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Cardiovascular disease (CVD) is a major cause for a significant proportion of all deaths 
and disability worldwide. Postoperative renal dysfunction following cardiac surgery is 
not an uncommon complication of cardiac surgery, which has serious implications with 
regard to morbidity, mortality, financial expenditure, and resource utilization. This 
study was performed to compare outcomes of patients with preoperative renal dys-
function with those having normal renal function undergoing off-pump coronary artery 
bypass grafting (OPCABG). Patients were divided into two categories, depending on 
their preoperative serum creatinine and glomerular filtration rate (GFR). The preoper-
ative renal dysfunction was defined as serum creatinine >1.3 mg/dL and/or estimated 
GFR (eGFR) of <60 mL/min/1.73 m2. The category A patients had normal renal function 
defined as serum creatinine ≤1.3 mg/dL and/or eGFR of ≥60 mL/min/1.73 m2 while 
the category B patients had preoperative renal dysfunction that did not necessitate 
renal dialysis. Blood samples were collected from both category patients for serum 
creatinine prior to surgery, following surgery, on postoperative days 1, 2, 3, 4, 5, and 
on the day of discharge. The occurrence of acute kidney injury (AKI) was defined as an 
increase in the serum creatinine levels of ≥0.3 mg/dL within 48 hours or an increase 
of ≥1.5 above baseline known or presumed to have occurred within the previous  
7 days based on Kidney Disease Improving Global Outcomes criteria. This study demon-
strated that there was worsening of renal function in 7.4% of patients with normal 
renal function and 10.74% of patients with renal dysfunction that was not statistically 
different. Based on the results, we conclude that preoperative renal dysfunction may 
be a contributing predictor of AKI following OPCABG, and we recommend that the 
patients with more severe renal dysfunction with eGFR of 45–60 mL/min should be 
studied to demonstrate this hypothesis.
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Introduction
Cardiovascular disease (CVD) is a leading cause of all deaths 
and disability worldwide. As per the report of Global Burden 
of Disease in 2017, CVD caused an estimated 17.8 million 
deaths worldwide, corresponding to 330 million years of life 
lost and another 35.6 million years lived with disability.1,2 It 
is predicted that by the year 2020, there will be an increase 
by almost 75% in global CVD prevalence, and almost all of 
this increase will occur in developing countries.3 Coronary 
artery bypass grafting (CABG) has an important role in the 
management of ischemic heart diseases. Cardiopulmonary 
bypass (CPB) with cardiac arrest (on-pump) provides a surgi-
cal field free of motion and blood, allowing safe construction 
of anastomosis. Yet, the use of CPB is associated with compli-
cations peculiar to extracorporeal circulation that may be a 
major determinant of perioperative morbidity, hospital stay, 
and costs. As a result, bypass surgery on the beating heart 
without use of extracorporeal circulation (off-pump) has 
been introduced successfully in clinical practice. Off-pump 
coronary artery bypass grafting (OPCABG) avoids serious 
complications associated with CPB such as stroke, renal dys-
function, and systemic inflammatory response syndrome. 
OPCABG avoids CPB-induced adverse effects on renal func-
tion and is proposed to be the technique of choice for CABG in 
patients with renal dysfunction. This study was conducted to 
determine the outcomes of patients with pre-existing renal 
dysfunction as compared with normal renal function under-
going OPCABG.

Methods
This study was conducted at a tertiary care heart hospital 
in a retrospective cohort study design. The ethical clearance 
was obtained prior to the study and waiver of consent was 
obtained as anonymized data were collected from medical 
records. Patients were divided into two categories, depend-
ing on the preoperative serum creatinine and glomeru-
lar filtration rate (GFR). Sample-size calculation was based 
on the incidence of acute kidney injury (AKI) reported in a 
previous article.4 All patients undergoing elective OPCABG 
were included but patients with stage 5 chronic kidney dis-
ease (CKD) undergoing dialysis and those undergoing emer-
gency surgery were excluded from the study. The patients 
who had coronary angiography within 48 hours of planned 
surgery were excluded from the study to avoid confound-
ing issues due to contrast-induced nephropathy. The cat-
egory A patients had normal renal function defined as 
serum creatinine ≤1.3 mg/dL and/or estimated GFR (eGFR) of 
≥60 mL/min/1.73 m2. The category B patients had preopera-
tive renal dysfunction, which was defined as serum creatinine  
>1.3 mg/dL and/or eGFR of <60 mL/min/1.73 m2. Serum 
creatinine values on postoperative days 1, 2, 3, 4, 5 and on 
the day of discharge were recorded from both the catego-
ries and the results analyzed for AKI based on the Kidney 
Disease Improving Global Outcomes (KDIGO) criteria as 
follows: occurrence of AKI was defined as (i) an increase in 
the serum creatinine levels of >0.3 mg/dL within 48 hours,  

(ii) an increase of >1.5 times the baseline known or presumed 
to have occurred within the previous 7 days, and (iii) urine 
output <0.5 mL/kg/h for 6 hours.

Anesthesia and Surgical Technique
After a thorough preoperative evaluation and preanesthetic 
preparation, all antianginal and antihypertensive medications 
were continued till the morning of surgery with exception of 
angiotensin converting enzyme inhibitors and angiotensin 
receptor blockers. Control of comorbid states such as diabe-
tes mellitus was ensured. Sedative premedication consisted 
of oral alprazolam the night before. Monitoring of electrocar-
diogram (ECG) with five leads with simultaneous display of 
leads II and V5 was done and automated ST segment analysis, 
pulse oximetry, and direct arterial blood pressure measure-
ment were established. After preoxygenation for 3 to 5 min-
utes, anesthesia was induced with intravenous fentanyl 3 to 
5 µg/kg, midazolam 0.05 to 0.1 mg/kg, and propofol 0.5 to 
1 mg/kg. Muscle paralysis was achieved with pancuronium 
or vecuronium at the discretion of the anesthesiologist and 
endotracheal intubation was performed. Anesthesia was 
maintained with O2+air+end tidal isoflurane of 1%. Fentanyl 
was used in a total dose of 10 to 15 µg/kg for the entire proce-
dure. The perioperative management was tailored to achieve 
early extubation and fast-tracking. Heparin in a dose of 300 
units/kg was administered prior to the grafting and repeated 
doses of 100 units/kg every hour till grafting was completed 
to maintain activated coagulation time over 300 seconds. 
Reversal of heparinization at the end of grafting was achieved 
with protamine 1 to 2 mg/kg. Hemodynamic monitoring 
included ECG, arterial pressure using invasive arterial cath-
eter, and central venous pressure. Pulmonary artery catheter 
was used in patients with poor left ventricular function, with 
ejection fraction <40%, and transesophageal echocardiog-
raphy was used to assess the cardiac function with special 
reference to mitral valve function to exclude patients with 
moderate and severe mitral regurgitation, if any. Urine out-
put was recorded hourly. OPCABG was done after midline 
sternotomy using myocardial stabilizer (Octopus) for the 
distal coronary anastomosis. Proximal anastomosis on aorta 
was performed with a systolic arterial pressure (SAP) of 80 to 
90 mm Hg and the distal anastomosis performed with SAP 
of 110 to 120 mm Hg unless indicated otherwise. A mean 
arterial pressure of 70 mm Hg was maintained throughout 
the procedure at times other than indicated above. Patients 
were electively ventilated for 2 to 4 hours till fully conscious, 
warm, not bleeding, and then extubated after a short trial of 
spontaneous respiration.

Statistical Method
Data were analyzed using SPSS software version 21.0. 
Continuous variables were expressed as mean ± standard 
deviation (SD). Categorical variables were expressed using 
frequency and percentage. Comparison of continuous vari-
ables with presence of AKI was done using independent sam-
ple t-test or Mann-Whitney U test. For categorical variables, 
analysis was done using chi-square test or Fisher exact test. A 
p-value <0.05 was considered as statistically significant.
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Results
There was a total of 242 patients in the two groups, 121 in 
each. There was a male preponderance in both groups. Also, 
51% of patients in category A (those with normal renal func-
tion) and 60% in category B (those with renal dysfunction) 
were diabetics. ►Table 1 shows that the incidence of AKI was 
higher in category B; 7.4% patients in category A and 10.74% 
of patients in category B developed AKI as defined by KDIGO 
criteria, but this difference was not statistically significant (p 
= 0.37). There was significant difference in age among the two 
groups. The mean of age in category A was 55 ± 9.6 (SD) years 
with a range of 30 to 73 years whereas in category B, the mean 
age was 60.71 ± 8.1 (SD) years with a range of 44 to 82 years. 
There was no statistically significant difference between the 
two groups when gender, presence of diabetes, hyperten-
sion, cerebrovascular disease, smoking, intra-aortic balloon 

pump (IABP) requirement, incidence of re-exploration, and 
postoperative stroke were considered. The Euroscore risk 
was higher for patients with renal dysfunction when com-
pared with patients with normal renal function, which was 
statistically significant. There was no statistically significant 
difference between the two groups with respect to left ven-
tricular ejection fraction, number of grafts, requirement for 
renal replacement therapy (RRT), length of intensive care 
unit (ICU)/hospital stay, and mortality.

►Table 2 shows statistically significant increase in post-
operative serum creatinine levels in category B patients. Also, 
serum creatinine values showed worsening till postoperative 
day 3 and then showed improvement indicating recovery of 
renal function. Statistically significant differences compared 
with preoperative values were noted from day 1 to day 3 in 
both the groups (p < 0.001).

Table 1  Demographic and clinical data of patients undergoing off-Pump CABG in 2 groups 

Category A (normal renal 
function)

Category B (renal dysfunction) p-Value

Age (mean ± SD) 30–73 years (55 ± 9.6) 44–82 years (60.71 ± 8.1) <0.001

Gender (F/M) 11/110 8/113 0.473

Diabetes (Y/N) 62/59 73/48 0.155

Hypertension (Y/N) 73/48 89/32 0.029

Preoperative CVD (Y/N) 0/121 1/120 0.316

Smoking status (Y/N) 41/80 44/77 0.686

Preoperative serum creatinine (mg %) 0.96 ± 0.14 1.46 ± 0.29 <0.001

Preoperative eGFR (mL/min):
mean ± SD

81.13 ± 13.95 51.07 ± 9.016 <0.001

Preoperative eGFR  
(mL/min):
categorized

>60 120 4

60–45 1 93

45–30 0 23

<30 0 1

Euroscore risk (±SD) 1.83 (±1.7) 2.98 (±1.9) <0.001

LVEF % (±SD) 47.40 (±7) 47.40 (±7) 1

Number of grafts (±SD) 1.92 (±0.7) 1.92 (±0.7) 1

Incidence of AKI 9 (7.5%) 13 (10.7%) 0.37

IABP requirement (Y/N) 2/119 0/121 0.156

Re-exploration (Y/N) 4/117 0/121 0.044

Postoperative stroke (Y/N) 2/119 0/121 0.156

ICU stay (±SD) 2.11 days (±0.4) 2.11 days (±0.4) 1
Abbreviations: AKI, acute kidney injury; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; F, female; IABP, intra-aortic balloon 
pump; ICU, intensive care unit; LVEF, left ventricular ejection fraction; M, male; N, no; SD, standard deviation; Y, yes.

Table 2  Postoperative serum creatinine values in 2 groups of patients from day 1 to 5 

Serum creatinine
(mg %)

Category A (normal renal 
function)

Category B (renal 
dysfunction)

p-Value

POD-1 0.96 ± 0.218 1.64 ± 0.311 <0.001

POD-2 0.96 ± 0.218 1.62 ± 0.371 <0.001

POD-3 0.99 ± 0.393 1.74 ± 0.440 <0.001

POD-4 0.96 ± 0.382 1.66 ± 0.385 <0.001

POD-5 0.96 ± 0.29 1.66 ± 0.438 <0.001

Abbreviation: POD, postoperative day.
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Discussion
Postoperative renal dysfunction is one of the most sig-
nificant serious complications following cardiac surgery. 
About 2.3% of isolated CABG cases are vulnerable to AKI, and 
the incidence is higher (14–15%) in patients with preopera-
tive CKD.5 However, the incidence of AKI defined by consen-
sus definitions is much higher and ~20% to 30%.6,7

This study was conducted to determine outcomes of 
patients with renal dysfunction undergoing OPCABG and 
compare them with patients with normal renal function 
undergoing OPCABG. This study was modeled after similar 
studies done by Kim et al, which showed three times higher 
risk of AKI in the CKD group than in the normal group, and 
the overall incidence of AKI was reported in 34 patients 
(13.9%).8 In our study, the risk of developing AKI in patients 
with pre-existing renal dysfunction was lower as compared 
with the study done by Kim et al due to the fact that the 
patient cohort in our study was having milder renal dysfunc-
tion with eGFR value of 51 mL/min/1.73 m2.

Our study is a retrospective cohort study, wherein patients 
were divided into two categories. The category A patients 
were those with normal renal function, which was defined 
as serum creatinine ≤1.3 mg/dL and/or eGFR of ≥60 mL/
min/1.73 m2. The category B patients were those with renal 
dysfunction, which was defined as serum creatinine ≥1.3 mg/
dL and/or eGFR of ≤60 mL/min/1.73 m2. The AKI was defined 
according to KDIGO criteria as an increase in the serum cre-
atinine levels of ≥0.3 mg/dL within 48 hours or an increase 
of 1.5 times above baseline known or presumed to have 
occurred within the previous 7 days. Our primary objective 
was to determine occurrence of AKI in both the categories 
and to determine the percentage of patients who have pro-
gressed to RRT following OPCABG.

Despite the success of CABG with CPB, the deleterious 
effects of CPB have been well documented.9-11 The recent suc-
cess of OPCABG offered an opportunity to avoid CPB and its 
side-effects. OPCABG demonstrated an overall early benefit, 
especially in patients traditionally considered at high risk for 
CABG. Recent studies confirmed that coronary grafting on the 
beating heart is a viable alternative to conventional on-pump 
CABG and provides good long-term graft patency.12-14 Acute 
renal failure necessitating the use of RRT is a rare but serious 
complication after CPB. However, AKI needing RRT is associ-
ated with an in-hospital mortality of 50 to 70%.15-17

A factor that likely affects risk of AKI in OPCABG is intrinsic 
genetic variability. Identification of genetic factors may influ-
ence the therapeutic strategy in dealing with the patients at 
high risk of developing AKI. Previously, it was reported that 
polymorphism of ACE I/D and APO-E genes is associated with 
development of AKI in cardiac surgery.18,19

Various studies have looked into patient factors associated 
with the development of AKI following cardiac surgery. In a 
multivariate model, the preoperative patient characteristics 
most strongly associated with postoperative severe renal 
insufficiency included advanced age, female sex, white blood 

cell count >12,000/mm3, previous CABG, history of ongoing 
congestive heart failure, peripheral vascular disease, hyper-
tension, diabetes, and preoperative IABP.20

Despite concern for almost half a century over the grav-
ity of renal dysfunction as a complication, AKI persists as a 
prevalent and major predictor of early mortality after cardiac 
surgery.3 Although some of the damage associated with AKI 
simply reflects its association with other serious complica-
tions (e.g., sepsis) as an “epiphenomenon,” there is also com-
pelling evidence that AKI itself contributes to unfavorable 
outcome.21,22 Accumulation of uremic toxins other than urea 
and creatinine has widespread adverse effects on most organ 
systems.23 Although mostly studied in CKD, inadequate clear-
ance of uremic toxins adversely affects survival.24 Even when 
postoperative dialysis is avoided, the powerful relationship of 
AKI with adverse outcome continues to stimulate the search 
for treatment options to protect the kidney. Postoperative 
renal dysfunction is a known complication following cardiac 
surgeries, the cause for which is multifactorial, but primarily 
attributed to factors relating to renal hypoperfusion, occur-
ring due to insult to the kidney before, during, or after CPB.

Tabata et al25 conducted a study to know the role of renal 
function in outcomes of CABG. According to this study, renal 
dysfunction of the patient, whether it is severe or mild, is a 
main prediction measure of raised morbidity and mortality 
after CABG. Many studies showed the efficacy of OPCABG 
technique in reducing morbidity and mortality in patients 
with renal function. This study concluded that off-pump 
complete revascularization in patients with renal dysfunc-
tion provides less operative morbidity and mortality. Renal 
dysfunction is not a predictor of short survival of OPCABG, 
although it could predispose patients to longer ICU and 
in-hospital stay.25 Our study demonstrated increased inci-
dence of AKI in category B though this did not reach statisti-
cal significance; this may be explained as happening because 
(i) no patient in category B suffered from severe renal dys-
function preoperatively, (ii) scrupulous attention was paid to 
hydration and volume status, (iii) mean arterial pressure was 
maintained meticulously during the perioperative period, 
(iv) off-pump technique was used, which maintains pulsatile 
flow, and (v) nephrotoxic drugs were avoided.

According to Safaie et al, renal dysfunction predisposes 
patients to adverse outcomes after CABG. This study also 
stated that, for chronic renal disease patients not on dialysis 
with serum creatinine value of 2.5 mg/dL or more, there is a 
strong probability of postsurgery dialysis.26

Limitations
 • This study included patients with mild and moderate 

CKD. There were no patients who had severe CKD with 
GFR value ≤30 mL/min/m2 body surface area.

 • This is a retrospective, single-center study.
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