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Abstract: Objective: This paper aimed to investigate the incidence and risk factors of postoperative
acute kidney injury (AKI) in adult patients undergoing redo cardiac surgery with cardiopulmonary
bypass (CPB), and explore the impact of AKI on early outcomes. Methods: A total of 116 patients
undergoing redo cardiac surgery with CPB between November 2017 and May 2021 were included.
Patients were divided into two groups, AKI group and non-AKI group, according to the Kidney
Disease Improving Global Outcomes criteria. Perioperative variables were retrospectively collected
and analyzed. Risk factors for the development of AKI were investigated by univariate and multiple
logistic regression models. Clinical outcomes were also compared between the groups. Results:
Postoperative AKI occurred in 63 patients (54.3%), among whom renal replacement therapy was
required in 12 patients (19.0%). The mechanical ventilation time (AKI: 43.00 (19.00, 72.00) hours;
non-AKI: 18.00 (15.00, 20.00) hours; p < 0.001), ICU length of stay (AKI: 4.00 (2.00, 6.00) days; non-AKI:
3.00 (2.00, 4.00) days; p = 0.010), hospital length of stay since operation (AKI: 12.00 (8.00, 18.00) days;
non-AKI: 9.00 (7.00, 12.50) days; p = 0.024), dialysis (AKI: 12.00 (19.05%); non-AKI: 0 (0%); p = 0.001),
reintubation (AKI: 7.00 (11.11%); non-AKI: 0 (0%); p = 0.035), and hospital mortality (AKI: 8.00
(12.70%); non-AKI: 0 (0%); p = 0.020) were all higher in the AKI group than in the non-AKI group.
Multivariate analysis revealed that high aspartate aminotransferase (OR, 1.028, 95% CI, 1.003 to
1.053, p = 0.025), coronary angiogram within 2 weeks before surgery (OR, 3.209, 95% CI, 1.307 to
7.878, p = 0.011) and CPB time (OR, 1.012, 95% CI, 1.005 to 1.019, p = 0.001) were independent risk
factors for postoperative AKI. Conclusions: High aspartate aminotransferase, coronary angiogram
within 2 weeks before surgery and CPB time seem to be associated with an increased incidence of
postoperative AKI in patients with redo cardiac surgery.

Keywords: redo cardiac surgery; cardiopulmonary bypass; postoperative; acute kidney injury;
risk factors

1. Introduction

With the advances of modern medicine, the average life expectancy has been increasing
at a rapid speed, leading to population aging. As a result, the demand for re-operative
cardiac surgery is gradually increasing [1–4]. Despite the advanced surgical techniques
and improved perioperative care, redo cardiac surgery is still marked by heightened risk
and associated with major adverse events. Acute kidney injury (AKI), an independent
risk factor for increased morbidity and mortality [5,6], is one of the serious complications
of redo cardiac surgery [5]. Recent studies have shown that advanced age, preoperative
renal dysfunction, history of diabetes mellitus, type of surgery, cardiopulmonary bypass
(CPB), postoperative infection and low cardiac output are all risk factors for postoperative
AKI [5–7]. However, the incidence and risk factors of AKI in patients undergoing redo
cardiac surgery with CPB, and the influence of AKI on perioperative complications, have
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not yet been studied. The aim of this study was to investigate the risk factors and the impact
of postoperative AKI on early outcomes in patients undergoing redo cardiac surgery.

2. Materials and Methods
2.1. Study Population

Consecutive patients receiving elective redo cardiac surgery using CPB between
November 2017 and May 2021, at the Department of Cardiac Surgery of Peking University
International Hospital in Beijing, China, were enrolled in the study. All the patients had previ-
ously undergone cardiac surgeries with CPB. Patients with preoperative dialysis dependence,
a history of off-pump cardiac surgery, patients under the age of 18 years and patients requiring
emergency surgeries were excluded from the study. A total of 146 patients were evaluated,
of whom 23 had received off-pump cardiac surgeries, 5 were under the age of 18, and 2 had
undergone permanent renal replacement therapy. A total of 116 patients were included in
the study and were divided into two groups based on postoperative AKI.

2.2. Data Collection and Definitions

Medical records including demographic information, intraoperative data and postop-
erative data were obtained from the electronic medical record system. The fluid overload
index during three days post operation was determined by the following equation [8]: (total
fluid input (L)-total fluid output (L))/basic weight (kg) × 100%. The preoperative baseline
serum creatinine value was defined as the most recent serum creatinine detected within
7 days before the surgery. The serum creatinine was recorded each day up to 14 days after
surgery. Diagnosis and staging of postoperative AKI were based on the Kidney Disease
Improving Global Outcomes (KDIGO) criteria. KDIGO 1 of AKI was diagnosed when there
was an increase in serum creatinine by ≥0.3 mg/dL (≥26.5 µmol/L) within 48 h or an
increase in serum creatinine to 1.5–1.9 times baseline within the previous 7 days. KDIGO 2
was diagnosed when there was an increase in serum creatinine to 2.0–2.9 times baseline.
KDIGO 3 was diagnosed with 3 times baseline or ≥4.0 mg/dL (≥353.6 µmol/L) increase or
initiation of renal replacement therapy. Anemia was defined as hemoglobin below 115 g/L
in female patients and 130 g/L in male patients. All patients underwent continuous flow
CPB. The perfusion pressure during CPB was maintained to 50–80 mmHg.

2.3. Statistical Analysis

Continuous variables were expressed as mean ± standard deviation and were tested
using Student’s t-test if normally distributed. Non-normally distributed data were pre-
sented as medians and 25–75% interquartile ranges and were compared with the Mann–
Whitney U test. Categorical variables were described as numbers and percentages and were
compared with chi-square test and Bonferroni correction, continuity correction or Fisher’s
exact test. The associations between potential risk factors and postoperative AKI were as-
sessed with univariate logistic regression analysis. False-discovery rate correction was used
to correct the calculated p-values. The q-values were calculated with Benjamini–Hochberg
procedure. Significant variables with q-value < 0.05 were subjected to multivariable regres-
sion model. The odds ratio (OR) was calculated and presented with 95% confidence interval
(CI). p < 0.05 was considered statistically significant for all analyses. The Kaplan–Meier
survival analysis was used to explore the impact of different KDIGO stages on the 30-day
postoperative mortality in the hospital. Statistical analysis was performed using SPSS
software version 26.0 (IBM Corp, Armonk, NY, USA).

3. Results
3.1. Patients’ Characteristics and Postoperative AKI Incidence

One hundred and sixteen patients were included in the study, with an average age of
55.6 ± 14.6 years (20–79 years), of which 62 were female (53.45%). In their first-time cardiac
surgeries, valve surgeries were performed in 96 patients, congenital cardiac surgeries in
15, cardiac tumor resections in 2, coronary artery bypass graft surgeries in 2, and surgical



J. Cardiovasc. Dev. Dis. 2022, 9, 244 3 of 9

corrections of anomalous origin of coronary artery in 1. The average interval between the
two cardiac operations was 16.1 ± 9.6 years. After redo cardiac surgery, 8 patients died in
hospital, 8 suffered lung infection, 7 were reintubated, 4 received exploratory thoracotomy
for bleeding, and 12 required renal replacement therapy.

Overall, 63 of the 116 patients (54.31%, 63/116) developed postoperative AKI according
to the KDIGO criteria: KDIGO 1, n = 31 (49.21%); KDIGO 2, n = 16 (25.40%); KDIGO 3,
n = 16 (25.40%). A total of 12 patients (19.0%, 12/63) required renal replacement therapy, of
whom 5 (41.67%, 5/12) died in hospital. The clinical characteristics of AKI and non-AKI group
are listed in Table 1. AKI occurred in 49 patients (77.78%, 49/63) on postoperative day 1, 13
(20.63%, 13/63) on postoperative day 2, and 1 (1.59%, 1/63) on postoperative day 7.

Table 1. Demographics and clinical characteristics of patients undergoing redo cardiac surgery with
cardiopulmonary bypass.

Characteristics All Cases
(n = 116)

AKI
(n = 63)

No AKI
(n = 53) p

Age, y 57.50 (47.00, 67.80) 61.00 (55.00, 68.00) 54.00 (39.00, 67.50) 0.054
Female sex, n (%) 62 (53.45) 29 (46.03) 33 (62.26) 0.081

BMI, kg/m2 21.26 (19.20, 23.57) 21.26 (19.69, 23.80) 21.60 (18.89, 23.47) 0.549
BSA, m2 1.72 ± 0.16 1.72 ± 0.16 1.71 ± 0.17 0.833

Interval, y 16.07 ± 9.60 15.82 ± 8.89 16.36 ± 10.47 0.844
Diabetes (type 1 or 2), n (%) 13 (11.21) 6 (9.52) 7 (13.21) 0.531

Smoking, n (%) 8 (6.90) 4 (6.35) 4 (7.55) 1.000
Hypertension, n (%) 8 (6.90) 6 (9.52) 2 (3.77) 0.395

Pulmonary hypertension, n (%) 74 (63.79) 53 (84.13) 21 (39.62) <0.001
Preoperative atrial fibrillation, n (%) 71 (61.21) 50 (79.37) 21 (39.62) <0.001

COPD, n (%) 2 (1.72) 1 (1.59) 1 (1.89) 1.000
Cerebrovascular disease, n (%) 7 (6.03) 3 (4.76) 4 (7.55) 0.813

Peripheral vascular disease, n (%) 47 (40.52) 27 (42.86) 20 (37.74) 0.576
Anemia, n (%) 63 (54.31) 39 (61.90) 24 (45.28) 0.073

Infectious endocarditis(active), n (%) 7 (6.03) 5 (7.94) 2 (3.77) 0.585
Recent (<14 days) heart catheterization, n (%) 66 (56.90) 43 (68.25) 23 (43.40) 0.007

LVEF, % 61.52 ± 9.54 60.95 ± 9.38 62.20 ± 9.76 0.487
NYHA-3,4, n (%) 90 (77.59) 51 (80.95) 39 (73.58) 0.343
NYHA-2, n (%) 26 (22.41) 12 (19.05) 14 (26.42) 0.343

EuroSCORE II, (%) 6.68 (3.97, 11.19) 6.88 (4.11, 11.99) 5.95 (3.48, 9.75) 0.144
BNP, pg/mL 256.90 (97.50, 397.50) 305.50 (116.45, 463.85) 183.05 (78.68, 320.90) 0.049

Preoperative eGFR, mL/min/1.73 m2 84.25 ± 22.88 79.89 ± 20.38 89.44 ± 24.74 0.024
Baseline serum creatinine, µmol/L 75.50 (62.25, 92.00) 81.00 (66.00, 99.00) 73.00 (59.00, 82.50) 0.018

Peak serum creatinine, µmol/L 111.00 (85.25, 164.00) 150.00 (121.00, 209.00) 83.00 (67.00, 99.00) <0.001
Preoperative urea, mmol/L 7.49 (5.98, 9.72) 7,71 (6.29, 10.75) 7.12 (5.54, 9.28) 0.159

Preoperative serum uric acid, µmol/L 423 (351.25, 561.75) 456.00 (373.00, 591.00) 387.00 (338.00, 533.00) 0.018
Preoperative beta-2-microglobulin, mg/L 2.51 (1.85, 3.59) 3.21 (2.26, 4.14) 2.13 (1.59, 2.99) <0.001

Preoperative albumin, g/L 40.00 ± 3.66 39.97 ± 3.74 40.03 ± 3.59 0.940
Preoperative total bilirubin, µmol/L 20.90 (14.30, 35.68) 24.30 (15.10, 42.60) 17.40 (13.00, 27.40) 0.008

Preoperative direct bilirubin, µmol/L 8.95 (5.60, 14.28) 10.40 (6.10, 16.70) 7.40 (5.05, 12.10) 0.015
Preoperative alanine aminotransferase, U/L 16.00 (12.00, 23.00) 17.00 (13.00, 24.00) 15.00 (12.00, 22.50) 0.341

Preoperative aspartate aminotransferase, U/L 28.00 (22.00, 39.00) 32.00 (24.00, 54.00) 24.00 (21.00, 31.50) 0.001
CPB duration, min 185.00 (134.25, 240.25) 207.00 (148.00, 265.00) 156.00 (116.00, 208.00) 0.001

Cross-clamp time, min 123.00 (89.75, 168.25) 140.50 (98.25, 183.50) 112.50 (80.00, 152.25) 0.009
Minimum nasopharyngeal temperature, ◦C 31.00 (30.50, 31.68) 31.00 (30.40, 31.40) 31.00 (30.90, 32.00) 0.150

CPB-MAP, mmHg 52.02 ± 5.91 50.8 1± 5.85 53.47 ± 5.70 0.015
CPB-urine output, mL/h 84 (24, 205) 49 (18, 114) 140 (60, 268) <0.001

Intraoperative-urine output, mL/h 121 (59, 180) 92 (46, 157) 158 (83,242) 0.001
* Fluid overload index during three days post operation, % −4.32 (−5.79, −2.90) −4.32 (−6.74, −2.73) −4.31 (−5.58, −3.20) 0.969

Surgical procedure
Valve surgery, n (%) 107 (92.24) 61 (96.83) 46 (86.79) 0.096

CABG, n (%) 3 (2.59) 0 (0) 3 (5.66) 0.185
CABG + valve surgery, n (%) 1 (0.86) 1 (1.59) 0 (0) 1.000

Congenital surgery, n (%) 4 (3.45) 1 (1.59) 3 (5.66) 0.492
Red blood cells transfusion, U 4 (2, 8) 4 (2, 10) 4 (4, 8) 0.358

Plasma transfusion, mL 600 (200, 800) 600 (200, 800) 600 (300,800) 0.888
Platelet transfusion, U 1 (0, 1) 1 (0.5, 2) 1 (0, 1) 0.055

AKI, acute kidney injury; BMI, body mass index; BSA, body surface area; COPD, chronic obstructive pulmonary
disease; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association (functional classification);
EuroSCORE, European System for Cardiac Operative Risk Evaluation; BNP, B-type natriuretic peptide; eGFR,
estimated glomerular filtration rate; CPB, cardiopulmonary bypass; MAP, mean arterial pressure; CABG, coronary
artery bypass grafting. * Fluid overload index during three days post operation was determined by the following
equation: (total fluid input of postoperative three days (L)-total fluid output of postoperative three days (L))/basic
weight (kg) × 100%.
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3.2. Comparison of Preoperative and Intraoperative Factors between AKI and Non-AKI Group

Patients with AKI had histories of pulmonary hypertension (p < 0.001), atrial fibrillation
(p < 0.001) and coronary angiography within 2 weeks before surgery (p = 0.007) more frequently
compared with those who did not have AKI. The preoperative serum creatinine (p = 0.018),
serum uric acid (p = 0.018), beta-2-microglobulin (p < 0.001), total bilirubin (p = 0.008), direct
bilirubin (p = 0.015), aspartate aminotransferase (AST) (p = 0.001) and B-type natriuretic
peptide (p = 0.049) in the AKI group were all significantly higher than those without AKI,
while the estimated glomerular filtration rates (eGFR) were lower than non-AKI group
(p = 0.024). Patients in the AKI group had longer CPB duration (p = 0.001) and aortic
cross-clamp time (p = 0.009), lower mean arterial pressure during CPB (p = 0.015), and less
urine output during CPB (p < 0.001) and operation (p = 0.001) than the non-AKI group.

3.3. Comparison of Clinical Outcomes between AKI and Non-AKI Group

Postoperative clinical data of the two groups were compared. The results showed that
the mechanical ventilation time (p < 0.001), ICU length of stay (p = 0.010) and hospital length
of stay since operation (p = 0.024) in AKI patients were longer than those without AKI; the
incidence of reintubation (p = 0.035) and hospital mortality (p = 0.020) were higher than the
non-AKI group. No cerebrovascular accident occurred in the two groups, and there was no
significant difference in the incidence of lung infection between the two groups (p = 0.113).
The clinical outcomes were summarized in Table 2. Kaplan–Meier survival curves (Figure 1)
revealed that KDIGO stage 3 was associated with an increased 30-day mortality risk compared
with stage 0–2 (chi-square: 28.58, p < 0.001; 16.81, p < 0.001; 6.16, p = 0.013, respectively).

Table 2. Comparison of postoperative outcomes between patients with and without postoperative
acute kidney injury.

Characteristics AKI
(n = 63)

No AKI
(n = 53) p

Mechanical ventilation, h 43.00 (19.00, 72.00) 18.00 (15.00, 20.00) <0.001
ICU stay, d 4.00 (2.00, 6.00) 3.00 (2.00, 4.00) 0.010

Postoperative hospital stay, d 12.00 (8.00, 18.00) 9.00 (7.00, 12.50) 0.024
Pneumonia, n (%) 7.00 (11.11) 1.00 (1.89) 0.113

Re-intubation, n (%) 7.00 (11.11) 0 (0) 0.035
Hospital mortality, n (%) 8.00 (12.70) 0 (0) 0.020

ICU, intensive care unit.
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3.4. Risk Factor Analysis of Postoperative AKI

Univariate logistic regression for postoperative AKI revealed increased age, male
gender, high preoperative serum creatinine, low estimated glomerular filtration rate, ele-
vated serum uric acid, AST, total bilirubin and direct bilirubin, preoperative pulmonary
hypertension, atrial fibrillation, anemia, coronary angiogram within 2 weeks before surgery,
prolonged CPB time and aortic cross clamp time, lower level of mean arterial pressure dur-
ing CPB, urine output during CPB and surgery, the amount of red blood cells transfusion
and platelet transfusion as risk factors (all p < 0.1, Table 3). In the multivariable analysis
with a forward stepwise likelihood ratio method, high AST (OR, 1.028, 95% CI, 1.003 to
1.053, p = 0.025), coronary angiogram within 2 weeks before surgery (OR, 3.209, 95% CI,
1.307 to 7.878, p = 0.011) and CPB time (OR, 1.012, 95% CI, 1.005 to 1.019, p = 0.001) were
independent risk factors for postoperative AKI (Table 4).

Table 3. Univariate analysis of factors associated with postoperative acute kidney injury.

Variable Odds Ratio 95% CI p q-Value *

Age 1.029 (1.002–1.056) 0.033 0.042
Female sex 0.517 (0.246–1.088) 0.082 0.082

Baseline serum creatinine 1.015 (0.998–1.031) 0.076 0.080
Preoperative eGFR 0.981 (0.964–0.998) 0.028 0.041

Preoperative uric acid 1.003 (1.000–1.005) 0.020 0.038
Preoperative total bilirubin 1.042 (1.013–1.072) 0.004 0.019

Preoperative direct bilirubin 1.085 (1.023–1.151) 0.006 0.023
Preoperative aspartate aminotransferase 1.030 (1.007–1.053) 0.011 0.026

CPB duration 1.010 (1.004–1.016) 0.001 0.019
Cross-clamp time 1.011 (1.003–1.018) 0.007 0.022

CPB-MAP 0.924 (0.865–0.986) 0.017 0.036
CPB-urine output 0.995 (0.991–0.998) 0.002 0.019

Intraoperative-urine output 0.993 (0.989–0.998) 0.002 0.013
Pulmonary hypertension 2.726 (1.127–6.592) 0.026 0.045

Preoperative atrial fibrillation 2.571 (1.061–6.234) 0.037 0.044
Anemia 1.964 (0.935–4.125) 0.075 0.084

Recent (<14 days) heart catheterization 2.804 (1.312–5.992) 0.008 0.022
Red blood cells transfusion 1.088 (1.007–1.174) 0.032 0.043

Platelet transfusion 1.790 (1.070–2.996) 0.027 0.043
CI, confidence interval; eGFR, estimated glomerular filtration rate; CPB, cardiopulmonary bypass; MAP, mean
arterial pressure. * The q-values were false-discovery rate correction of p-values.

Table 4. Multivariable analysis of factors associated with postoperative acute kidney injury.

Variable Odds Ratio 95% CI p

Preoperative aspartate aminotransferase 1.028 1.003–1.053 0.025
CPB duration 1.012 1.005–1.019 0.001

Recent (<14 days) heart catheterization 3.209 1.307–7.878 0.011
CI, confidence interval; CPB, cardiopulmonary bypass.

4. Discussion

The purpose of this study was to explore the incidence and risk factors of AKI defined
by KDIGO standards in patients undergoing redo on-pump cardiac surgeries. Previous
studies have investigated risk factors for AKI after first-time cardiac surgery with CPB, but
to our knowledge, no study has explored risk factors for AKI defined by KDIGO criteria
after redo cardiac surgeries [9–11]. In the present study, the enrolled patients all underwent
redo on-pump surgery, of which valve surgery was the most performed one. We found that
in addition to coronary angiogram within 2 weeks before surgery and CPB time, a high
level of AST was also an independent risk factor for postoperative AKI.

The reported incidence of cardiac surgery-associated AKI varied from 1% to 48% [12,13].
This was probably due to different diagnostic criteria for AKI and different types of cardiac
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surgery. Recent studies have shown that the KDIGO criteria were more sensitive than
the Risk, Injury, Failure, Loss, End Stage Kidney Disease (RIFLE) or Acute Kidney Injury
Network (AKIN) criteria in detecting AKI [5,14,15]. In our study, the incidence of AKI
diagnosed with KDIGO criteria after redo cardiac surgery was high (54.31%, 63/116).
Incidence of postoperative requirement for renal replacement therapy (19.0%) in our study
was also higher than the incidence reported by previous studies on first-time cardiac
surgery (1.2–2.3%) [16,17]. We found that the mortality rate of patients who underwent
hemodialysis was 41.7%, which was close to the incidence (40–70%) reported by Nadim
et al. [15]. We also found that KDIGO stage 3 was associated with an increased 30-day
mortality risk compared with stage 0–2, which was consistent with the results of previous
studies that suggested increasing severity of AKI was associated with worse prognosis [17].

Both previous studies and our study have shown that older age, anemia, perioperative
red blood cell transfusions, and preoperative serum creatinine level were independently
associated with kidney injury [5,9,18,19]. In our study, men were more likely to develop AKI
than women, which concurred with the findings of several studies [11,16,20]. It is generally
acknowledged that cardiac surgery-associated AKI could be caused by insufficient fluid
intake resulting in renal hypoperfusion. However, no significant difference was found in
volume status within 3 days after surgery between the two groups in our study, indicating
that factors other than fluid management should be considered in the prevention of AKI
during the perioperative period.

Our study demonstrated that patients with preoperative pulmonary hypertension
had a higher incidence rate of developing AKI. Haddad and colleagues [21] identified
105 patients with pulmonary hypertension who were hospitalized for acute right-side heart
failure, finding that AKI was relatively common in patients with pulmonary hypertension,
and higher central venous pressure (CVP) was associated with an increased likelihood
of AKI. The mechanism behind this clinical finding might be that increased CVP leads to
reduced renal perfusion pressure, impairment of renal blood flow, as well as activation
of the renin–angiotensin–aldosterone and the sympathetic nervous systems, resulting in
a decrease in glomerular filtration rate (GFR) [22]. Another study showed that venous
congestion and decreased cardiac output in patients with pulmonary hypertension were
associated with impaired kidney function [23]. A retrospective study of 1119 heart surgery
patients showed that preoperative atrial fibrillation significantly increased the rate of
occurrence of AKI [24]. Other studies [25,26] have come to similar conclusions, which are
consistent with our results. Preoperative atrial fibrillation may lead to a low postoperative
cardiac output, which further contributes to development of AKI after cardiac surgery.

Studies [27–29] have shown that serum uric acid is a strong predictor for AKI inde-
pendent of baseline renal function. The possible mechanisms include the elevated serum
uric acid leading to renal vasoconstriction, impaired autoregulation, and activation of
inflammatory cascade resulting in decreased GFR. Elevated preoperative serum uric acid
in cardiac surgery patients was independently associated with an increased risk for AKI
after adjusting for type of surgery, preoperative serum creatinine, history of diabetes and
CPB time [28]. These observations are in accordance with the results of our study. Bilirubin
is the final product of heme catabolism by the liver. Excess bilirubin or hepatic dysfunction
leads to hyperbilirubinemia. Our data showed that preoperative hyperbilirubinemia was a
risk factor for AKI after surgery. Systemic inflammatory response, hepatic hypoperfusion
and CPB-induced hemolysis during cardiac surgery may disrupt bilirubin metabolism,
leading to hyperbilirubinemia. Bilirubin acts as an antioxidant at physiological concentra-
tion, but abnormally high concentrations of bilirubin can cause oxidative stress and cell
apoptosis [30]. It has been suggested that hyperbilirubinemia could induce apoptosis in
renal tubular epithelial cells and aggravate renal ischemia reperfusion injury [31].

Multivariate analysis revealed high AST, coronary angiogram within 2 weeks before
surgery and CPB time as independent risk factors for postoperative AKI in the present study.
A number of recent works [5,11,16,18,19,32,33] demonstrated that prolonged CPB time and
preoperative angiography were independent risk factors for AKI. Cardiopulmonary bypass
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contributes to AKI because of red blood cell hemolysis and the systemic inflammatory
response syndrome. A crucial point that influences these pathways is represented by the
CPB time. In a recent study [19], researchers found that 91 min of CPB time was found as
the threshold above which the risk for AKI started to increase significantly. One interesting
finding of our study was that an increased AST was associated with an increased risk of
AKI. AST is mainly found in the mitochondria of liver cells, but could also be found in the
heart, skeletal muscle, lungs, brain and kidneys [34]. In extrahepatic tissues, AST is mainly
released by cardiomyocytes, and myocardial injury preoperatively could lead to an increase
in AST [35], which may explain the correlation between high AST and AKI, as myocardial
injury is a recognized risk factor for AKI. However, alanine aminotransferase (ALT) is only
present in the liver cells, which might be the reason why no correlation was found between
ALT and AKI in this study. However, there are limitations of the analysis in adjusting for
confounding factors. The non-linearity for the relationship between covariates and AKI
should also be considered.

5. Limitations

This study is subject to the limitations inherent in a retrospective analysis of observa-
tional data. The validity of this study is limited because of the small samples and limited
durations of clinical follow-up in a single institution, and it is insufficient to draw a definite
conclusion. There might be residual bias and unconsidered confounding factors, and causal-
ity could not be determined. Secondly, only the medical records during hospitalization
were collected and analyzed, and therefore, no sufficient data was available to elucidate
the long-term prognosis for post-redo cardiac surgery AKI patients. Future prospective
studies on a larger scale are needed to further investigate the risk factors and prognosis of
postoperative AKI among redo cardiac surgery patients.

6. Conclusions

This study explored the preoperative and intraoperative risk factors of AKI. The inci-
dence of postoperative AKI was high in patients with redo cardiac surgery using CPB. High
AST, coronary angiogram within 2 weeks before surgery and CPB time were associated
with postoperative AKI. Our findings are helpful in early identification of patients with a
high risk of postoperative AKI, who may benefit from appropriate perioperative support
and clinical care.
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