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ABSTRACT

Background: Renal dysfunction is a significant postoperative complication in patients undergoing cardiopulmonary bypass,
contributing to increased morbidity and mortality. Identifying the factors that influence postoperative renal function is crucial
for improving patient outcomes.

Objective: Our study aims to examine the prevalence of renal dysfunction in cardiac surgery patients after cardiopulmonary
bypass and investigate the correlation between cardiopulmonary bypass duration and renal function markers.

Methods: This observational study was retrospective conducted at Bahawal Victoria Hospital, Bahawalpur, on 184 patients
who underwent ON-pump cardio-pulmonary bypass surgery. The demographics, intraoperative, and postoperative data of
184 patients were collected from the patients' medical records after obtaining institution ethical approval. Preoperative and
postoperative creatinine levels were recorded. Pearson’s correlation was used to determine the association between post-
bypass creatinine and cardiopulmonary bypass duration. The test of Chi-square was used to find the association between
cardiopulmonary bypass time and renal dysfunction.

Results: The prevalence of postoperative renal dysfunction was 7.07% among the study population. A paired t-test
confirmed a statistically significant increase in creatinine (t = -6.81, p < 0.001) and BUN levels (t = -4.47, p <0.001)
postoperatively. A weak negative correlation (r = -0.025, 95% CI: -0.159 to 0.101, p = 0.73) was observed between post-
bypass creatinine levels and bypass time, indicating no statistically significant association. The Chi-Square test (p = 0.942)
further confirmed that cardiopulmonary bypass duration alone was not associated with renal dysfunction. However, pre-
and post-bypass creatinine (r=0.398, p <0.001) and BUN levels (r=0.797, p <0.001) showed a significant relationship,
suggesting that factors beyond bypass time influence post-operative renal function.

Conclusion: Despite the traditional assumption that prolonged bypass time increases the risk of renal dysfunction, this
study found no significant association between cardiopulmonary bypass duration and postoperative renal impairment.
Keywords: Cardiopulmonary Bypass time; Cardiac surgery; Creatinine; Renal dysfunction

INTRODUCTION: A crucial part of contemporary cardiac surgery is cardiopulmonary bypass
(CPB) that enables surgeons to operate on a still, bloodless heart while maintaining systemic perfusion and
hemodynamics. However, CPB is associated with significant physiological alterations such as temperature
changes, blood flow alterations, inflammatory responses, and ischemia-reperfusion injury. One of the most
concerning complications is acute kidney injury (AKI), with a 20—-30% observed occurrence [1]. Longer hospital
stays and poorer short- and long-term mortality are linked to the development of AKI. AKI is marked by acute
deterioration of kidney function. It might be triggered by numerous pre-operative and patient related-factors [2].
Post-operative AKI risk is the result of several factors, including surgical stress during the operation, and pre-
existing illness such as chronic kidney disease (CKD), diabetes mellitus (DM), hypertension (HTN),
cardiovascular disease (CVD), and other chronic diseases like obesity, and anemia. These factors may leave
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the kidneys more vulnerable. What seems to drive that is impaired renal perfusion, oxidative stress, and
systemic inflammation [3].

Different sets of criteria or classification systems have been developed for AKI diagnosis and staging. Some of
them include RIFLE, AKIN, and KDIGO criteria which have different staging system for diagnosing and staging
AKI. For example, RIFLE classification defines an AKI episode and categorises its severity stage based on
changes in serum creatinine, GFR, and urine output. AKIN classification was considered a reworking of the
RIFLE criteria. Meanwhile, the KDIGO classification merged features of RIFLE and AKIN and is a more popular
means to classify and detect AKI according to serum creatinine and urine outputs [4—8]. According to this
classification, AKl is characterized as a sudden significant rise of serum creatinine by at least a 0.3 mg/dl (~26.5
pmol/l) increase within 48 hrs OR serum creatinine to an level of at least 1.5 times of the initial value over 7
calendar days or urine volume of less than 0.5 ml/kg/h continuously for 6 hours [8].

Decreased perfusion of the kidney can result at any time during the perioperative period, including when a
person is hypotensive, has a decreased cardiac output, experiences increased sympathetic nervous system
activity, gets administered vasoconstrictors, or activates the renin-angiotensin-aldosterone system (RAAS). It
has been suggested that oxygen supply-demand imbalance [9] is the mechanism through which the time
duration, hemodilution, rewarming and the hypotension encountered during cardiopulmonary bypass are all
factors that are being cited as leading cause of AKI after the operation. Around every fifth patient after cardiac
surgery may suffer from AKI. But the severity of AKI and the kind of surgical procedures vary considerably in
different patients, as the lowest and highest incidences were coronary artery bypass graft (CABG) surgery
(19%) versus valve surgery (27.5%) or aortic surgery [10].

The previous studies have mentioned a bunch of factors which relate to both the patients and preoperative
aspects that have a significant association with renal dysfunction after CPB including age, female, diabetes
mellitus DM, peripheral vascular disease (PVD), previous renal disease, congestive heart failure, low left
ventricular function, emergency surgery, and prolonged duration of CPB or cross-clamp. Preoperative serum
creatinine levels have emerged as one of the most significant predictors of postoperative AKI while
hemodilution, hemolysis, and other factors related to CPB might additionally lead to renal injury [11-14].
Prolonged CPB has been proposed as an important perioperative factor which leads to postoperative renal
dysfunction. Nevertheless, previous studies reported differing results about the connection between CPB time
span and kidney-related recovery outcomes after surgery.

The clarification of the effect of CPB time on renal outcomes and the provision of evidence for the
implementation of early diagnosis and management towards the lessening of morbidity and mortality in post-
CABG patients require larger studies with controlling for these variables.

This link has not been definitely established yet, by researching such connections, potential patients at risk can
be identified before their renal functions significantly decline. This, in turn, allows these patients to be chosen
early for assessment as well as to their perioperative management being adjusted accordingly.

METHODS: This study was retrospective that was conducted in the ICU of the Cardiac Center, Bahawalpur,
over a duration of six months, from 1st August 2024 to 30th January 2025. A group of 184 patients who were
operated on with a heart-lung machine for coronary artery bypass grafting surgery were selected. The sample
size was determined by means of the OpenEpi software on the internet which took into consideration a 95%
confidence interval, 80% power, and a risk prevalence ratio of 3.6 [15]. The method of sampling applied was
non-probability, convenience sampling. The participants of the study were men and women who were 18 or
older years and who had normal kidney function before surgery and undergoing cardiopulmonary bypass
surgery, while patients younger than 18, those with impaired preoperative renal function, uncooperative
patients, or those undergoing off-pump surgery (OPCAB) were excluded. Independent variables included age,
BMI, gender, urine output, weight, and blood urea nitrogen (BUN), while the dependent variable was renal
function tests (RFTs). After obtaining ethical approval, we gathered information from specific individuals'
medical records in the past and made sure confidentiality by de-identifying all data. Analysis was done by using
SPSS 27. Frequencies were calculated, and Pearson’s correlation and paired t-tests were used to assess
relationships and differences. Operational definitions included normal creatinine levels as 0.7-1.1 mg/dL,
normal BUN levels as 7-20 mg/dL, and urine output as 0.5-1.5 mL/kg/hour. Bypass time was categorized into
short (260 minutes), moderate (61-120 minutes), prolonged (121-180 minutes), extended (181-240 minutes),
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and extreme (2240 minutes). Renal dysfunction was defined using KDIGO. The criteria for Acute Kidney Injury
(AKI) included a rise in serum creatinine of at least 0.3 mg/dL within 48 hours or at least 1.5 times the baseline
level. The ethical approval is taken from the Institutional Ethical Review Board of QAMC, ( 2819/DME/QAMC
Bahawalpur)

RESULTS: Itincluded 184 patients; 31% were the females and 69% were the males. The majority (41.8%)
were between the ages of 51-60 years, followed by 26.6% in the 41-50 years age group. The smallest proportion
(1.6%) was in the 21-30 years category, while the remaining patients were distributed across other age groups
as shown in the table 1.

Table 1. Demographic and preoperative characteristics of patients undergoing CPB (N = 184)

Variable Category / Statistic n (%) / Mean = SD
Sex Male 127 (69.0%)
Female 57 (30.9%)
Age (years) Mean + SD 51.16 £ 9.46
Median 52
Mode 50
Range 44*
Age group (years) 21-30 3 (1.6%)
31-40 32 (17.4%)
41-50 49 (26.6%)
51-60 77 (41.8%)
61-70 19 (10.3%)
71-80 4 (2.2%)
Weight (kg) Mean = SD 64.18 +13.9
Median 65
Mode 62
Range 73*
Preoperative creatinine (mg/dL) Mean + SD 0.894 +0.22
Preoperative BUN (mg/dL) Mean £ SD 35.15+9.6
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The average age of the participants was 51.16 years, with the median age being 552 years and the mode 50
years. The standard deviation of age was £9.46. In the same way, the average weight was 64.18 kg with median
65 kg and mode also 62 kg. The standard deviation for weight £13.9 (see table 2).

Table 2: Bypass Time of patients undergoing CABG.

Classification Bypass Time period No. of cases (N=184)
SHORT < 60 minutes 3
MODERATE 61-120 minutes 89

121-180 minutes
PROLONGED 70

EXTENDED 181-240 minutes 22

The bypass time was categorized into five classes as shown in table 3.Short (< 60 minutes), Moderate (61-120
minutes), Prolonged (121-180 minutes), Extended (181-240 minutes) and Extreme: (= 240 minutes). Among
184 cases, the highest proportion falls within the Moderate (89 % cases) and Prolonged (70 % cases)
categories, while fewer cases are classified as Short (3 cases) or Extended (22 cases).

Table 3. Preoperative and postoperative renal function parameters and correlation analysis

Renal function parameter / analysis Preoperative Postoperative P- B R p-
value (r) value

Creatinine (mg/dL) 0.894 +0.22 1.045+0.308 <0.001 — —

BUN (mg/dL) 35.15+9.60 37.31+10.65 <0.001 — —

CPB. .duratlon vs. postoperative . . 0.025 073

creatinine

CPB duration vs. postoperative urine o o o 0.364 <0.001

output

Table 4 shows the comparison of pre- and post- CABG RFTs among patients. A significant increase in
postoperative creatinine levels was observed compared to preoperative values (Mean + SD: Pre = 0.894 + 0.22
mg/dL, Post = 1.045 + 0.308 mg/dL, p < 0.001). Similarly, BUN levels increased postoperatively (Pre = 35.15
9.6 mg/dL, Post = 37.31 + 10.65 mg/dL, p < 0.001). Paired t-test confirmed a statistically significant increase in
creatinine (t = -6.81, p < 0.001) and BUN levels (t = -4.47, p < 0.001) postoperatively, though within clinically
acceptable limits.

Table 4: Relationship between Bypass time and Renal dysfunction.

CPB Time
Renal
Short Moderate Prolonged Extended Extreme p-value
Dysfunction
<60 61-120 121-180 181-240 >240
No 3% 83 % 64 % 15 % 6 % 0.942
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Yes 0% 7% 5% 1% 0%

Total 3 % 90 % 69 % 16 % 6 %

The correlation between RFTs and Bypass time was shown in table 5. A non-significant association was found
between post-bypass creatinine levels and CPB duration (Pearson’s r = -0.025, 95% CI: -0.159 to 0.101, p =
0.73), suggesting that prolonged CPB did not significantly impact renal function. A slight increase was found to
be related to pre- and post-bypass creatinine level changes (r = 0.398, 95% CI: 0.27 to 0.50, p < 0.001),
indicating that patients with higher preoperative creatinine were more likely to experience post-bypass renal
function changes. A strong correlation was found between pre- and post-bypass BUN levels (r = 0.797, 95%
Cl: 0.73 t0 0.85, p < 0.001), suggesting consistent renal function trends pre- and postoperatively.

The table 6 shows chi square test results. Most patients (171 out of 184) did not develop renal dysfunction,
regardless of cardiopulmonary bypass (CPB) duration. Only 13 patients developed renal dysfunction. The
number of patients with renal dysfunction is low across all CPG time categories. The Chi-square test (p = 0.942)
showed no statistically significant association between CPG duration and renal dysfunction. This may be due
to improved intraoperative perfusion strategies, fluid management, and renal protective measures in recent
years.

The figure 1 shows a bar graph which illustrates that the majority of patients (41.8%) are between 51-60 years,
followed by 26.6% in the 41-50 years age group. This distribution suggests that middle-aged and older
individuals are more prevalent in the study population.

Age_distribution

50

40

30

Percent

20

21-30 31-40 41-50 51-60 61-70 71-80
Age_distribution
Figure: 1. Age distribution of patients undergoing CABG surgery.

The figure 2 represents a histogram that shows the weight distribution of the study population (N = 184). The
data follows a roughly normal distribution, with most values concentrated around the mean weight of 64.18 kg.
The standard deviation (13.93 kg) indicates a moderate spread of values.
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Figure: 2. Weight distribution of patients undergoing CABG surgery.

DISCUSSION: The study was carried out on 184 patients after cardiac bypass surgery (CABG) and its main
goal was to determine if there is a connection between the time of cardiopulmonary bypass (CPB) and patients’
kidney function following the surgery. The significant changes in the levels after the operation included an
increase in creatinine and BUN. However, the duration of CPB did not affect postoperative creatinine or renal
function to a statistically significant degree.

More than a half of the patients were between 51 and 60 years of age (41.8%) and a quarter were in the range
41-50 years (26.6%). Getting older has also proven to be one of the risk factors in developing acute kidney
injury (AKI) after a heart surgery as previously reported [16,17]. Still, in this study the description of age groups
was the only concern and age itself was not the focus of analysis.

Our study found that postoperative creatinine levels increased significantly compared to preoperative values
(0.894 + 0.22 mg/dL vs. 1.045 + 0.308 mg/dL, p < 0.001), and BUN levels also showed a statistically significant
rise (35.15+ 9.6 mg/dL vs. 37.31+10.65 mg/dL, p <0.001). These findings align with previous studies
suggesting that even minor elevations in creatinine levels post-CABG can be associated with worse patient
outcomes. [18] The mean difference of Creatinine levels between pre and post CABG patients indicates that,
on average, the creatinine levels increased by 0.1505 mg/dL after the surgery. Research indicates that after
adjustment of pre-operative AKI risk factors, a 15% increase in immediate post-operative blood creatinine levels
was significantly associated with a 7-fold increase in the probability that AKI would occur (OR 7.17; 95% CI
1.27-40.32; p = 0.025) [19].

Renal function indicator is used for montoring urine output during CAGB. In our study, urine output showed a
negative correlation with post-CPB creatinine levels (r = -0.16, p <0.001). Research showing that low
intraoperative urine output is associated with a higher risk of AKI due to inadequate renal perfusion [20]. A non-
significant association was found between post-bypass creatinine levels and CPB duration (r = -0.025, 95% CI:
-0.159 t0 0.101, p = 0.73), suggesting that while CABG affects renal function. The present study did not identify
a statistically significant association between CPB duration and postoperative creatinine levels

This supports the idea that other perioperative factors, such as fluid management, inflammatory response, and
patient comorbidities, may play a more crucial role in determining renal outcomes. Additionally, the Chi square
test results indicate that the majority of post-CABG patients (171 out of 184) did not develop renal dysfunction,
regardless of the duration of cardiopulmonary bypass (CPB). Only 13 patients experienced renal dysfunction,
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with no significant trend observed across different CABG time categories. The Chi-square test (p = 0.942)
showed no statistically significant association between CPB duration and renal dysfunction.

Advances in fluid balance strategies, perfusion techniques, and renal protective measures may have mitigated
the traditional risks associated with prolonged CPB. The patients included in the study had normal renal function
preoperatively, potentially reducing the likelihood of postoperative AKI. While CPB duration is a contributing
factor, other perioperative elements such as hemodynamic fluctuations, inflammatory responses, nephrotoxic
medication use, and comorbidities (e.g., diabetes, hypertension) likely play a more dominant role in
postoperative renal function decline [21].

A non-significant association does not establish the absence of an association. Please revise this statement to
reflect that no statistically significant association was observed in the present study. [22]. This study involved a
matched-pair analysis of 1,428 CABG patients, found that cardiopulmonary bypass (CPB) itself, as well as its
duration, are not independent risk factors for developing postoperative AKI.

Additionally, the severity of AKI was not influenced by the use of CPB. These findings suggest that other
factors, such as patient comorbidities and perioperative management (cross-clamp time, low perfusion
pressure, hemodilution), may play a more significant role in determining renal outcomes post-CABG rather than
CPB alone.

Another study [23], showed that patients with either kidney insufficiency or underlying disorders like diabetes
and hypertension are less than those without such conditions likely to suffer from kidney injury after undergoing
CABG operation, no matter how long they remained on CPB.

Although the current findings suggest that CPB duration alone is not a primary determinant of renal dysfunction
in this participants, further research with larger sample sizes and comprehensive risk stratification is needed.
The findings of this work require validation in larger studies involving diverse patient groups, and further refine
renal protection strategies in CABG patients. Further study with a larger sample size and adjustments for
confounding variables such as perfusion strategies, intraoperative hemodynamics, temperature changes, pump
flow rates, medications and other patient-specific risk factors, is recommended. More studies are required not
only to reveal the hidden mechanisms but also to perfect perioperative measures that can lessen the occurrence
of renal problems in patients having CABG operation.

CONCLUSION: Our study underscores the complex and multifaceted etiology of Renal dysfunction in
patients following ON-pump cardiac surgery. A non-significant association was observed between bypass time
and postoperative creatinine levels, challenging the conventional belief that prolonged bypass increases renal
risk. The low prevalence (7.07%) of renal dysfunction in the current study may indicate that patient selection,
perioperative strategies and medications effectively reduced the risks associated with prolonged CPB time.
The study acknowledge that postoperative renal dysfunction is multifactorial and influenced by several patient-
and procedure-related factors that were not adjusted for in the analysis.
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