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Objective: To investigate the changes and significance of perioperative expression levels of kidney injury molecule-1 (KIM-1), 
neutrophil gelatinase-related lipocalin (NGAL), and heme oxygenase-1 (HO-1) in patients with acute kidney injury (AKI) after cardiac 
valve replacement under cardiopulmonary bypass.
Methods: A total of 80 patients were divided into the AKI group and non-AKI group based on the postoperative occurrence of AKI. 
The expression levels of urinary KIM-1, NGAL, serum creatinine, urea nitrogen, and HO-1 were compared between the two groups 
before surgery and at 12 h, 24 h, and 48 h after surgery.
Results: There were 22 patients with postoperative AKI (AKI group), the incidence of postoperative AKI were 27.5%, and there were 
58 patients without AKI (non-AKI group). There was no significant difference in general clinical data between the two groups (P > 
0.05). Compared between AKI group and preoperative group, KIM-1, NGAL, HO-1, blood creatinine, and BUN levels were 
significantly increased, with significant differences (P < 0.05). Compared with non-AKI groups, KIM-1, NGAL, HO-1, blood 
creatinine, and blood urea nitrogen levels increased at all time points, but the difference was not significant (P > 0.05). Compared 
with AKI group and non-AKI group, KIM-1, NGAL, HO-1, blood creatinine, and BUN levels increased significantly, the differences 
were statistically significant (P < 0.05).
Conclusion: AKI can easily occur after cardiac valve replacement and postoperative expression levels of KIM-1, NGAL, and HO-1 
can be early warning indicators of postoperative AKI.
Keywords: acute kidney injury, cardiac valve replacement, heme oxygenase-1, kidney injury molecule-1, neutrophil gelatinase- 
associated lipocalin

Background
With the development of medical technology, cardiac valve replacement surgery skills have been increasingly improved, 
and the proportion of minimally invasive and off-pump heart surgery has increased.1 While valvular heart disease can be 
resolved by surgery, the occurrence of postoperative acute kidney injury (AKI) cannot be ignored. Studies have shown 
that the incidence of AKI after cardiac surgery is 8.9%–40.2%.2–5 Many factors affect the development of AKI after 
cardiac surgery, including exposure to exogenous (drug) and endogenous toxins, ischemia/reperfusion injury, hemody-
namic changes of renal vascular embolization, neuroendocrine activation, metabolic factors, inflammation and oxidative 
stress. Before cardiac surgery, patients often use potential nephrotoxic drugs, such as antibiotics, non-steroidal anti- 
inflammatory drugs (aspirin), angiotensin-converting enzyme inhibitors, angiotensin receptor antagonists, and intrave-
nous contrast agents. Among them, NSAIDs damage renal blood flow self-operative use of intravenous contrast agents 
increases the risk of perioperative AKI. Before surgery, many patients undergoing cardiac surgery will experience one or 
more hypotension, which causes endothelial damage, endothelin, angiotensin and catecholamine local release, causing 

Journal of Inflammation Research 2023:16 2755–2761                                                     2755
© 2023 Zhang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 27 February 2023
Accepted: 9 June 2023
Published: 30 June 2023

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


renal vasoconstriction, aggravate ischemia and blood pump used in CPB cause mechanical damage to the blood, 
contribute to the production of oxidative stress and systemic inflammatory response.6

However, in general, clinical judgment of AKI is only based on urine volume, serum creatinine (SCr), and blood urea 
nitrogen (BUN) levels, which are not sufficiently sensitive for the early diagnosis of AKI and lack specificity. In recent 
years, increasing attention has been paid to sensitive indicators for early diagnosis of AKI, which can be used to evaluate 
whether the renal function is damaged and to intervene in the protection of renal function. Several studies have reported 
on the role of kidney injury molecule-1 (KIM-1), neutrophil gelatinase-associated lipocalin (NGAL), and heme 
oxygenase-1 (HO-1) in the early diagnosis of AKI after cardiac surgery.7,8 KIM-1 is a protein greatly expressed in the 
tubular epithelial cells during renal dysfunction, and in the kidney self-repair sustained high expression and released into 
the urine and blood, released more in the urine, directly promote the removal and regeneration of the tubular necrotic 
cells, under normal circumstances it is important that the kidney tissue does not express KIM-1. NGAL is a sensitive 
tissue marker of renal tubular injury. It was initially found in activated neutrophils, and NGAL is expressed at low levels 
in human organs, such as kidney, lung, stomach, and colon. It is one of the most prominent genes with elevated 
expression levels in kidney injury, appearing very early in AKI caused by ischemic injury or nephrotoxicity.

In patients with AKI after cardiac surgery, urinary NGAL levels began to increase at 2 h, at 6 h reaching a peak after 
CPB. NGAL is a glycoprotein released by damaged renal tubular cells, a sensitive product of clinical and subclinical 
AKI, and NGAL is stored in the granules of mature neutrophils. It has early diagnosis of AKI in many different clinical 
settings.

In this study, we analyzed the perioperative expression levels of KIM-1, NGAL, and HO-1 in patients with AKI after 
cardiopulmonary bypass (CPB) cardiac valve replacement. We explored their early diagnostic value for AKI after cardiac 
valve replacement.

Materials and Methods
Research Materials and Subgroups
In this study, we enrolled 80 patients diagnosed with rheumatic valvular heart disease in the Department of 
Cardiovascular Surgery of our hospital from January 2022 to December 2022.

Inclusion criteria: (1) Diagnosis of rheumatic heart disease, with indications for cardiac valve replacement surgery. (2) 
Signed consent form for cardiac valve replacement surgery. (3) Based on the pre-operation cardiac color Doppler 
ultrasound, the patients underwent either aortic valve replacement, mitral valve replacement, or double valve replacement.

Exclusion criteria: (1) Age greater than 70 years old. (2) Preoperative diagnosis of infective endocarditis. (3) 
Secondary valve replacement surgery. (4) Acute and chronic renal insufficiency or existence of combined chronic 
renal disease before the operation. (5) Preoperative administration of drugs that affect renal function. (6) Secondary 
transfer and thoracotomy during the operation. (7) Death occurring during or within 48 hours after the operation.

The patients were divided into the AKI group and non-AKI group based on the occurrence of postoperative AKI. The 
expression levels of urinary KIM-1, NGAL, HO-1, SCr, and BUN in patients between the two groups before the 
operation and at 12 h, 24 h, and 48 h after the operation, were compared, and the early diagnostic value for postoperative 
AKI discussed. This study was approved by the Hospital Ethics Committee, all enrolled patients signed an informed 
consent form, and the type of valve replacement surgery (biological valve/mechanical valve) was selected by the patients 
and their families.

Diagnostic Criteria of AKI:
“The Guide to Clinical Practice of KDIGO Acute Kidney Injury, 2012” was adopted for the diagnosis and staging of 
AKI,9,10 which was defined as: an increase in SCr level within 48 h ≥ 26.5 umol/L (0.3 mg/mL), or SCr level exceeds 1.5 
times or more of the baseline value, and the above conditions are explicit or inferred to occur within 7 days, or urine 
volume < 0.5 mL/(kg h) for 6 h. AKI is diagnosed in patients with any one of the above conditions.
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Collection of General Clinical Data and Test Data
(1) The age, gender, body weight, past medical history, cardiac valve surgical methods, and perioperative (pre-operation, 
12 h, 24 h, and 48 h post-operation) urinary KIM-1, NGAL, HO-1, SCr, and BUN levels of selected patients were 
collected. At each point during the perioperative period, 5 mL venous blood and 10 mL urine were collected, centrifuged, 
and stored in a refrigerator at −80°C. (2) Experimental methods: All samples were tested in the central laboratory of our 
hospital. NGAL and KIM-1 in urine samples were tested by enzyme-linked immunosorbent assay (ELISA), and HO-1, 
SCr, and BUN were determined by an automatic biochemistry analyzer.

Statistical Methods
The statistical analysis was performed by another blinded statistician using SPSS 19.0 software. The measurement data 
were expressed as mean ± standard deviation (χ�s), and the t-test was used for statistical analysis. The countable data 
were expressed as percentages or rates. X2-test was used for statistical analysis, and the Fisher’s exact probability method 
was adopted for those that did not meet the condition. P < 0.05 was considered statistically significant.

Results
Comparison of General Clinical Data Between the Two Groups
Among the included patients, 22 patients (AKI group) experienced postoperative AKI (met the diagnostic criteria for 
AKI), the incidence of postoperative AKI was 27.5%, and the remaining 58 patients (non-AKI group) did not experience 
AKI. There was no significant difference in age, gender, weight, past medical history, or surgical method between the two 
groups (P > 0.05) (Table 1).

Comparison of KIM-1, NGAL, and HO-1 Levels Between the Two Groups During the 
Perioperative Period
Compared between AKI group and preoperative group, KIM-1, NGAL, HO-1, blood creatinine, and BUN levels were 
significantly increased, with significant differences (P <0.05). Compared with non-AKI groups, KIM-1, NGAL, HO-1, blood 
creatinine, and blood urea nitrogen levels increased at all time points, but the difference was not significant (P > 0.05). Compared 
with AKI group and non-AKI group, KIM-1, NGAL, HO-1, blood creatinine, and BUN levels increased significantly, the 
differences were statistically significant (P < 0.05). After the operation, the levels of KIM-1, NGAL, HO-1, SCr, and BUN in the 
AKI group were higher than those in the non-AKI group. The differences were statistically significant (P < 0.05). The increase in 
the AKI group was more significant (Tables 2–7).

Table 1 Comparison of General Clinical Data of Patients Between the Two Groups (χ�s) [n (%)]

Category AKI Group (n=22) Non-AKI Group (n=58) T value or x2 value P value

Age (years old) 60.46±6.16 58.48±5.63 0.654 0.448
Male (n, %) 14 (63.63) 38 (65.51) 0.025 0.875

Weight (kg) 66.47±10.38 65.49±9.06 1.547 0.316

Medical history
Hypertension (n, %) 6 8 0.192*

Type II diabetes (n, %) 3 4 0.386*

Coronary heart disease (n, %) 4 3 0.086*
Surgical method

Mitral valve replacement 12 (37.5) 24 (52.5) 1.117 0.292

Aortic valve replacement 6 (35.0) 22 (37.5) 0.796 0.372
Double valve replacement 4 (27.5) 12 (10.0) 0.063*

Note: *Fisher’s exact probability method.
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Discussion
Acute kidney injury after cardiac surgery is one of the main causes of postoperative renal dysfunction. Based on the 
underlying baseline characteristics and type of surgery, the morbidity is up to 39%, and 1% to 6.5% of patients require 
renal replacement therapy (RRT). AKI was independently associated with a higher mortality rate (up to 60% in severe 

Table 2 Comparison of KIM-1, NGAL, and HO-1 at Different Point in Times of the AKI Group (χ�s)

Indicator n Pre- 
Operation

12 Hours Post- 
Operation

24 Hours Post- 
Operation

48 Hours Post- 
Operation

P

KIM-1 (ng/mL) 22 52.26±30.86 69.11±56.26* 102.38±56.24* 86.64±53.19* P < 0.05

NGAL (ng/mL) 22 36.88±10.48 153.04±40.45* 289.49±109.70* 158.72±25.36* P < 0.05

HO-1 (µmol/l) 22 27.07±10.09 143.02±20.68* 175.69±26.70* 115.57±18.87* P < 0.05

Notes: Intra-group comparison with preoperative, *P < 0.05.

Table 3 Comparison of KIM-1, NGAL, and HO-1 at Different Point in Times of the Non-AKI Group (χ�s)

Indicator n Pre- 
Operation

12 Hours Post- 
Operation

24 Hours Post- 
Operation

48 Hours Post- 
Operation

P

KIM-1 (ng/mL) 58 50.83±20.38 58.78±13.29* 93.47±34.52* 58.97±10.30* P >0.05
NGAL (ng/mL) 58 30.03±12.11 84.06±9.29* 86.74±9.69* 78.87±8.54* P >0.05

HO-1 (µmol/l) 58 26.30±9.08 29.96±10.80 30.12±7.89* 38.87±6.76* P >0.05

Notes: intra-group comparison with preoperative, * P >0.05.

Table 4 Comparison of KIM-1, NGAL, and HO-1 Between the Two Groups (χ�s)

Indicator Group n Pre- 
Operation

12 Hours Post- 
Operation

24 Hours Post- 
Operation

48 Hours Post- 
Operation

P

KIM-1 (ng/mL) AKI 22 52.26±30.86 69.11±56.26# 102.38±56.24# 86.64±53.19# P < 0.05
Non-AKI 58 50.83±20.38 58.78±13.29 93.47±34.52 58.97±10.30

NGAL (ng/mL) AKI 22 36.88±10.48 153.04±40.45# 289.49±109.70# 158.72±25.36# P < 0.05

Non-AKI 58 30.03±12.11 84.06±9.29 86.74±9.69 78.87±8.54
HO-1 (µmol/l) AKI 22 27.07±10.09 143.02±20.68# 175.69±26.70# 115.57±18.87# P < 0.05

Non-AKI 58 26.30±9.08 29.96±10.80 30.12±7.89 38.87±6.76

Notes: AKI group comparison with non-AKI group, #P < 0.05.

Table 5 Comparison of SCr and BUN at Different Point in Times of the AKI Group (χ�s) (n=22)

Indicator Group Pre-Operation 12 Hours  
Post-Operation

24 Hours  
Post-Operation

48 Hours  
Post-Operation

SCr (µmol/l) AKI 68.75±7.69 82.39±9.25* 94.49±9.56* 118.68±13.18*

BUN (mmol/l) AKI 5.34±0.42 6.74±1.53* 14.13±2.42* 10.74±0.95*

Notes: Intra-group comparison with preoperative, *P < 0.05.

Table 6 Comparison of SCr and BUN at Different Point in Times of the Non-AKI Group (χ�s) (n=58)

Indicator Group Pre-Operation 12 Hours  
Post-Operation

24 Hours  
Post-Operation

48 Hours  
Post-Operation

SCr (µmol/l) Non-AKI 67.30±6.91 68.54±8.03* 70.06±8.34* 73.06±8.26*

BUN (mmol/l) Non-AKI 5.06±0.41 5.80±0.49* 5.67±0.48* 6.07±0.39*

Notes: Intra-group comparison with preoperative, *P >0.05.
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cases) and an almost 8-fold increase in the risk of developing chronic kidney disease (CKD) [?]. There is clear evidence 
in numerous cohort studies that the risk of death is proportional to the severity of kidney injury. With advances in 
cardiopulmonary bypass (CPB) technology and ICU monitoring, mortality decreases despite the increased incidence of 
AKI. The pathogenesis of AKI after cardiac surgery is complex and considered to be the result of nephrotoxic substances, 
ischemia and ischemia reperfusion injury, cardiopulmonary bypass exposure and activation of inflammatory pathways 
and atheroembolic mechanisms.11

CPB is an essential adjunct technology to complete open heart surgery. The CPB can cause non-physiological blood 
perfusion and then cause organ function damage by activating inflammatory response and oxidative stress, which is an 
essential factor affecting the prognosis of patients. AKI after CPB has become a critical complication in clinical work due 
to its high incidence, complex etiology, poor prognosis, and high mortality. If not treated in time, it may develop into 
acute renal failure and increase the mortality of patients. The incidence of AKI after heart valve replacement in our study 
was 27.5%, which is consistent with the reports in domestic studies.2–5 When AKI occurs, it becomes an independent risk 
factor for prolonged hospitalization and increased mortality. Therefore, it is crucial to explore early sensitive indicators of 
postoperative AKI and to start renal protection measures as soon as possible.

KIM-1 is a newly discovered type I transmembrane protein that belongs to the family of T lymphocytes, with 
a relative molecular mass of 104,000 and almost no expression in normal human and animal kidneys. However, in 
ischemia and nephrotoxic injury, the protein intracellular signal peptide can be cleaved by matrix metalloproteinase 
(MMP) in the early stage of injury, released into the renal tubules, and excreted in the urine.

Gelase-associated apolipoproteins are considered members of the NGAL family and a protein molecule that regulates 
apoptosis of renal tubular epithelial cells in renal tissues. They are rarely found in renal tissues, and only genes are 
upregulated in renal tissues after stress or after trauma like renal ischemia. And further studies found that the level of 
urine and blood NGAL values increased significantly during renal ischemia-reperfusion injury. However, renal injury in 
renal ischemia was clearly upregulated in renal tissue and could be detected in urine within hours.

Recent studies have suggested12,13 that KIM-1 and NGAL increase significantly after renal ischemia. A recent study 
on KIM-114 has confirmed the potential role of KIM-1 as a new biomarker for early diagnosis of AKI. Patients with 
valvular heart disease undergoing cardiac surgery with CPB have an increased risk of AKI and may develop the 
cardiorenal syndrome. In a group of 113 adult patients undergoing CPB,13 the incidence of AKI (Criterion: SCr increase 
greater than 0.3 mg/dl) was 31% and urinary KIM-1 level of patients with AKI in this group increased by 40% at 2 hours 
after surgery and more than doubled at 24 hours after surgery. It is evident that KIM-1 can reflect the condition of AKI 
earlier than conventional detection methods. In this study, the urinary KIM-1 and NGAL levels at 12 h, 24 h, and 48 
h after surgery in the AKI group were significantly higher than those before surgery and the increases were significant 
when compared with those in the non-AKI group, which is consistent with the previous study reports.

Gelase-associated apolipoproteins are considered members of the NGAL family and a protein molecule that regulates 
apoptosis of renal tubular epithelial cells in renal tissues. They are rarely found in renal tissues, and only the genes are 
upregulated in NGAL after stress or after trauma like renal ischemia. And further study found that the level of urine and 
blood NGAL value increased significantly during renal ischemia and reperfusion injury. However, renal injury in renal 
ischemia was clearly upregulated in renal tissue and could be detected in urine within hours. Under normal physiological 
conditions, NGAL can also be expressed in many human tissues, such as bronchi, stomach, colon, pancreas, kidney, and 

Table 7 Comparison of SCr and BUN in the Two Groups During the Perioperative Period (χ�s)

Indicator Group n Pre-Operation 12 Hours  
Post-Operation

24 Hours  
Post-Operation

48 Hours  
Post-Operation

SCr AKI 22 68.75±7.69 82.39±9.25# 94.49±9.56# 118.68±13.18#

(µmol/l) Non-AKI 58 67.30±6.91 68.54±8.03 70.06±8.34 73.06±8.26

BUN AKI 22 5.34±0.42 6.74±1.53# 14.13±2.42# 10.74±0.95#
(mmol/l) Non-AKI 58 5.06±0.41 5.80±0.49 5.67±0.48 6.07±0.39

Notes: AKI group comparison with non-AKI group, #P < 0.05.
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other tissues. NGAL expression is usually low and significantly increases in case of an inflammatory injury. As a result, 
NGAL expression is caused by the interaction between inflammatory cells and epithelial cells. Activation of inflamma-
tory reaction and damage of renal tubular epithelial cells during CPB surgery can stimulate renal epithelial cells to secrete 
a large amount of NGAL. Therefore, the concentration of NGAL in the urine can reflect the degree of renal injury. 
NGAL can predict the occurrence of AKI after CPB and can be used to evaluate the prognosis. Bennett et al15 found that 
urinary NGAL levels after CPB operation increased 15 times at 2 h and up to 25 times at 4–6 h, and the urinary NGAL 
level at 2 h was correlated with the severity and prognosis of AKI. A systematic retrospective analysis found that NGAL 
was more valuable for the diagnosis of early AKI and also for the prognostic judgment of AKI, with the higher the 
NGAL level, the greater the severity of AKI.7 Kidher et al16 found that the postoperative NGAL level can be used as an 
early and influential biomarker to predict the occurrence of postoperative AKI and the need for intervention. In this study, 
we found that the postoperative NGAL level in the AKI and non-AKI groups was higher than before surgery, and the 
difference was statistically significant. However, the NGAL level in patients in the AKI group was elevated more 
significantly.

The early diagnostic effect of heme oxygenase-1 (heme oxygenase-1, HO-1) in cardiac AKI after cardiopulmonary 
bypass has been reported in the literature. HO-1 is a widespread antioxidant defense enzymes in living organisms, and 
various inducing factors, such as heme, hyperoxia, oxygen, hypoxia, heat shock, endotoxin, and cytokines can sig-
nificantly increase the expression of HO-1. Another clinical study17 reported that compared with patients without AKI, 
chronic kidney disease and end-stage renal disease in ICU, patients with AKI in ICU had significantly increased HO-1 in 
serum and urine. With respect to the research on HO-1 and cardiac surgery, Billings et al18 showed that for patients with 
AKI after cardiac surgery, the HO-1 level was significantly increased, and the increased level of HO-1 was related to the 
CPB duration, intraoperative hemolysis, and inflammatory reaction. In this study, we found that after cardiac valve 
replacement, HO-1 levels of patients in the AKI and non-AKI groups were higher than before the operation. However, 
the increase in the AKI group was significant and the difference was statistically significant (P<0.05).

Conclusion
To sum up, the levels of KIM-1, NGAL, and HO-1 in patients after CPB cardiac valve replacement are increased, but the 
increase in patients with AKI is more significant. The combined monitoring of the three can provide early warning for 
AKI after surgery, and is conducive to guiding the early start of renal function protective measures and improving the 
clinical prognosis.
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