"\' frontiers ‘ Frontiers in Cardiovascular Medicine

") Check for updates

OPEN ACCESS

EDITED BY
Matijs Van Meurs,

University Medical Center Groningen,
Netherlands

REVIEWED BY

Qi Pan,

Peking University, China

Gareth Denyer,

The University of Sydney, Australia

*CORRESPONDENCE
Pei Yu
peiyu@tmu.edu.cn

These authors have contributed equally to this
work

SPECIALTY SECTION
This article was submitted to Heart Surgery, a
section of the journal Frontiers in
Cardiovascular Medicine

RECEIVED 26 November 2022
ACCEPTED 21 February 2023
PUBLISHED 08 March 2023

CITATION

Fan X, Shao Z, Gao S, You Z, Huo S, Zhang Z,
Li Q, Zhou S, Yan L, Shao F and Yu P (2023)
Clinical characteristics and risk factors of
cardiac surgery associated-acute kidney injury
progressed to chronic kidney disease in adults:
A retrospective, observational cohort study.
Front. Cardiovasc. Med. 10:1108538.

doi: 10.3389/fcvm.2023.1108538

COPYRIGHT

© 2023 Fan, Shao, Gao, You, Huo, Zhang, Li,
Zhou, Yan, Shao and Yu. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Cardiovascular Medicine

Original Research
08 March 2023
10.3389/fcvm.2023.1108538

Clinical characteristics and risk
factors of cardiac surgery
associated-acute kidney injury
progressed to chronic kidney
disease in adults: A retrospective,
observational cohort study

Xiaoguang Fan'**, Zehua Shao®, Suhua Gao'*®, Zhenzhen You’,
Shuai Huo®, Zhu Zhang®, Qiuhong Li*’, Saijun Zhou', Lei Yan’,
Fengmin Shao’ and Pei Yu"**

*NHC Key Laboratory of Hormones and Development, Chu Hsien-1 Memorial Hospital and Tianjin Institute
of Endocrinology, Tianjin Medical University, Tianjin, China, ?Tianjin Key Laboratory of Metabolic Diseases,
Tianjin Medical University, Tianjin, China, *Department of Nephrology, Henan Provincial People’s Hospital,
Department of Nephrology of Central China Fuwai Hospital, Central China Fuwai Hospital of Zhengzhou
University, Zhengzhou, China, “Heart Center of Henan Provincial People’s Hospital, Central China Fuwai
Hospital, Central China Fuwai Hospital of Zhengzhou University, Zhengzhou, China, *Department of
Nephrology, Henan Provincial People’s Hospital, Henan Key Laboratory for Renal Immunity, People’s
Hospital of Zhengzhou University, Zhengzhou, China

Introduction: To retrospectively investigate the clinical characteristics and risk
factors of cardiac surgery associated-acute kidney injury (CS-AKI) progressed to
chronic kidney disease (CKD) in adults and to evaluate the performance of
clinical risk factor model for predicting CS-AKI to CKD.

Methods: In this retrospective, observational cohort study, we included patients who
were hospitalized for CS-AKI without a prior CKD [estimated glomerular filtration rate
(€GFR) <60 ml - min~1.73 m™?] at Central China Fuwai Hospital from January 2018
to December 2020. Survived patients were followed up for 90 days, the endpoint was
CS-AKI to CKD, and then divided them into two groups (with or without CS-AKI to
CKD). The baseline data including demographics, comorbidities, renal function, and
other laboratory parameters were compared between two groups. The logistic
regression model was used to analyze the risk factors for CS-AKI to CKD. Finally,
receiver operator characteristic (ROC) curve was drawn to evaluate the
performance of the clinical risk factor model for predicting CS-AKI to CKD.
Results: We included 564 patients with CS-AKI (414 males, 150 females; age: 57.55 +
11.86 years); 108 (19.1%) patients progressed to new-onset CKD 90 days after CS-AKI.
Patients with CS-AKI to CKD had a higher proportion of females, hypertension,
diabetes, congestive heart failure, coronary heart disease, low baseline eGFR and
hemoglobin level, higher serum creatinine level at discharge (P < 0.05) than those
without CS-AKI to CKD. Multivariate logistic regression analysis revealed that
female sex(OR = 3.478, 95% CI: 1.844-6.559, P =0.000), hypertension (OR = 1.835,
95% CI: 1.046-3.220, P=0.034), coronary heart disease (OR=1779, 95% CI:
1.015-3.118, P =0.044), congestive heart failure (OR =1.908, 95% CI: 1.124-3.239,
P =0.017), preoperative low baseline eGFR (OR = 0.956, 95% CI: 0.938-0.975, P =
0.000), and higher serum creatinine level at discharge (OR =1.109, 95% CI: 1.014-
1.024, P =0.000) were independent risk factors for CS-AKI to CKD. The clinical risk
prediction model including female sex, hypertension, coronary heart disease,
congestive heart failure, preoperative low baseline eGFR, and higher serum
creatinine level at discharge produced a moderate performance for predicting CS-
AKI to CKD (area under ROC curve = 0.859, 95% CI: 0.823-0.896).

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2023.1108538&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fcvm.2023.1108538
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1108538/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1108538/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1108538/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1108538/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1108538/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1108538/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://doi.org/10.3389/fcvm.2023.1108538
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Fan et al.

10.3389/fcvm.2023.1108538

Conclusion: Patients with CS-AKl are at high risk for new-onset CKD. Female sex,
comorbidities, and eGFR can help identify patients with a high risk for CS-AKI to CKD.
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cardiac surgery associated-acute kidney injury, chronic kidney disease, risk factors, prediction, clinical

characteristics

Introduction

Acute kidney injury (AKI) is considered an emerging health
problem due to its high incidence, mortality, and disability rate
worldwide (1). The incidence of AKI in hospitalized patients is
11.6% (2). Furthermore, AKI is associated with increased long-
term poor outcomes such as chronic kidney disease (CKD) and
end-stage renal disease (3-6). Cardiac surgery related-acute
kidney injury (CS-AKI) is a common serious complication in
patients after cardiac surgery. Moreover, AKI occurs in up to
30% of patients who undergo cardiac surgery; even a slight
increase in the postoperative serum creatinine level increases
hospital costs and mortality (7). A strong association exists
between the severity of AKI and its later progression to CKD.
Moreover, even a slight increase in the postoperative serum
creatinine levels is significantly associated with an increased risk
of subsequent CKD and CKD progression (8-11), which
seriously affects the prognosis of patients who undergo cardiac
surgery and is associated with adverse outcomes, such as
prolonged hospital stay, progression to CKD, and even dialysis
dependence (12). Systematic evaluation of renal function recovery
3 months or even longer after the onset of AKI helps judge the
prognosis of patients and early prevention and treatment of CKD
(13, 14). The current research on CS-AKI mainly focuses on the
evaluation of risk factors, the establishment of prediction models,
and the occurrence and short-term consequences of AKI (in-
hospital death and hemodialysis). Few small-sample studies on
the long-term prognosis of CS-AKI progression to CKD are
available. Therefore, our study established a retrospective cohort
of hospitalized patients with CS-AKI, took the progression to
CKD 90 days after the occurrence of CS-AKI as the research
endpoint, paid attention to the clinical characteristics and related
risk factors of progression to CKD after the occurrence of CS-
AKI, and established a clinical risk prediction model for CS-AKI
progression to CKD. The evaluation of its predictive performance
can help identify high-risk patients with CS-AKI progressing to
CKD, provide early intervention for subsequent renal monitoring
and treatment, and reduce the risk of the special group of
patients who develop CKD after CS-AKI.

Methods

1. Subjects and groups: In this retrospective, observational cohort
study, we included patients who underwent cardiac surgery
(coronary bypass, valve replacement, coronary bypass
combined with valve replacement surgery, and type A aortic
dissection surgery) at Central China Fuwai Hospital from
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January 2018 to December 2020, had CS-AKI events after
surgery and without a prior CKD (eGFR <60 ml
min~"-1.73 m™?), survived and were discharged from hospital
and followed up for >90 days. Patients aged >18 years who
met the diagnostic criteria for AKI in the 2012 AKI diagnosis
and treatment guidelines of the Kidney Disease Improvement
Organization (KDIGO) in 2012 (15) without a prior CKD
(eGFR <60 ml - min~".1.73 m™) were included. The patients
with CS-AKI who survived and were discharged from the
hospital were followed up for at least 90 days after discharge.
Patients with a baseline eGFR of <60 ml - min™' - 1.73 m™%
previous history of CKD; positive proteinuria; preoperative
diagnosis of AKI based on CKD (A on C); urinary tract
infection; and obstruction or malignant tumor and pregnant
women were excluded. The patients were divided into two
groups based on whether they progressed to CKD 90 days
after the occurrence of CS-AKI: CS-AKI-CKD and CS-AKI-
NCKD groups. The study protocol was approved by the
Ethics Committee on Oct. 9, 2020 (No.136) in Henan
Provincial People’s Hospital. The patients provided their
written informed consent to participate in this study.
Diagnosis and staging of AKI (1): According to the (Kidney
Disease Improving Global Outcomes, KDIGO) 2012 AKI
diagnosis and treatment guidelines (15) serum creatinine
criteria, the diagnosis of AKI can be made based on one of
the following conditions: a. Serum creatinine level rises to
>26.5 pumol/L (0.3 mg/dl) within 48 h and b. 7-day internal
serum creatinine level increased to >1.5 times the baseline
level (2). KDIGO2012 AKI staging criteria (15): AKI stage 1:
serum creatinine increased to 1.5-1.9 times the baseline level
or increased by >26.5 pmol/L; AKI stage 2: serum creatinine
increased to 2.0-2.9 times the baseline level; AKI stage 3:
serum creatinine increased to >3 times the baseline level or
>354 umol/L; or renal replacement therapy was started.
Clinical data collection and patient follow-up: After enrolling
the patients, we collected their basic information:
demographic data, history of preoperative comorbidities, such
as heart failure(defined as NYHA functional Class II or
greater) hypertension, previous myocardial infarction,
diabetes mellitus(use of oral glucose-lowering agents or
insulin), cerebrovascular disease, peripheral vascular disease,
chronic obstructive pulmonary disease(COPD), previous heart
surgery; and medications, and physical examination findings;
left ventricular ejection fraction(LVEF) level, glycosylated
hemoglobin(%), serum creatinine(pmol/L); hospitalization
measures; surgical methods, including coronary artery bypass
grafting, valve replacement, coronary artery bypass grafting
combined with valve replacement, and aortic dissection type
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A aortic arch replacement; operation time; intraoperative blood
loss; whether to perform cardiopulmonary bypass(CPB), intra-

aortic balloon pump(IABP)use, or continuous renal
replacement therapy(CRRT) after the operation; blood
transfusion within 14 days; occurrence of infection;

occurrence of atrial fibrillation; and ventilator-assisted
ventilation time. For those who survived CS-AKI and were
discharged, the serum creatinine level 90 days after the
occurrence of CS-AKI was followed up through regular
outpatient clinics and telephone calls; eGFR was calculated
based on the creatinine levels using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation (16).
Study endpoint: The primary endpoint of this study was the
progression of CS-AKI to CKD, which was defined as eGFR
<60ml - min~! - 1.73 m~2 at 90 days after the onset of AKI,
according to the KDIGO 2012 AKI diagnosis and treatment
guidelines (15).

Statistical methods: Statistical Package for Social Science (SPSS)
for Windows, version 20(SPSS Inc., Chicago, IL, USA) was used
for statistical analysis. Measurement data were tested for
normality: normally distributed data were expressed in the
form of x+s and non-normally distributed data were
expressed in the form of M (1/4, 3/4). The independent
samples t-test (normal distribution) was used for comparison
between the two groups; the Mann-Whitney U test was used
for non-normal distribution. Count data or rank data were
expressed as frequency and percentage (%). The Pearson chi-
square test or corrected chi-square test was used for
comparison between the two groups. The clinical influencing
factors of CS-AKI progression to CKD were analyzed using
the univariate logistic regression analysis; the indexes with P
<0.05 in the results were included in the multivariate logistic
regression model by stepwise method to find independent
risk factors that could predict the progression of CS-AKI to
CKD. The Hosmer-Lemeshow method was used to test the
goodness of fit and stability of the logistic regression model,
and P>0.05 was regarded as an acceptable model. The area
under the receiver operating characteristic curve was used to
assess the predictive power of the clinical risk prediction
model for progression from CS-AKI to CKD.

Results

1.

Baseline clinical characteristics of patients: In this study, we
included 794 inpatients with CS-AKI. Of these, 77 patients
had CKD before surgery, 1 patient had a malignant tumor,
125 patients died within 30 days after the occurrence of CS-
AKI, and 27 cases did not have follow-up data for 90 days
after surgery. Thus, after excluding these patients, 564 cases
were finally included [414 males and 150 females, age:
57.55+11.86 years]; 108 (19.1%) patients progressed to CKD
within 90 days after the occurrence of CS-AKI. Patients with
CS-AKI progressing to CKD were older and had a higher
proportion of females; hypertension, diabetes, congestive
heart failure, and coronary heart disease; preoperative use of
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angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers, calcium ion channel blockers, and beta-
blockers; and preoperative low baseline eGFR, preoperative
low hemoglobin level, and higher serum creatinine level at
discharge (P <0.05) than those without CS-AKI progressing
to CKD, as shown in Table 1. No significant differences were

TABLE 1 Comparison of baseline clinical characteristics of patients in CS-
AKI-CKD group and CS-AKI-NCKD group.

Variable CS-AKI-CKD n
(n=456) (n=108)

Age (y) 58 (49,65.75) 64 (56,68) 0.000

Female [n (%)] 109 (23.9) 41 (38.0) 0.003

Preoperative hypertension [n (%)] 234 (51.3) 73 (67.6) 0.002

Preoperative diabetes [1n (%)] 48 (10.5) 22 (20.4) 0.005

Preoperative coronary heart disease 109 (23.9) 48 (44.4) 0.000

[n (%)]

Preoperative congestive heart failure 154 (33.8) 51 (47.2) 0.009

[n (%)]

Preoperative cerebrovascular disease 56 (12.3) 17 (15.7) 0.335

[n (%)]

Preoperative peripheral vascular 10 (2.2) 2 (1.9) 0.825

disease [n (%)]

Preoperative COPD [n (%)] 13 (2.9) 4 (3.7) 0.641

Preoperative use of ACEI/ARB 122 (26.8) 42 (38.9) 0.013

[n (%)]

Preoperative use of beta-blockers 214 (46.9) 75 (69.4) 0.000

[n (%)]

Preoperative use of calcium blockers 129 (28.3) 41 (38.0) 0.049

[n (%)]

Preoperative use of diuretics [1n (%)] 277 (60.7) 71 (65.7) 0.337

Intra-aortic balloon counterpulsation 54 (11.8) 12 (11.1) 0.832

[n (%)]

Operation time(min) 420 (340,515) 405 (335,465) | 0.054

Intraoperative blood loss(ml) 600 (350,900) 525 (312.5,800) | 0.273

Body mass index (kg/mz) 254 (22.9,27.7) | 25.1 (23.5,28.5) | 0.453

Systolic blood pressure(mmHg) 128.5 (117,142) 133 (120,148) | 0.033

Diastolic blood pressure(mmHg) 78 (69,87.8) 80 (70,88.8) 0.184

Mean arterial pressure(mmHg) 94 (86.7,105) 96.5 (90,107.7) | 0.050

Preoperative ejection fraction (%) 58 (54,63) 57 (51,61) 0.034

Preoperative hemoglobin (g/L) 131 (118,144) 125.5 (113,137) | 0.009

Preoperative albumin (g/L) 40.5 (37.8,42.9) | 40.1 (37.3,42.9) | 0.573

Preoperative blood urea nitrogen 6.40 (5.10,8.08) | 6.90 (5.63,8.35) | 0.044

(mmol/L)

Preoperative serum creatinine 77.8 (67.7,91.7) | 85.0 (72.0,98.8) | 0.001

(umol/L)

Preoperative serum uric acid 353 (289,428) 371.5 0.425

(mmol/L) (280.5,451.3)

Baseline eGFR (ml - min™" - 93.1 (80.1,102.2) | 78.6 (68.8,91.6) | 0.000

1.73m™)

AKI stage 1[n (%)] 117 (25.6) 21 (19.4) 0.306

Stage 2[n (%)] 196 (43) 54 (50)

Stage 3[n (%)] 143 (31.4) 33 (30.6)
Postoperative mechanical ventilation 3,750 (1,985, 2,610 (1,820, | 0.075
time(min) 6,220) 5,475)

Reoperation within 24 h after surgery 22 (4.8) 5 (4.6) 0.832
[n (%)]

Postoperative CRRT [n (%)] 45 (9.9) 13 (12) 0.505
Postoperative atrial fibrillation [n (%)] 36 (7.9) 11 (10.2) 0.439
Blood transfusion within 14 days 323 (70.8) 78 (72.2) 0.775
after surgery [n (%)]

Postoperative infection [n (%)] 421 (92.3) 103 (95.4) 0.268
Serum creatinine at discharge 86.8(68.6,107.9) 137.5 0.000

(110.0,166.5)

ACEI/ARB, angiotensin converting enzyme inhibitors and angiotensin receptor
blockers.
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observed between the two groups with respect to other
the
cerebrovascular disease, peripheral vascular disease, COPD,

indicators, including proportion of preoperative
diuretic use, CRRT, blood transfusion within 14 days after
surgery, postoperative infection, atrial fibrillation; the AKI
classification; the duration of mechanical ventilation; the
reoperation rates for bleeding within 24 h after surgery, and
other laboratory indicators (Table 1).

Risk factors for the progression to CKD in patients 90 days after
the occurrence of CS-AKI: Clinical factors were used as
predictors; the end point of the study was progression to
CKD in patients 90 days after the occurrence of CS-AKI. The
results of univariate logistic regression analysis showed that
the progression of CS-AKI to CKD was associated with older
age; female sex; combined hypertension, diabetes, coronary
heart disease, congestive heart failure; high mean arterial
pressure on admission; preoperative use of beta-blockers;
preoperative low hemoglobin level, preoperative low baseline
eGFR, high blood creatinine level at discharge; and other
factors (Table 2). Incorporating the abovementioned factors
into multivariate logistic regression analysis, the results
showed that female sex, preoperative hypertension, coronary
heart disease, congestive heart failure, preoperative low
baseline eGFR, and higher serum creatinine level at discharge
were independent risk factors associated with progression
from CS-AKI to CKD (Table 3).

The efficacy of the clinical risk prediction model to predict the
progression of CS-AKI to CKD: We selected the independent
risk factors associated with the progression of CS-AKI to
CKD in the multivariate regression analysis results (female
sex, preoperative hypertension, coronary heart disease,
congestive heart failure, preoperative low baseline eGFR, and
higher serum creatinine level at discharge), including age,
diabetes, hemoglobin level, mean arterial pressure, and other
clinical factors to establish a comprehensive clinical risk
prediction model. The regression model had good goodness
of fit (Hosmer-Lemeshow test, chi-square level 5.693, P=

0.682); the area under the receiver operating characteristic

TABLE 2 Influencing factors of progression to CKD in patients 90 days

after CS-AKI (univariate logistic regression analysis).

Influencing factors OR (95%Cl) P

Age(year) 1.045 (1.023,1.067) 0.000
Gender (female/male) 1.948 (1.249,3.038) 0.003
Preoperative hypertension(Y/N) 1.979 (1.271,3.081) 0.003
Preoperative diabetes(Y/N) 2.174 (1.247,3.790) 0.006
Preoperative congestive heart failure(Y/N) 1.755 (1.147,2.683) 0.009
Preoperative coronary heart disease(Y/N) 2.547 (1.646,3.940) 0.000
Preoperative use of ACEI/ARB(Y/N) 1.742 (1.123,2.702) 0.013
Preoperative use of beta-blockers(Y/N) 2.570 (1.641,4.026) 0.000
Mean arterial pressure on admission(mmHg) 1.014 (1.001,1.027) 0.034
Preoperative ejection fraction (%) 0.977 (0.955,0.999) 0.042
Preoperative hemoglobin(g/L) 0.988 (0.978,0.998) 0.021
Preoperative serum creatinine(umol/L) 1.021 (1.008,1.033) 0.001
Baseline eGFR (ml - min~' - 1.73 m72) 0.949 (0.934,0.964) 0.000
Serum creatinine at discharge(umol/L) 1.017 (1.013,1.022) 0.000
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TABLE 3 Influencing factors of progression to CKD in patients 90 days
after CS-AKI (multivariate logistic regression analysis).

Influencing factors OR (95%Cl) P

Gender (female/male) 3.478 (1.844,6.559) 0.000
Preoperative hypertension (Y/N) 1.835 (1.046,3.220) 0.034
Preoperative coronary heart disease(Y/N) 1.779 (1.015,3.118) 0.044
Preoperative congestive heart failure(Y/N) 1.908 (1.124,3.239) 0.017
Baseline eGFR (ml - min~' - 1.73 m™?) 0.956 (0.938,0.975) 0.000
Serum creatinine at discharge(umol/L) 1.019 (1.014,1.024) 0.000

curve for predicting progression from CS-AKI to CKD was
0.859 [95% confidence interval (CI): 0.823-0.896, P =0.000],
the sensitivity was 75.9%, the specificity was 82.2%, and the
accuracy rate was 58.2% (shown in Figure 1).

Discussion

The results of our study showed that 19.1% of patients with CS-
AKI developed CKD (eGFR < 60 ml - min™" - 1.73 m™?) in 90 days
after the occurrence of CS-AKI, which is consistent with the result
of previous study (17). Patients with CS-AKI progressing to CKD
were older and had a higher proportion of females; hypertension,
diabetes, congestive heart failure, and coronary heart disease;
preoperative use of angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers, calcium ion channel blockers, and
beta-blockers; and preoperative low baseline eGFR, preoperative
low hemoglobin level, and higher serum creatinine level at
discharge than those without CS-AKI progressing to CKD.
Multivariate logistic regression analysis showed that female sex,

ROC curve
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FIGURE 1

Clinical prediction model (ROC curve) for the progression of chronic
kidney disease in patients 90 days after CS-AKI. Note: The Goodness
of Fit Hosmer-Lemeshow test, Chi-square value 5.693, P=0.682,
cutoff value = 0.226, Ny < cutorr = 401, Np > cutofr = 163.
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preoperative hypertension, coronary heart disease, congestive heart
failure, preoperative low baseline eGFR, and higher serum
creatinine level at discharge were independent risk factors for
CS-AKI progressing to CKD (18). The clinical risk prediction
model that included factors, such as older age; female sex;
diabetes,
high mean arterial

combined hypertension, coronary heart disease,

congestive heart failure; pressure on
admission; preoperative use of beta-blockers; preoperative low
hemoglobin level, preoperative low baseline eGFR, high blood
creatinine level at discharge; and other factors, produced a
moderate performance for predicting CS-AKI progression to
CKD (area under receiver operator characteristic curve =0.859,
95% CI: 0.823-0.896, P =0.000), which is similar to the results of
previous studies (19, 20).

Our study showed that the female sex is a risk factor for the
progression of CS-AKI to CKD [odds ratio (OR)=3.478],
considering the possible reason that the ability of females to
withstand major surgeries may be lower than that of males. This
is similar to the conclusion that women have a significantly
higher risk of progression to CKD after AKI than men from
the Kidney Int (21) and JAMA (14), even incorporating it into
the predictive scoring system as a reference variable for the
progression to CKD after AKI (14).

Next, the results of our study showed that preoperative
complications such as hypertension, coronary heart disease, and
congestive heart failure are risk factors for the progression to
CKD after CS-AKI. The surgical procedures used in our study
population mainly included coronary artery bypass grafting, valve
replacement or coronary artery bypass grafting combined with
valve replacement, aortic arch replacement for Stanford type A
aortic dissection, and a small number of other cardiac surgeries.
It should be noted that coronary heart disease and coronary
artery bypass grafting, congestive heart failure and valve
replacement, and hypertension and aortic dissection (Stanford
type A) aortic arch replacement have a more direct association.
Cardiac surgery in patients with congenital heart disease is
associated with an increased risk of AKI and CKD (21); some of
these patients even have chronic heart failure. However, there are
few reports in the literature regarding coronary heart disease and
congestive heart failure as risk factors for CS-AKI progression to
CKD. AKI is a common clinical complication associated with
poor prognosis (22). Furthermore, a meta-analysis of AKI issues
in type I cardiorenal syndrome found that nearly 1/4 of patients
developed AKI, approximately 3% required renal replacement
therapy, patients with acute heart failure had the highest
incidence of AKI, and cardiac surgery patients had the greatest
impact on mortality (23); however, there are no reports on long-
term CKD. Our study is similar to previous ones in that the
current literature or guidelines all believe that hypertension is a
risk factor for the occurrence and development of CKD (24).
Moreover, regarding preoperative comorbidities, patients with
diabetes have a higher risk of AKI and CKD (25). The univariate
logistic analysis results in our study showed that diabetes was a
risk factor for CS-AKI to CKD; however, the results of the
multivariate logistic analysis showed no statistical difference. The
possible reason was that the patients included in the study might
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have both diabetes and coronary artery disease. There was a
certain correlation between the two factors, but we still included
diabetes as a risk factor in the final clinical risk prediction
model; the prediction performance of this model was moderate.

In addition, our study identified preoperative low baseline
eGFR and higher serum creatinine levels at discharge as risk
factors for the development of CS-AKI to CKD, which is
consistent with the previous reports in the literature (14, 17, 20).
The baseline eGFR represents the patient’s renal function reserve,
and the serum creatinine level at discharge represents the
patient’s recovery after CS-AKI. The higher the serum creatinine
level at discharge, the bigger the risk of developing CKD after 90
days after CS-AKI.

Some large-scale clinical retrospective studies have confirmed
that AKI significantly increases the risk of subsequent CKD and
end-stage renal disease in patients (4, 26). Therefore, KDIGO’s
2012 AKI clinical practice guidelines pointed out that patients
with AKI without CKD should also be regarded as a higher-risk
group for CKD. It is recommended to evaluate the renal function
of patients 90 days after the symptoms of AKI are relieved to
determine whether there is a new development of CKD (15).
Our study observed that 19.1% of patients developed CKD 90
days after the occurrence of CS-AKI, which was significantly
higher than the 10.8% of the general population in China (27).
Previous studies have similarly suggested that delayed AKI
recognition is an independent risk factor for increased in-
hospital mortality and that renal referral is an independent
protective factor for AKI under-recognition and death (18). Our
study further confirms that even if CS-AKI recovers, there are
still patients who progress to CKD after 90 days, indicating that
special attention should be paid to the evaluation of renal
function and timely intervention after 90 days and increase
kidney referrals to reduce the risk of conversion to CKD in the
CS-AKI population.

Our study has the following advantages: First, the study
population was relatively pure, including patients with CS-AKIJ;
there are few clinical studies on the risk factors of CS-AKI
progression to CKD, thus focusing on CS-AKI conversion to
CKD has a special clinical guiding value. Second, this was a
retrospective, observational cohort clinical study. The research
endpoint of CS-AKI progression to CKD was formulated in
accordance with international guidelines. The research team
collected complete baseline data; preoperative, intraoperative, and
postoperative data; and primary endpoint data to ensure the
scientificity of the study and the reliability of the conclusions.

Study limitations

There are some limitations of this study: (1) In a
retrospective clinical study, there are no 90-day follow-up data

for some patients, and some patients have incomplete

preoperative  detection indicators, such as cystatin = G,

hemoglobin Alc, and N-terminal-pro hormone BNP; however,
these
multivariate analyses in this study and (2) Patients without

indicators were not included for univariate and
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AKI after cardiac surgery were not included for comparison to
analyze the occurrence of CKD in this population.

Conclusion

In conclusion, patients with CS-AKI are a higher risk group for
new-onset CKD, and a comprehensive clinical risk prediction
model consisting of sex, disease status, and preoperative eGFR
can help identify high-risk patients with CS-AKI progressing to
CKD; however, further perspective, multicenter, and long-term
follow-up studies are needed to observe its long-term impact and
predictive power on CKD.
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