11–14]

The randomized study discussed in this study assessed the
impact of the off-pump coronary revascularization technique on
the incidence and severity of renal dysfunction according to the
on-pump coronary revascularization technique in patients with
preoperative nondialysis-dependent renal insufficiency. The renal
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functions were defined according to the levels of serum blood
urea nitrogen (BUN), creatinine, creatinine clearance, and the
glomerular filtration rate called glomerular filtration markers.
Several independent risk factors associatedwith requiring dialysis
were also identified.
2. Materials and methods

This study was designed to compare the effect of off- and on-
pump coronary artery bypass grafting (CABG) techniques on
renal function in patients with nondialysis-dependent renal
insufficiency. This retrospective study utilizes data from 94
consecutive patients with preoperative, nondialysis-dependent
renal insufficiency who underwent primary, isolated, non-
emergent coronary surgery between May 2014 and June 2015.
The patients were divided into 2 groups, the on-pump group (n=
48; cardioplegic arrest and CPB) and the off-pump group (n=46;
beating heart surgery). In both groups, complete coronary
revascularization was attempted.
The preoperative demographics, operative variables, operative

morbidity and mortality, short-term survival, cardiac-related
events, postoperative data, and postoperative renal parameters,
requiring dialysis were compared between the 2 groups. The
preoperative data and values indicating the preoperative renal
dysfunction are shown in Table 1. Several factors considered
good indicators of postoperative renal complications were
evaluated, including postoperative BUN, creatinine, clearance
of creatinine, and the glomerular filtration rate (GFR) levels. In
addition to comparing the renal dysfunction and dialysis
requirements associated with these parameters, the risk factors
associated with needing dialysis were determined by logistic
regression analysis.
In this study, data were collected from patients’ case notes in

the Medical Records Office and recorded by clinical cardiologies
and cardiac surgeons. This study was approved by the Erzurum
Regional Training and Research Hospital Ethics Committee. The
local institutional review board approved this work and an
informed consent form was signed by the patients. The study is in
accordance with the declaration of Helsinki.
2.1. Data definition

The BUN (10–50mg/dL) is an indication of renal kidney health.
BUN levels of >50mg/dL without requiring dialysis were
considered renal dysfunction. The reference ranges of serum
creatinine in the laboratory were 0.4 to 1.1mg/dL. Creatinine
levels of>1.5mg/dL or at least a 20% increase without requiring
dialysis was considered renal dysfunction. Creatinine clearance
was calculated using the Cockcroft and Gault formula: ([140age]
� kg/serum creatinine [mg/dL] � 72). The reference ranges of
serum creatinine clearance in the laboratory were 80 to 120mL/
min 1/1.48m2. Creatinine clearance �60mL/dk/1.73m2 without
requiring dialysis was considered renal dysfunction. The GFR
was measured using the modification of diet in renal disease
(MDRD) equation (mL/min/1.73m2). GFR is divided into 5
stages: ≥90 (stage I), 60 to 89 (stage II), 30 to 59 (stage III), 15 to
29 (stage IV), and at least 15 (stageV). Generally, decreases of
50% or more in the GFR were considered renal dysfunction.
These parameters were measured postoperatively at day 7 and
confirmed by at least 2 measurements.
Nondialysis renal dysfunction: BUN levels between 30 and 60

mg/dL; stage I GFR; creatinine levels between 1.3 and 1.7mg/dL
and creatinine clearance levels between 40 and 70mL/min.
2

Requiring dialysis: Acute renal dysfunction was classified on
the basis of RIFLE (Risk, injury, failure, loss, end-stage renal
disease) criteria.[14–16] Postoperative dialysis was indicated if they
had diuretics-resistant oliguria associated with volume overload
or hyperkalemia. Postoperative renal failure was defined as either
requiring hemodialysis to support renal function, an increase in
serum creatinine >1.5mg/dL postoperatively, or an occurrence
of oliguria (<0.5mL/kg/h) for more than 6 hours.
For our patients, the end point for renal disease is dialysis or

death in the follow-up period. After the patient datawere collected
and compared, the patients were removed from follow-up.
Postoperatively, all patients were admitted to the intensive care

unit (ICU) and received standardized treatment. Crystalloid fluids
and inotropes were administered in the case of lower mean
arterial pressure according to the specific clinical situation. In the
absence of hemorrhage, unfractioned heparin was started
according to the height of the patient (1.5mg/kg/24h), and on
the second postoperative day, 300mg of aspirin was given to all
patients. In-hospital and postdischarge outcomes were collected
from medical records and telephone interviews. These data were
completed for all patients until their discharge from the hospital
or their death.
2.2. Exclusion criteria

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 24hours 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 (≥2.5mg/dL), emergency surgery or reoperation,
respiratory impairment, and coagulopathy not included in the
study. All patients in both groups received 600mg of N-
acetylcysteine orally once daily immediately before revasculari-
zation and for the first 5 postoperative days. None of the patients
received aminoglycosides or nonsteroidal anti-inflammatory
agents perioperatively.
2.3. Surgical techniques

All patients underwent surgical revascularization through a
median sternotomy. The arterial conduit (internal mammalian
artery) was harvested with the pedicle preparation technique
using surgical electrocautery for the left anterior descending
artery anastomosis. Saphenous vein grafts were harvested with
the open method using fine scissors, and these vessels were used
for other coronary anastomoses. A deep posterior pericardiot-
omy was carried out to allow for rigorous exposure of the heart
without hemodynamic compromise. In both groups, a minimal
dose of catecholamines was used to maintain a cardiac index of
>2.0L/min/m2 and systolic blood pressure of >80 mm Hg after
surgery. Intravenous diltiazem and nitroglycerin were adminis-
tered routinely in the ICU.
2.4. Conventional CABG

Before CPB was initiated, heparin sodiumwas administered at an
initial dose of 300IU/kg. CPB was instituted by using ascending
aortic cannulation and a 2-stage venous cannulation in the right
atrium. The aorta was cross-clamped, and myocardial protection
was achieved with intermittent antegrade and retrograde blood



Table 1

Preoperative patient characteristics among groups.

Variables Off-pump
(n=46)

On-pump
(n=48)

P-value

Median age 49±3.1 51±2.5 .760
Sex .880
Male 24 (52.1%) 25 (52%)
Female 22 (47.9%) 23 (48%)

BMI, kg/m2 29.5±3.8 30.2±3.1 .207
Hypercholesterolemia 28 (60.8%) 30 (62.5%) .421
DM 33 (71.7%) 35 (72.9%) .528
CVD 2 (4.3%) 1 (2%) .442
COPD 18 (39.1%) 20 (41.6%) .338
Smoking 121 (65%) 118 (65.5%) .289
Hypertension 34 (73.9%) 33 (68.8%) <.05
PAD 9 (19.5%) 11 (22.9%) .190
Left main disease 9 11 .189
Three vessel disease 19 21 .237
Two vessels disease 18 16 .304
Hematocrit 44±2 45±3 .777
NYHA 3.3±0.45 3.2±0.6 .589
Preop AF 2 (4.3%) 2 (4.1%)
Preoperative IABP 4 (8.7%) 5 (10.4%) .144
History of MI 37 (80.4%) 39 (81.2%) .250
LVEF
0.30–0.40 16 14 .870
40–50 14 18 .777
>0.50 16 16 .651

Renal dysfunction not requiring dialysis
BUN levels, mg/dL 45±12 (range: 30–59) 48±10 (range: 35–61) .399
Creatinine levels, mg/dL 1.5±0.2 (range: 1.3–1.7) 1.5±0.3 (range: 1.3–1.6) .557
CCL, mL/min 59±7 (range: 41–72) 61±8 (range: 40–75) .902
Median GFR (Stage I) 77±12 (range: 52–89) 76±13 (range: 51–90) .766
Use of diuretics 9 (19.5%) 10 (20.8%) .221

AF= atrial fibrillation, BMI=body mass index, BUN=blood urea nitrogen, CCL= creatinine clearance, COPD= chronic obstructive pulmonary disease, CVD= cerebro-vascular disease, DM=diabetes mellitus,
GFR=glomerular filtration rate, IABP= intra-aortic balloon pump, LVEF= left ventricular ejection fraction, MI=myocard infarction, NYHA=New York Heart Association, PAD=peripheral arterial disease, UAP=
unstable angina pectoris.
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cardioplegia (Custodiol, Alsbach-Hahnlein, Germany). Mean
arterial pressure was maintained between 50 and 70 mmHg. The
nonpulsatile flow was used. The systemic temperature was
maintained between 30°C and 34°C. Once all distal anastomoses
were completed, the aortic cross-clamp was removed, and the
proximal anastomosis was performed with partial clamping.
After the patient was weaned from CPB and decannulated, the
heparin was completely neutralized using protamine (1/1.5 rate;
Valeant, Eschborn, Germany).
2.5. Off-pump beating-heart technique

After mediastinal entry, deep pericardial sutures were placed to
lift the myocardial apex and facilitate exposure to the posterior
and lateral aspects of the myocardium for beating-heart
technique surgery. Stabilization during distal anastomosis was
performed using the Octopus stabilizing system (Medtronic Inc,
Minneapolis, MN). These patients received heparin sodium (150
IU/kg) before the anastomosis, and the elite-activated clotting
time was maintained at more than 300seconds. The distal
anastomoses were constructed before the proximal anastomoses.
The left anterior descending artery was revascularized first with
the internal mammalian artery, followed by the circumflex and
right coronary arteries. Systolic arterial pressures were main-
tained at a minimum of 70 mm Hg during distal anastomoses
using venous volume regulation, rate control, inotropic agents, or
vasoconstrictors. After each distal anastomoses, perfusion was
3

maintained with warm blood through the pump by using
anastomosed saphenous veins, then the proximal anastomoses
were performed.
2.6. Statistical analysis

The values of continuous variables are expressed as mean±
standard deviation (SD). The Student t test andMann–WhitneyU
test were used to analyze these continuous variables. The
categorical or dichotomous data were presented in percentages
(%) and compared using the Chi-squared method or Fisher exact
test, and P-values of .05 or fewer were considered significant.
Univariate logistic regression analysis was performed to identify

significant predictors associated with preoperative factors. Multi-
variable logistic regression analysis was used to identify indepen-
dent risk factors related to requiring dialysis. The results of the
logistic regression analysis were presented as odds ratio (OR) and
95% confidence intervals (CIs). Statistically significant differences
werenoted for each analysis,with statistical significance basedona
P-value of <.05. Statistical analysis was performed using SPSS
version 11.5J (SPSS, Inc, Chicago, IL).
3. Results

The study included 49 men and 45 women. The mean age was
49±3.1 years for the off-pump group and 51±2.5 years for the
on-pump group. The pre- and intraoperative demographics
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Table 2

Operative data.

Data Off-pump
(n=46)

On-pump
(n=48)

P-value

XCL time, min 0 56±12 .001
CPB time, min 0 73±13 .001
Operating time, h 3.6±1.2 5.1±1.4 .012
Number of distal anastomosis 3.0±0.3 3.1±0.4 .409
LAD by pass 46 48 .307
Diagonal branches 18 15 .855
Cx by pass 13 12 .652
RCA by pass 14 16 .318
Complete revascularization 45 (97.8%) 48 (100%) .212
Coronary endarterectomy 7 (15.2%) 8 (16.6%) .327
Cumulative regional ischemic times, min 6.1±4.2 7.2±3.3 .844
Postoperative IABP 3 (6.5%) 4 (8.3%) .307
IMA usage 44 (95.6%) 46 (95.8%) .855
Sequential graft 2 (4.3%) 3 (6.2%) .652
Use of inotropes 11 (23.9%) 10 (20.8%) .318
Use of trinitrate 7 (15.2%) 9 (18.7%) .402
Hemodynamic data
Mean BP, mm Hg 48±9 51±11 .112
Mean heart rate, min 53±13 0 (cross clamping) .0001

BP=blood pressure, CPB= cardiopulmonary bypass, Cx= circumflex artery, IABP= intra-aortic
balloon pump, IMA= internal mammalian artery, LAD= left anterior descending artery, RCA= right
coronary artery, XCL= cross clamping.

Table 3

Renal functions in the postoperative term.

Parameters associated
with renal dysfunctions

Off-pump
(n=46)

On-pump
(n=48) P-value

BUN levels, mg/dL 51±18
(range: 35–72)

66±19
(range: 42–88)

.004

Creatinine levels, mg/dL 1.6±0.4
(range: 1.4–2.0)

1.9±0.4
(range: 1.7–2.4)

.007

CCL, mL/dk/1.73m2 55±9
(range: 40–65)

35±8
(range: 22–52)

.001

Median GFR 75±11
(range: 50–88)

52±15
(range; 35–67)

.003

Requiring dialysis 1 (2.17%) 9 (18.75%) .0001

BUN=blood urea nitrogen, CCL= creatinine clearance, GFR=glomerular filtration rate.
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characteristics of the 46 patients in the off-pump group and the
48 patients in the on-pump group are shown in Tables 1 and 2,
respectively. There was no statistical difference between the
groups in terms of preoperative and operative data. Conversion
from off- to on-pump did not occur for any patients. All patients
had uneventful operations and postoperative stays.
Five patients in the on-pump group and 4 in the off-pump

group were unstable, in-hospital patients treated with inotropic
treatments and intra-aortic balloon pumps (IABPs). The severity
of the coronary heart disease did not differ between both cohorts,
as indicated by similar rates of left main, 2- and 3-vessel diseases.
There was no statistically significant difference in the index of
revascularization completeness (Table 1). No significant differ-
ences were found in preoperative furosemide usage and the total
requirement of intravenous catecholamines and trinitrates during
the first 48hours after surgery (Tables 1 and 2). The cross-clamp
time in the on-pump groupwas 56±12minutes and the perfusion
time was 73±13minutes (P= .001). The operation time was
shorter in the off-pump group than the on-pump group (Table 2).
This difference was statistically significant (P= .012).
Postoperative data showed that impaired renal function

parameters were fewer in the off-pump group. The increases in
the postoperative creatinine and BUN levels compared to the
preoperative values were markedly higher in the on-pump group
(P= .004 and P= .007). The decreases in the GFR and the
creatinine clearance levels were higher in the on-pump group
compared with the off-pump group (P= .001, P= .003) at
postoperative day 7 (Table 3). Nine patients in the on-pump
group required dialysis, whereas only 1 patient in the off-pump
group required dialysis (P= .0001). Consequently, renal dys-
function was higher in the on-pump group than in the off-pump
group after CABG surgery.
By using stepwise logistic regression analysis, 12 variables were

identified as independent predictors of postoperative requiring
dialysis, and are presented in Table 4. The use of CPB and
4

increasing age were a significant factor on the univariate logistic
regression analysis (OR: 1.01, 95%CI: 0.65–2.11, P= .0001 and
OR: 0.51, 95% CI: 0.55–0.91, P= .012, respectively). Besides,
operating time (OR: 0.52, 95% CI: 0.48–0.90, P= .018),
hypertension (OR: 2.52, 95% CI: 1.26–5.18, P= .008), diabetes
(OR: 0.90, 95% CI: 0.75–0.99, P= .001), smoking (OR: 1.99,
95%CI: 1.02–3.18, P= .022), multiple vessels disease (OR: 0.78,
95% CI: 0.51–0.80, P= .033), preoperative IABP (OR: 5.9, 95%
CI: 4.66–12.01, P= .011), preoperative left ventricle ejection
fraction (LVEF)< 40 (OR: 4.66, 95% CI: 2.01–9.62, P= .002),
preoperative increased creatinine and BUN levels (OR: 0.75,
95% CI: 0.56–0.88, P= .0001), preoperative deceased creatinine
clearance and GFR levels (OR: 0.61, 95% CI: 0.43–0.93,
P= .0001), and having had a previous myocardial infarction
(OR: 0.31, 95% CI: 0.05–0.48, P= .055) also showed a
significant association with requiring dialysis.
A multivariate ordered logistic regression analysis (with

propensity adjustment) was performed to compare the occur-
rence of requiring dialysis between patients having on-pump and
patients having off-pump. The most significant contributor
toward the occurrence of postoperative dialysis was the use of
CPB with OR: 0.51, 95% CI: 0.33–1.01, P= .0001. Besides,
diabetes mellitus and hypertension (OR: 1.10, 95% CI: 0.66–
1.49, P= .001) and (OR: 2.52, 95% CI: 1.51–4.90, P= .008,
respectively) significantly increased the risk of requiring dialysis.
Other independent predictors of postoperative dialysis were
ejection fraction <40%, multiple vessels disease, the excess of
preoperative creatinine and BUN levels, the lack of preoperative
of creatinine clearance and GFR rates, and age >70 were
determined to be among other risk factors. These variables are
summarized in Table 5, with their regression coefficient, adjusted
OR, and P-values.
The postoperative clinical data are given in Table 6. There was

no significant difference between the 2 groups. Patients in the on-
pump group showed a higher blood transfusion requirement. In
the off-pump group, postoperative bleeding >1000mL, surgical
revision for bleeding, chest tube drainage, and blood transfusion
amounts were less than the on-pump group. This difference was
statistically significant (Table 6). Nosocomial infection and
multiple organ dysfunctions were more frequently observed in
the on-pump group (P= .037 and P= .031). The incidence of in-
hospital mortality for off-pump patients was 4.3%, compared to
12.5% for on-pump patients (P= .003). The mean follow-up
ranged from 6 to 24 months. No significant difference in long-
term survival at 2 years was noted between the 2 groups of
survivors.
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Table 4

Results of univariate logistic regression analysis for risk factors
associated with requiring dialysis.

Odds ratio 95% CI P-value

Age > 70 0.51 0.55–0.91 .012
Sex 4.66 2.01–9.62 .521
Male
Female

Median weight, kg 0.8 0.66–1.19 .075
Cardiopulmonary bypass usage 1.01 0.65–2.11 .0001
Operating time, h 0.52 0.48–0.90 .018
Cumulative regional ischemic times, min 0.11 0.08–2.13 .520
Complete revascularization 0.41 0.35–0.60 .075
Coronary endarterectomy 0.37 0.22–0.72 .102
COPD 2.7 2.3–3.1 .902
Multiple vessels disease 0.78 0.51–0.80 .033
Smoking 1.99 1.02–3.18 .022
PAD 1.19 1.01–1.33 .521
History of MI 0.31 0.05–0.48 .055
Hematocrit 3.79 2.41–6.88 .101
Preoperative ACE inhibitors 0.49 0.22–4.16 .209
Preoperative LVEF < 40 4.66 2.01–9.62 .002
Diabetes mellitus 0.90 0.75–0.99 .001
Hypertension 2.52 1.26–5.18 .008
Use of diuretics 0.77 0.81–2.80 .870
Preoperative increased Cr and BUN levels 0.75 0.56–0.88 .0001
Preoperative decreased CrCL and GFR levels 0.61 0.43–0.93 .0001
Preoperative IABP 5.9 4.66–12.01 .011

ACE= angiotensin converting enzyme, BP=blood pressure, CCL= creatinine clearance, CI= cardiac
index, COPD = chronic obstructive pulmonary disease, CPB= cardiopulmonary bypass, CVP= central
venous pressure, GFR=glomerular filtration rate, IABP= intra-aortic balloon pump, ICU= intensive
care unit, LVEF= left ventricular ejection fraction, PAD=peripheral arterial disease, PAP=pulmonary
artery pressure.

Table 6

Clinical results after cardiac surgery.

Off-pump
(n=46)

On-pump
(n=48) P-value

Early results
Extubation time, h 4.1±2.1 3.1±2.3 .701
Surgical revision for bleeding 2 (4.3%) 9 (18.7%) .01
Postoperative bleeding > 1000 mL 7 (15.2%) 18 (37.5%) .011
Blood transfusion (unite/patients) 0.87±0.66 1.22±0.77 .037
Chest tube drainage, mL/d 310±125 588±140 .022
Operative mortality (first 24 h) 0 (0%) 0 (0%) –

Postop MI 0 (0%) 0 (0%) –

Postop term LCOS 2 (4.3%) 1 (2.08%) .902
Postop term IABP 4 (8.7%) 5 (10.4%) .751
Postop term AF 3 (6.5%) 4 (8.3%) .666
Stroke 0 (0%) 0 (0%) –

Prolonged intubation 3 (6.5%) 3 (6.2%) .282
Duration of inotropic support (days) 7.2±4.3 3.1±4.1 .188

Late results
Cardiac arrhythmia 4 (8.7%) 3 (6.2%) .247
Postop EF

>50 34 (73.9%) 37 (77.1%) .225
<50 12 (26%) 11 (22.9%) .578
Sternal infection 1 (2.2%) 1 (2.1%) .689
Nosocomial infection 1 (2.2%) 4 (8.3%) .037
Multiple organ dysfunction 0 (0%) 2 (4.2%) .031
Neurologic dysfunction 0 (0%) 1 (2.1%) .677
Hepatic dysfunction 2 (4.3%) 3 (6.2%) .566
Pulmonary dysfunction 1 (2.2%) 3 (6.2%) .509
Urinary tract infection 2 (4.3%) 2 (4.2%) .902
Pneumonia 4 (8.7%) 6 (12.5%) .098
Hospital Death 2 (4.3%) 6 (12.5%) .003
ICU stay 2.5±1.2 5.1±1.1 .006
Hospital stay 7.1±1.2 14.4±3.4 .008
Charges

>5000 Dollar 7 (15.2%) 28 (58.3%) .001
<5000 Dollar 39 (84.7%) 20 (41.6%) .001

AF= atrial fibrillation, EF= ejection fraction, IABP= intra-aortic balloon pump, ICU= intensive care
unit, LCOS= low cardiac output syndrome, MI=myocard infarction.
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There was an important difference between the groups in terms
of their ICU duration and the length of their hospital stay.
Patients in the on-pump group had a significantly longer ICU and
total hospital stay compared with those in the off-pump group
(P= .005 and P= .006). Because the ICU and hospital stays were
longer and the postoperative bleeding, surgical revision, and
nosocomial infections were less in off-pump patients compared
with on-pump patients, the hospital costs were significantly lower
for off-pump patients (P= .001) (Table 6).
4. Discussion

Renal dysfunction is a well-recognized complication following
CABG and has been associated with increased morbidity,
Table 5

Multivariate logistic regression analysis for risk factors associated
with requiring dialysis.

Odds ratio 95% CI P-value

Age > 70 0.77 0.61–0.95 .001
Cardiopulmonary bypass 0.51 0.33–1.01 .0001
Preoperative LVEF < 40 4.11 2.99–8.88 .002
Diabetes mellitus 1.10 0.66–1.49 .001
Hypertension 2.52 1.51–4.90 .008
Multiple vessels disease 0.88 0.65–0.99 .025
Preoperative increased Cr and BUN levels 0.58 0.44–0.71 .001
Preoperative deceased CrCL and GFR levels 0.62 0.53–0.81 .001

BUN=blood urea nitrogen, Cr= creatinine, CrCL= creatinine clearance, GFR=glomerular filtration
rate, LVEF= left ventricle ejection fraction.

5

mortality, ICU stay, and hospital fees, particularly. A
significant proportion of conventional patients with CABG had a
degree of renal dysfunction develop postoperatively.[15–17]

Preoperative renal dysfunction is a predictor of renal failure in
patients undergoing conventional CABG. Coronary revasculari-
zation without CPB minimizes renal injury in patients with
normal preoperative renal function who undergo elective
procedures, but the effect of coronary revascularization without
CPB in patients with preoperative nondialysis-dependent renal
insufficiency is still controversial. Many studies indicate that
patients with preoperative nondialysis-dependent renal dysfunc-
tion show a further deterioration in renal function leading to
postoperative renal injury.[18–20] This study compared the effects
of on-pump and off-pump coronary surgeries with respect to
renal function in patients with impaired renal function without
indications for dialysis. Several authors have used parameters
related to the display of renal tubular damage, such as creatinine
clearance, fractional excretion of sodium, microalbuminuria, free
hemoglobin, free water clearance, and N-acetyl-glucosaminidase
activity in patients undergoing off-pump as compared with
conventional patients with CABG.[7,12] In this study, serum
creatinine, BUN, serum creatinine clearance, andGFR levels were
evaluated in terms of impairment in renal function criteria and
dialysis indications in both groups. The findings suggest that the
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off-pump technique is more renoprotective in patients with
nondialysis-dependent renal insufficiency.
The potential reduction of renal risk and its association with

morbidity and mortality may play a significant role in choosing
an operative technique. The on-pump and off-pump techniques
after cardiac surgery were compared in terms of renal damage
creation over the years, and morbidity and mortality rates were
examined.[12,21–23] Although some research indicates that off-
pump surgery may minimize renal injury in elective patients with
normal and impaired preoperative renal function and in high-risk
patients,[10,12,22,24,25] other studies have failed to show such
benefits.[11,26–28] Meta-analysis of the literature has shown that
off-pump surgery may result in improved short-term and mid-
term outcomes, and that glomerular filtration was significantly
worse in on-pump surgery compared with off-pump surgery.
The causes of renal dysfunction after a cardiac operation are

multifactorial and usually attributed to several factors, such as
the use of CPB, perioperative cardiovascular compromise, or
toxic insults to the kidneys.[28,29] Free plasma hemoglobin,
elastase, endothelin, and free radicals including superoxide,
hydrogen peroxide, and the hydroxyl radicals can be generated
during CPB and can induce injury in the renal brush-border
membrane.[29] Nonpulsatile flow, renal hypoperfusion, hypo-
thermia, and the duration of CPB are also thought to have
adverse effects on renal function.[29,30] There is no uniting
mechanism explaining renal failure associated with cardiac
surgery.[19,31–37] These effects can produce renal dysfunction,
especially in the presence of additional risk factors like pre-
existing renal dysfunction, diabetes, and hypertension.[34] The
present study confirms that avoiding CPB is beneficial even in
patients with an existing preoperative renal insufficiency
undergoing CABG.[10,17] This benefit may be due to the
avoidance of nonpulsatile flow, renal hypoperfusion, hypother-
mia, and prolonged duration of CPB. These studies showed that
off-pump surgery reduces in-hospital morbidity and the likeli-
hood of renal failure in patients with preoperative nondialysis-
dependent renal insufficiency.[10,12,22,24,25]

The off-pump technique for coronary revascularization was
popularized in the early 1990s, leading investigations about
whether avoiding CPB altogether would minimize postoperative
renal injury and/or insufficiency. Use of beating-heart surgery
techniques means maintaining pulsatile flow with no exposure to
an extracorporeal circuit; this technique entails an anticipated
reduction in the inflammatory cytokine response. The technique
also results in normothermia and a decreased requirement for
vasoconstrictor administration to maintain target mean arterial
pressures.[32,33] Off-pump CABG surgery eliminates several of
the physiologic perturbations associated with CPB that have
been implicated in the development of postoperative renal
dysfunction. Off-pump surgery may, therefore, be the preferred
technique for patients with multiple preoperative risk factors for
renal dysfunction.
The patient’s age is one of the most reported preoperative risk

factors for postoperative renal function requiring dialy-
sis.[18,19,38] The present study confirmed this finding, as an age
of 70 years or older was found to be significantly associated with
postoperative renal failure. The effect of diabetes mellitus on
postoperative renal failuremay be the result of renal parenchymal
disease, such as glomerulonephritis or glomerulosclerosis.[17]

In this study, diabetes was found to be a risk factor related to
requiring postoperative dialysis.
Off-pump surgery appears to reduce nosocomial infection,

multiorgan dysfunction, the length of ICU and hospital stays,
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hospital charges, and mortality. The incidence of respira-
tory failure and postoperative bleeding tended to be more
frequent in patients with renal dysfunction than those with
normal renal function, although no significant difference was
noted.[44] Tabata et al suggested that off-pump surgery does not
reduce blood transfusion requirements in patients with renal
dysfunction.[44] The current study also showed significantly
higher blood loss and transfusion requirements in the off-pump
group. Furthermore, these findings concur with other data.[45,46]

With regard to the clinical outcomes, the off-pump group had a
significantly shorter duration in the ICU and hospital, and the
hospital charges were less when compared with the on-pump
group. These results align with those from a previous multicenter
trial, in which early clinical outcomes were compared between
off- and on-pump CABG in a randomized fashion.[47]

Postoperative renal dysfunction in patients undergoing CABG
has been associated with high morbidity and mortality.[7,15,48,49]

Operative mortalities of conventional CABG range from 5.9% to
14.3% in patients with chronic dialysis[15,48–50] and from 7.0%
to 11.0% in patients with nondialysis-dependent renal dysfunc-
tion.[3,9,10,20] However, this study’s results agree with the findings
of Ascione research group.[39] In their study, they have clearly
proven a benefit on cardiac outcome after off-pump surgery.
Some studies have reported better outcomes; however, they are
much smaller studies.[11,40] Recent studies indicate that the
operative mortalities of off-pump surgeries range from 0% to
6.7% in patients with chronic dialysis[8,9] and 5.9% to 6.3% in
patients with nondialysis-dependent renal dysfunction.[1,10] In
the present study, the in-hospital mortality rate was 12.5% in on-
pump patients. These patients had unstable angina and severe
diffuse triple-vessel disease associated with diabetes, mediastini-
tis, peripheral vascular disease, and a low ejection fraction.
Although serum creatinine and BUN are the most widely used

assay to measure the presence and progression of kidney disease,
equations based on serum creatinine level, age, sex, and other
variables more sensitively predict changes in renal function.[15]

Recently, additional parameters, such as creatinine clearance and
GFR, were developed to assess renal function[50–52]; they are now
widely used. Loganathan et al show that there were no major
differences in any of the renal-function-associated parameters,
such as creatinine and BUN blood levels, between their off-pump
and on-pump groups.[5] The another study showed that serum
creatinine levels are a compelling parameter for monitoring renal
dysfunction after cardiac surgery[25] as agree with our study.
Postoperatively, serum creatinine and urea levels revealed a
significant increase in the on-pump CABG group compared with
the off-pump group. Furthermore, this study showed a significant
rise in serum creatinine and BUN levels at postoperative day 7 in
the on-pump group compared with the off-pump group, and
noted a statistically significant fall in GFR and creatinine
clearance in the on-pump group compared with the off-pump
group. The creatinine clearance and glomerular filtration rates
decreased more in the on-pump groups compared to the off-
pump groups. The serum creatinine and BUN levels were
significantly less in off-pump patients on postoperative day 7. In
the present study, marked decreases in the creatinine clearance
and GRF values were found soon after the operation in the on-
pump group, which agrees with the previous studies where renal
function was evaluated in patients undergoing CPB. In agreement
with previous reports,[29,53,54] this study found a marked
improvement in creatinine clearance, a reliable indicator of
glomerular filtration rate, during CPB in the on-pump group.
Nevertheless, at 24 and 48hours postoperative, the creatinine
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clearance values decreased significantly in the on-pump group,
reaching levels markedly lower than the preoperative levels.
Conversely, the off-pump group saw less of a rise in creatinine
clearance. Functional alteration of the glomerular and tubular
parts of the nephron may be evaluated further by assessing the
microalbuminuria and N-acetylglucosaminidase (NAG) activity,
respectively. More recently, urinary NAG activity has emerged as
the most widely assayed urinary enzyme for detecting renal
damage because of its stability in urine, its relative molecular
mass that precludes filtration by the glomerulus, and its high
activity presence in the tubular lysosomes. The marked increases
in the urinary albumin-to-creatinine ratio andNAG activity levels
in the present study confirm the potential deleterious effect of the
CPB on renal function. Randomized controlled trials in this area
have looked beyond serum urea, creatinine, creatinine clearance,
and GFR to more sensitive biochemical markers of renal
function.[52–54] These have been associated with decreases in
measured creatinine clearance and GFR and have occurred in
both on-pump and off-pump surgeries. This decrease was
statistically higher in on-pump patients.
In the present study, logistic regression model analysis showed

that the use of CPB is significantly associated with adverse renal
outcomes. In addition, the effects of diabetes mellitus, age >70,
hypertension, multiple vessels disease, preoperative increased
creatinine and BUN levels, preoperative decreased creatinine
clearance and GFR levels, and a preoperative left ventricle
ejection fraction <40 were independent predictors for postoper-
ative renal failure requiring dialysis. Some parameters, such as
congestive heart failure, preoperative cardiogenic shock, urgent
operations, increased body mass index, peripheral vascular
disease, intraoperative low cardiac output, high blood transfu-
sion requirements, the use of nonleft internal mammary arterial
conduits, and persistent low cardiac output states were associated
with postoperative dialysis requirements in other studies,[19,37,40]

and were confirmed by the findings of this study.
5. Conclusion

An examination of the previous literature did not reveal any
comparisons of the effects of on-pump and off-pump coronary
bypass surgery on renal function in patients with nondialysis-
dependent renal dysfunction. The present study indicates that the
off-pump technique is more renoprotective in patients with
nondialysis-dependent renal insufficiency.
The results support that off-pump coronary revascularization

leads to earlier patient improvement and provides superior renal
protection for patients with nondialysis-dependent renal dys-
function than conventional CABG does. Additionally, this
technique resulted in a shorter duration of intensive care, fewer
complications associated with surgery, and lower hospital fees.
5.1. Limitations of the study

This study is retrospective, observational, and limited to a single
institution. All data were entered into the database as a part of
patient management. One important limitation of this study is
that the researchers did not investigate late outcomes. Several
studies have revealed poor late outcomes of conventional CABG
in patients with renal dysfunction. Five-year actuarial survival
rates of dialysis patients range from 32% to 55.8%.[2,3,54]

Using the levels of serum creatinine, BUN, creatinine clearance,
and GFR as the sole markers of renal function may also be
considered a limitation. Although measuring patients’ urinary,
7

the microalbuminuria, retinal binding protein, or NAG might
give a more detailed picture of renal damage; in our work, we
could not use these parameters due to economic and technical
deficiencies.
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