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ABSTRACT

Objective: To determine the frequency of in hospital outcomes of acute kidney injury after coronary artery bypass
graft surgery at a tertiary care hospital.

Methods: This cross-sectional research was carried out at the Department of Nephrology at Aga Khan University
Hospital, Karachi in a span of six months following ethical approval. Non-probability consecutive sampling was
done to select 104 patients. Patients that had undergone coronary artery bypass grafting (CABG) and developed
acute kidney injury (AKI) aged 40-80 years were eligible. Data were processed with SPSS v22 and chi-square
test was done with p 0.05 considered significant.

Results: The mean age of patients was 66.63 + 8.62 years. Serum creatinine increased postoperatively from 0.933
+0.124 mg/dL to 1.619 + 0.546 mg/dL and decreased to 1.288 + 0.478 mg/dL at discharge. Majority of the patients
were males (84.6%). Hypertension (92.3%) and diabetes mellitus (59.6%) were prevalent. The most common was
hospital stay of 7 days (42.3%). In-hospital outcomes were recovery (67.3%), persistent renal dysfunction
(26.9%), and mortality (3.8%). There was a significant association between gender and hospital stay (p < 0.001)
and no significant association between diabetes and hypertension.

Conclusion: Acute kidney injury related to CABG is a frequent postoperative outcome and is especially
susceptible to older males with comorbidities. Most patients recovered, but a significant number either developed
chronic kidney disease or die. Close perioperative monitoring and early detection are necessary to enhance renal
and overall outcomes.

Keywords: Acute Kidney Injury; Coronary Artery Bypass Grafting; Hospital Mortality; Postoperative
Complications; Serum Creatinine.

INTRODUCTION

Coronary artery bypass graft (CABG) surgery has become a very frequent operation with the aim of treating more
severe cases of coronary artery disease, but it is not without any severe postoperative adverse effects, and acute
kidney injury (AKI) is one of the most severe and clinically important. Post-cardiac surgery AKI is a significant
cause of augmented morbidity, protracted stay in the intensive care unit, augmented health care expenditures and
augmented short and long-term mortality.

In different populations, AKI has been reported to have a burden after CABG. One of the retrospective cohort
studies in a tertiary care hospital in Pakistan revealed the high incidence of AKI following CABG and some of
the risk factors that are associated with it, highlighting its continued clinical relevance both locally and globally
[1]. Even with the improved surgical and anaesthetic practices, the rates of AKI are still very high, especially
among high-risk patients who receive cardiopulmonary bypass.

The recent developments in the field of perioperative management are aimed at the minimization of renal
complications based on the optimized approach to perfusion. The concept of goal-directed perfusion has proven
to be an exciting one in the reduction of renal hypoperfusion during cardiac surgery. Paediatric cardiac surgery
evidence indicates that such measures can greatly decrease AKI incidence through enhanced delivery of oxygen
to the body and organ perfusion [2]. In line with this, goal-directed perfusion has been observed to be linked with
less postoperative renal injury in systematic studies in adult cardiac surgery populations [3].

The pathophysiology of AKI under CABG is multifactorial. Cardiopulmonary bypass leads to the activation of
systemic inflammatory response, haemolysis, oxidative stress and hemodynamic variability all of which
contribute to renal ischemia and tubular damage. Cardiopulmonary bypass leads to biochemical changes, which
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further impair endothelial dysfunction and inflammatory activation, rendering patients more vulnerable to
incurring renal damage [4].

Clinical research on CABG patients has continuously shown that AKI is still a common complication, especially
in patients who are on-pumped. On-pump coronary artery bypass grafting has also been linked to increased cases
of postoperative renal dysfunction which has emphasized the effects of extracorporeal circulation on renal
functioning [5]. Consequently, much focus has been put on the early detection of vulnerable patients and adoption
of renal-protective measures.

In terms of perioperative care, the prevention and early treatment of AKI is crucial. Modern literature focuses on
risk stratification, hemodynamic optimization, and prevention of nephrotoxic insults as important preventive
interventions in cardiac surgical patients [6]. With these strategies, AKI still takes place, and the necessity to
enhance predictive and preventative strategies is obvious.

The existing evidence tends to indicate that cardiac surgery-related AKI depends on various patient-related,
surgical and perioperative factors. They are the baseline renal function, length of cardiopulmonary bypass, and
intraoperative hemodynamic instability [7]. It has also been observed through observational studies that AKI is
linked with poor postoperative outcomes, such as long hospital stay and high mortality [8].

Increased knowledge related to the pathophysiology of cardiac surgery-associated AKI has enhanced preventive
measures, which include minimization of inflammatory damage, maximization of renal perfusion and early
detection of renal dysfunction [9]. Nonetheless, AKI still presents a considerable prognosis of adverse outcomes
after cardiac surgery and presents a considerable clinical challenge [10]. In this respect, the current paper will
assess the hospital outcomes of acute kidney injury after the coronary artery bypass graft surgery in a tertiary care
hospital with specific interest in its incidence, risk factors, and postoperative outcomes.

METHODS

It was a cross-sectional study that was carried out in the Department of Nephrology at Aga Khan University
Hospital, Karachi. The research was carried out in a span of six months following the consent of the synopsis.
Before the study began, ethical approval was sought by the Institutional Review Committee with approval no:
[CITI new 230201 _000041]. All the participants were informed about the study and their consent was taken, and
patient data remained confidential throughout the study.

The prevalence of mortality that follows a coronary artery bypass graft surgery complicated by acute kidney injury
was used as the sample size with the Raosoft sample size calculator [11] that assumes a margin of error of 7.0%
hence the total sample size was 104 patients. The method of sampling was non-probability consecutive. The study
included patients of both sexes aged 40-80 years who reported with reduced urine output and generalized edema
and had a history of coronary artery bypass graft surgery done in Aga Khan University Hospital. Exclusions
included patients who had hypo or hyperthyroidism history, chronic liver disease, chronic renal failure, COPD,
stroke, connective tissue disorders as SLE, previous dialysis, nephrotoxic drugs like NSAIDs, or exposure to
radioactive contrast. Pregnant women who were sure about their pregnancy through dating scan were also not
included.

The patients admitted to the Department of Nephrology were eligible to provide data. Cardiovascular surgeons
with a minimum of seven years experience had conducted all the coronary artery bypass graft surgeries.
Monitoring of the development of acute kidney injury in patients was done during the hospital stay in the
postoperative period according to the definition of operational definition. Aseptic blood sample was used to
measure serum creatinine and was sent to the laboratory to be analyzed, and urine output was monitored every 24
hours. The acute kidney injury was defined as an elevation in serum creatinine above 0.3 mg/dL in the next 48
hours compared to baseline or urine production below 0.5 mL/kg/hour during a six-hour period. The outcomes in-
hospital were documented as mortality (patient dies in the hospital), recovery (creatinine and urine output returned
to normal levels), or persistent dysfunction (patients have high creatinine levels at the end of hospitalization). All
data were entered in a pre-designed proforma.

The SPSS version 22.0 was used to analyze data. Categorical variables (gender, residence, comorbid conditions,
including diabetes mellitus and hypertension, and in-hospital outcomes), frequencies, and percentages were
determined. The continuous variables (age, BMI and length of disease) were presented in the form of mean
standard deviation or mode/inter quartile range respectively. The Shapiro-Wilk test was used to determine the
normality of continuous data. Effect modifiers like age, gender, residence, hypertension and diabetes mellitus
were stratified to control confounding effects. Chi-square test or the Fisher exact test was used after stratification
when analyzing categorical variables. The statistically significant p-value was taken as 0.05 and the 95%
confidence interval was used for the analysis.

RESULTS

A total of 104 patients who underwent coronary artery bypass grafting (CABG) complicated by acute kidney
injury (AKI) were included in the study. The demographic profile, biochemical parameters, hospital stay, and
clinical outcomes were analyzed.
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The mean age of patients was 66.63 + 8.62 years. The mean pre-CABG serum creatinine was 0.933 + 0.124
mg/dL, which increased postoperatively to 1.619 + 0.546 mg/dL, and decreased to 1.288 + 0.478 mg/dL at
discharge.

Table 1 presents the baseline demographic profile and comorbid conditions of the study population. The majority
of patients were male, and a high proportion had hypertension and diabetes mellitus.

Table 1: Baseline demographic and clinical characteristics of study participants

Variable n (%)

Male 88 (84.6%)
Female 16 (15.4%)
Diabetes Mellitus (Yes) 62 (59.6%)
Hypertension (Yes) 96 (92.3%)

Table 2 shows the mean biochemical parameters at different time points along with hospital stay distribution. A
rise in serum creatinine was observed postoperatively, followed by partial improvement at discharge. The most
common hospital stay duration was 7 days.

Table 2: Biochemical parameters and hospital stay duration

Variable Mean £ SD / n (%)
Age (years) 66.63 + 8.62
Pre-CABG Creatinine (mg/dL) 0.933+£0.124
Post-CABG Creatinine (mg/dL) 1.619 + 0.546
Discharge Creatinine (mg/dL) 1.288 £ 0.478
Hospital stay (7 days) 44 (42.3%)

Table 3 summarizes the clinical outcomes of patients following CABG-associated acute kidney injury. The
majority of patients recovered, while a smaller proportion developed persistent renal dysfunction or died during
hospitalization.

Table 3: In-hospital outcomes of study participants

Outcome n (%)
Resolved 70 (67.3%)
Persisting renal dysfunction 28 (26.9%)
Death 4 (3.8%)

Table 4 shows the association of gender, diabetes mellitus, hypertension, and hospital stay with in-hospital
outcomes. A statistically significant association was observed for gender and hospital stay, while no significant
association was observed for diabetes mellitus and hypertension.

Table 4: Association of clinical variables with in-hospital outcomes (Chi-square test)

Variable y* value df p-value
Gender vs Outcome 23.890 3 0.000
Diabetes Mellitus vs 10.470 6 0.106
Outcome

Hypertension vs 1.695 3 0.638
Outcome

Hospital Stay vs 76.595 36 0.000
Outcome

DISCUSSION

This current paper has examined 104 patients who experienced acute kidney injury (AKI) after coronary artery
bypass grafting (CABG) with an emphasis on the perioperative alterations in renal functions, outcomes, and other
clinical variables. In general, the results are in line with the existing body of literature that characterizes cardiac
surgery-related AKI as a common and clinically significant complication.

Our cohort had a mean age of 66.63 +8.62 years indicating an older surgery population. This is in line with the
fact that cardiac surgery-related AKI is more prevalent in the elderly because of the diminished renal reserve and
increased comorbidity burden. Qiao et al. [12] also indicate that aging is also among the most stable risk factors
of AKI following cardiac surgery, which adds to the susceptibility of perioperative physiological stress.
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The observed increase in postoperative serum creatinine (0.933 + 0.124 mg/dL to 1.619 + 0.546 mg/dL) and
subsequent partial recovery at the time of discharge is a characteristic pattern of acute tubular damage and
subsequent partial recovery. According to Kellum et al. [13], AKI is a dynamic process, which is usually reversible
in the early phases, but incomplete recovery in a substantial portion of patients depending on the extent and
duration of insult.

The fact that most of the patients are male and that hypertension and diabetes mellitus are the most common in
our study population is in line with known cardiovascular risk profiles in CABG cohorts. Scott [14] emphasizes
that comorbidities like hypertension and diabetes are the causes of endothelial dysfunction and poor renal
perfusion, which predispose to postoperative renal injury, but may depend on the perioperative care and the
complexity of surgery.

Clinically, the majority (67.3%) of the patients did not develop chronic renal failure and 26.9% recovered and
3.8% of patients died. Similar results are documented by Salve et al. [15], who note that whereas a considerable
number of patients recover postoperative AKI in the early stages, a considerable percentage develops permanent
renal dysfunction, especially in case of multifactorial or delayed recognition injury.

Our results of transient increase in creatinine is also backed by the results of Ortega-Loubon et al. [16] who
characterize CABG-linked AKI as a continuum of mild reversible dysfunction to severe persistent injury which
is usually due to ischemia-reperfusion injury, inflammatory response, and cardiopulmonary bypass-related factors.
Kamla et al. [17] also point out that changes in postoperative renal biomarkers, even minor ones, can be the signs
of the presence of subclinical kidney injury that can precondition the development of long-term renal dysfunction.
This advocates the significance of early diagnosis and follow up in patients undergoing cardiac surgery.

Our cohort with high comorbidity rates is aligned with the results described by Harky et al. [18], who revealed
that hypertension and diabetes were frequent causes of postoperative AKI because of chronic microvascular
damage and impaired renal autoregulatory capability.

Jabayeva et al. [19] also indicated that diabetes mellitus and hypertension are high predictors of cardiac surgery-
related AKI incidence in prospective observational data, but the strength of the association could be affected by
perioperative optimization and the selection of patients. On the contrary, these comorbidities were not statistically
significant in our study, which might indicate successful perioperative care or variability of samples.

The relationship between the long stay in hospital and poor outcomes in our study is inline with the literature.
Huang et al. [20] reiterate that postoperative morbidity like AKI has a close association with extended hospital
stays and morbidity post-CABG, which is indicative of both the severity of illness and slowing of recovery.
Lastly, Mcllroy [21] points out that even with the available research, it is difficult to predict AKI following cardiac
surgery, and that effective risk-stratification tools are yet to be developed. This reinforces our results, with some
variables exhibiting noteworthy relationships and conventional risk factors like diabetes and hypertension not
always determining results in our cohort.

Strengths and Limitations: The research was carried out at one facility and used a relatively small sample (n =
104), which restricts the external validity. It is also not useful in establishing causal relationships due to its
observational design. The evaluation of renal function was done with serum creatinine alone, which can overlook
early/subclinical AKI. Other vital intraoperative variables like bypass time and hemodynamic instability were not
studied in detail. Also, no long-term follow-up was provided after discharge, and it was restricted to assess the
persistent or progressive renal dysfunction. Results might also have been affected by residual confounding.
Nevertheless, the study offers real-world information about CABG-related AKI including serial evaluation of
renal functionality (preoperative, postoperative, and discharge). It also measures clinical events and correlations
with important comorbidities, which can provide valuable information regarding patient risk profiles and recovery
patterns.

Recommendations: To enhance generalizability and outcome measures, future researchers ought to consider
bigger and multicentred populations with long-term follow-up. Early AKI detection should be incorporated with
sensitive biomarkers (e.g., NGAL, cystatin C). Intraoperative variables need to be evaluated in detail to determine
risk factors that can be modified. Predictive risk model development could be useful in the early detection and
prevention of AKI in CABG patients.

CONCLUSION

CABG-related AKI is widespread and can be reversible, yet, a considerable percentage of patients acquire chronic
renal failure. The essential concept is to recognize early, monitor closely and optimize the perioperative care to
enhance outcomes and lessen renal complications.
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