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Purpose: Living kidney transplantation is a common treatment for end-stage renal disease. The impact of anaesthetics on post
operative biomarkers of renal injury in living kidney transplant donors is not well understood.
Patients and Methods: 70 transplant donors who underwent kidney extraction were randomly assigned to following two groups: 
sevoflurane (S group) and propofol (P group). Urine and blood were collected before induction and 1, 2, 6 days after operation. Kidney 
injury marker-1 (KIM-1), interleukin-18 (IL-18) and tissue inhibitor of metalloproteinase-2 (TIMP-2) were measured by enzyme- 
linked immunosorbent assay. Record the cystatin C, glomerular filtration rate, urine output during perioperative period.
Results: There were both increases in biomarkers of kidney injury before and 1, 2 and 6 days after the anaesthetic surgery in donors, 
However, no statistical differences in KIM-1 (P (0.42 pg/mL (95% CI 0.21 to 0.63 pg/mL)) vs S (0.26 pg/mL (95% CI 0.02 to 0.49 pg/ 
mL)), −0.16 pg/mL (95% CI −0.48 to 0.16 pg/mL)), IL-18 (P (178.54 pg/mL (95% CI 110.15 to 24693 pg/mL)) vs S (175.86 pg/mL 
(95% CI 100.35 to 251.38 pg/mL)), −2.68 pg/mL (95% CI −105.61 to 100.25 pg/mL)), and TIMP-2 (P (12.88 ng/mL (95% CI 8.69 to 
17.07 ng/mL)) vs S (14.85 ng/mL (95% CI 10.23 to 19.46 ng/mL)), 1.97 ng/mL (95% CI −4.30 to 8.23 ng/mL)) concentration changes 
between the two types of anaesthesia.
Conclusion: There was no difference between sevoflurane and propofol anaesthesia on postoperative changes in biomarkers of renal 
injury in living kidney transplant donors.
Keywords: general anesthetics, sevoflurane, propofol, renal transplantation

Introduction
Kidney transplantation is an ideal treatment for end-stage renal disease.1 Furthermore, the utilization of living kidney 
donors has been widely recognized. Over 25,000 living kidney transplants are performed globally on an annual basis.2 

A meta-analysis of 52 studies with 24 years of follow-up reported a significant 8.83 (95% CI 1.02–20.93) increase in the 
relative risk of ESRD in living kidney transplant donors.3 A study conducted by Hanson et al,4 which assessed the values 
and perceptions of living kidney donors from three transplant units in Australia and Canada, identified that the primary 
prognostic concern for these individuals was fear of kidney impairment. Outcomes for kidney donors may not be as 
benign as previously reported.5,6 Short-term reduction of glomerular filtration rate after nephrectomy is a known 
consequence of kidney donation.7
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According to Kidney Disease Improvement Global Outcomes (KDIGO), Acute kidney injury (AKI) is defined by an 
abrupt decrease in kidney function, focusing on the level of change in serum creatinine (Scr) over time.8 Nonetheless, Scr fails 
to reflect the severity of the inflicted damage until AKI has attained a state of equilibrium. This necessitates the identification 
of new, early-stage, accurate, robust, and easily accessible markers of injury for the effective characterization and evaluation of 
AKI. In pursuit of early detection of renal function abnormalities, several early markers of renal injury have recently been 
identified.9 Urinary kidney injury molecule-1 (KIM-1), Tissue inhibitor of metalloproteinases-2 (TIMP-2) and interleukin-18 
(IL-18) have all been recognized to be produced in large quantities in injured renal tubular epithelial cells.10 These biomarkers 
have shown the potential to improve diagnosis and risk stratification and provide a prognosis for patients with AKI.11

Several studies examining risk predictors of postoperative AKI suggest that the choice of general anaesthetic may 
have an impact on postoperative renal function.12 Propofol may inhibit the development of renal fibrosis by attenuating 
ischemia-reperfusion injury (IRI) through its antioxidant properties.13,14 A clinical examination conducted in 2014 
involving cardiac surgery determined that propofol exhibited a renal-protective effect in contrast to sevoflurane.15 

Sevoflurane has anti-inflammatory properties and prevents acute kidney injury due to surgical stress.16 Sevoflurane has 
been found to affect many processes in the pathophysiology of IRI in in vitro and in vivo experiments in animals. 
Improvement of graft outcomes after kidney transplantation.17 However, there is a paucity of reports concerning the 
impacts of propofol or sevoflurane as general anaesthetics on postoperative renal function in kidney transplant donors.

Therefore, the primary objective of this study was to compare the effects of sevoflurane-based versus propofol-based 
anesthesia on postoperative levels of kidney injury biomarkers (KIM-1, TIMP-2, and IL-18) in living kidney donors. We 
hypothesized that propofol-based anesthesia would have lower biomarkers of kidney injury compared with sevoflurane- 
based anesthesia in a population of living kidney donors at a provincial medical center in China.

Methods
Design Overview
This study was a single center, randomized controlled clinical trial in participants who were living kidney transplant 
donors. Participants were recruited from January 2021 to December 2021. Informed consent was given by all partici
pants, and the protocol was approved by the China Ethics Committee of Registering Clinical Trials (Ethical review 
number: ChiECRCT20200156). The trial was conducted in accordance with the Declaration of Helsinki and reported in 
accordance with the CONSORT 2010 guidelines. This study has been registered in the China Ethics Committee of 
Registering Clinical Trials (http://www.chictr.org.cn/index.aspx; registered id: ChiCTR2000029879). The patients’ 
personal information was confidential to the researchers, and the study was conducted in compliance with the 
Declaration of Helsinki. The primary outcome of this study was to compare the effects of sevoflurane and propofol 
anesthesia on the expression of biomarkers such as: KIM-1 in donors on the baseline, 1st, 2nd and 6th day postoperatively.

Setting and Participants
Recruitment was conducted by the Anhui Provincial Hospital, located in Hefei, Anhui Province, China. Each kidney 
transplant donor voluntarily signs informed consent to donate a donor kidney in accordance with the Declaration of 
Istanbul. Participants were invited to join this study after hospital admission, but before undergoing living kidney transplanta
tion. Patients were subjected to face-to-face screening following an initial evaluation of their hospitalization records. All 
donors underwent open surgical procedures (Detailed surgical procedures are available in the supplementary material SDC 1). 
To be eligible for the study, participants must be of at least 18 years of age but no older than 65; their connection to the donor 
and recipient was restricted to being a spouse, an immediate family member, or a collateral relative within three generations; 
American Society of Anesthesiology (ASA) Physical Status Classification I–II and a body mass index (BMI) less than 30 kg/ 
m2. Exclusion criteria included severe hypertension (graded 2 as per the 2020 guidelines promulgated by the International 
Society of Hypertension (ISH)), severe cardiac disease (cardiac function classification exceeding 3 according to the New York 
Heart Association (NYHA)), psychiatric afflictions, concurrent renal disease, and any variant of tumor.
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Randomization and Blind
Participants were apportioned to either the S group (sevoflurane) or the P group (propofol) in a 1:1 ratio, pursuant to 
computer-generated random numerals prepared by statisticians not associated with the trial. The group designations and 
patient numerals were contained within opaque, sealed envelopes that were opened by the attending anaesthetist 
immediately prior to the commencement of surgery. Those involved in postoperative follow-up, specimen collection, 
laboratory testing, and data analysis were kept oblivious to the group assignments.

Anaesthetic Protocol
Anaesthetic and haemodynamic management were strictly protocolized. The anesthetic procedure is standardized. General 
anesthesia was induced with etomidate (0.2–0.4 mg·kg−1), sufentanil (0.4 ug·kg−1), cis-atracurium (0.15 mg·kg−1) succeeded 
by the insertion of a laryngeal mask. Anesthesia is maintained by target-controlled infusion of propofol (effect chamber 
concentration target 1.5–2.5 ug·mL−1, Marsh model) or sevoflurane (End-expiratory tidal concentration target 
0.8–2.5 minimum alveolar concentration (MAC); fresh gas flow 2 L·min−1). Both groups were administered remifentanil 
(effect chamber concentration target 3–5 ug·mL−1, Minto model), sufentanil, cisatracurium general anesthesia. Intravenous 
oxycodone was administered half an hour before the end of the surgery for analgesia. The dosage of anesthetic drugs was 
modulated according to the EEG bispectral index monitoring of the depth of anesthesia (maintaining bispectral index, BIS at 
40–60). Standard monitoring incorporated a five-lead ECG, pulse oximetry, invasive arterial pressure and Masimo LiDCO™ 

Hemodynamic Monitoring System (Masimo Corporation, CA, USA). A Foley urinary catheter was inserted post-induction 
of anesthesia, and all patients received goal-directed fluid therapy (less than 20% change in blood pressure and SVV<13%) 
with the option of crystalloid rehydration. Intraoperative rehydration with sodium lactate solution. If required, phenylephrine 
was administered for hypotension. All clinical parameters and medications were recorded by patient monitoring software 
(Medicalsystem Co, Ltd. China). Intraoperative doses of various anesthetics used and invasive kinetic indices such as MAP, 
SVR, SVV, CO were recorded. Immediately after surgery, the patient was transferred to the post-anesthesia care unit 
(PACU), where standardized recovery protocols were followed. Once the patient met established extubation criteria—such as 
adequate spontaneous ventilation, stable hemodynamics, and appropriate oxygen saturation—extubation was performed 
under the close supervision of the PACU team.

Sample Measurements
A total of 70 patients were initially recruited; however, 8 patients were excluded due to withdrawal of consent, not 
receiving the assigned intervention, or loss to follow-up. Thus, 62 patients were included in the final analysis. 
Considering the low response of participants and the limitations of the resources invested in this trial, we did not choose 
a continuous sampling method for recruiting participants.

Blood specimens were collected from patients before the procedure, on the first day postoperatively, on the second 
day postoperatively as and on the sixth day postoperatively. Blood samples were collected into two test tubes, one EDTA 
anticoagulation tube and one isolated gel procoagulant tube and tested in the hospital biochemistry laboratory within 
24 hours. Urine samples were collected at the same time points as above and centrifuged (2700 rpm for 20 min) and the 
supernatant was collected and stored in a −80-degree refrigerator.

Urine samples collected pre-surgery, and on days 1, 2, and 6 post-surgery, were analyzed using the Enzyme-Linked 
Immunosorbent Assay (ELISA; DL-TIMP2-Hu, DL-Kim1-Hu, and DL-IL-18-Hu, DL-develop Systems, Wuxi, China) to 
measure the concentrations of TIMP-2, KIM-1, and IL-18 (Detailed in the Supplementary material SDC 2). Hemoglobin, 
blood creatinine, uric acid and cysteine protease inhibitors were tested within 24 hours of samples collection in the 
biochemistry laboratory of the First Hospital of the University of Science and Technology of China.The definitions and 
descriptions of the variables in the study are detailed in Supplementary Material Table S1.

Sample Size Calculation
We calculated the sample size based on primary outcome KIM-1 data from previous randomized controlled trial.18 In the 
PASS 15 software, we used the “Tests for Two Means in a Repeated Measures Design” module (Detailed in the 
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Supplementary material SDC 3). In a design with four repeated measurements, we suspected a sequence of mean 
differences of 0,60,500,90 ng/mL, with a common SD within the group of 90 ng/mL. We needed 27 patients per group 
(significance level of 0.05, power of 90%). Considering the possible staff mobility restrictions resulting from the dynamic 
zero-case policy implemented in China during COVID-19,19 we presupposed a 30% lost to follow-up rate and enrolled 
n=40 each group.

Statistical Analysis
All data analyses were performed on the basis of the original allocation group. Analyses were performed by using Stata, 
version 15 (StataCorp). A p value less than 0.05 was deemed statistically significant. Continuous data were tested for 
normality with the use of the Shapiro–Wilk test. Values are given as the mean (standard deviation, SD) or mean (95% 
confidence intervals). For normally distributed variables, Student’s t-tests were used. For normally distributed data not 
satisfying homogeneity of variance, Welch t-test were used. If variables were not normally distributed, the Mann– 
Whitney U-test was applied.

TIMP-2, KIM-1, IL-18, haemodynamic indicators, Cys-C, estimated glomerular filtration rate (eGFR), uric acid (UA) 
and urine volume were compared by using a repeated-measures mixed-effects linear regression model with terms of 
anesthesia methods, time, and corresponding baseline values as covariates (in addition to age, sex, and body mass index). 
Due to the multiple comparisons involved in the statistical analysis of this section; in order to reduce Type I error, we 
employ the Bonferroni correction method to control the relevant significance thresholds. We additionally constructed 
a model adjusted for the dosage of sufentanil as a confounder, these results are displayed in Supplementary Material 
Table S2 of the Supplementary Material. The correlation within the repeated measures was addressed by using individual 
participant identification as a random effect. The effect of anaesthesia at baseline and days 1, 2 and 6 was evaluated by 
adding an intervention-by-time interaction to the models.

Results
From January 2021 to December 2021, 80 kidney transplant donors accepted the invitation to participate in the study. 
Consequently, a total of 62 donors were eligible for follow-up (Figure 1. Consort diagram).

Patients
Table 1 summarises the characteristics of the two groups of living kidney transplant donors. The donors are mainly a 
relatively healthy middle-aged population (P (55.3(8.5)) vs S (55.7(8.9)), Table 1). The most common comorbidities are 
hypertension (P (10(34)) vs S (8(28)), Table 1). In some donors with combined diabetes mellitus and asymptomatic 
lacunar cerebral infarction. Specifically, one donor in the propofol group and three donors in the sevoflurane group with 
co-morbid diabetes, and three donors in both groups had asymptomatic lacunar cerebral infarction.

Intraoperative Parameters and Anaesthesia
The parameters of intraoperative and postoperative clinical relevance for the two groups of donors are summarized in 
Table 2. There was no statistical difference between the two donor groups in terms of and anesthetic time (P (145.5 
(24.6)) vs S (150.5(18.6)), P=0.385; Table 2) and operative time (P (120.3(21.0)) vs S (124.3(20.3)), P=0.460; Table 2). 
In addition to this, during the maintenance phase of general anesthesia, the doses of remifentanil (P (957.8(308.4)) vs S 
(899.5(178.1)), P=0.837; Table 2) and cis-atracurium (P (24.5(5.8)) vs S (23.4(4.4)), P=0.395; Table 2) used did not 
differ statistically between the two groups. A higher dose of phenylephrine was applied to maintain blood pressure in 
donors anaesthetized with sevoflurane compared to those anaesthetized with propofol (P (296.8(415.2)) vs S (903.2 
(650.1)), P=0.001; Table 2). At the same time, the dose of sufentanil was higher in the sevoflurane group than in the 
propofol group (P (27.4(6.6)) vs S (33.9(9.0)), P=0.002; Table 2).

Crystalloid solutions were selected for rehydration in all study groups, adjusted for pre-set haemodynamic para
meters, and the results showed no statistical difference in intraoperative fluid input between the two groups (P (1857.9 
(451.1)) vs S (2005.4(415.7)), P=0.190; Table 2). There was no statistically significant difference in the degree of 
intraoperative haematocrit decline between the two groups and we approximated that the degree of intraoperative blood 
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loss was similar (P (7.2(5.9)) vs S (9.4(4.9)), P=0.119; Table 2). Intraoperative urine output did not differ (P (823.5 
(255.9)) vs S (948.2(324.7)), P=0.096; Table 2). In summary, there were no statistical differences in intraoperative fluid 
intake and output between the two groups.

Urine Markers of Acute Kidney Injury
Urine was collected from donors 1 hour before surgery, and days 1, 2 and 6 after surgery and measured for TIMP-2, 
KIM-1 and IL-18 concentrations. The mean changes and trends in concentration for each group at different time points 
are displayed in Figure 2. There was a significant increase in these acute kidney injury biomarkers after nephrectomy. 
The increase in TIMP-2 was greater in the sevoflurane (14.85 ng/mL (CI 10.23 to 19.46 ng/mL)) anesthesia groups 
compared to the propofol (12.88 ng/mL (CI 8.69 to 17.07 ng/mL)) anesthesia group, although this difference was not 
statistically significant (1.97 ng/mL (CI −4.30 to 8.23 ng/mL)) (Table 3 and Figure 2A). No differences were seen in 
Kim-1, or IL-18 concentrations changes between the two groups (Table 3 and Figure 2).

Figure 1 Consort diagram of recruitment and inclusion of subjects throughout the study protocol (that is, enrolment, allocation of interventions, follow-up, and data analysis): 80 
kidney transplant donors were assessed for eligibility. Of those 80, three donors did not give informed consent, five donors with ASA grading higher than grade 2, and two donors 
participated in other clinical studies. Therefore, 70 donors were randomly divided into two groups. In the propofol group, one donor was excluded because he underwent an 
unplanned secondary operation. In the sevoflurane group, five donors who received combined epidural anesthesia at the same time did not receive the assigned intervention, and 
two donors were excluded because no follow-up data were collected or withdrew from the study. Consequently, a total of 62 donors were eligible for follow-up.
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Table 1 Baseline Characteristics of Donors

P(n=34) S(n=28)

Age (year) 55.3 ± 8.5 55.7 ± 8.9
Male (n (Ratio)) 8 (8:26) 4 (4:24)

High (cm) 157.9 ± 6.8 159.5 ± 5.3

Weight (kg) 61.5 ± 7.5 61.9 ± 8.7
BMI (kg/m2) 24.5 ± 2.3 24.3 ± 2.9

ASA (n)

I 20 14
II 14 14

III 0 0
IV 0 0

Complications (n)

Hypertension 10 8
Diabetes 1 3

Heart disease 0 0

Cerebrovascular disease 3 3
Smoking (n) 3 0

Relation (n)

Parent-child 32 27
Couples 2 1

Notes: Groups are follows: P (the propofol group) and S (the 
sevoflurane group). Data are presented as the mean ± SD or n.

Table 2 Intraoperative and Postoperative Parameters

P(n=34) S(n=28) P

Propofol (ug·mL−1) 2.1 ± 0.2 – –

Sevoflurane (%) concentration – 2.1 ± 0.2 –

Phenylephrine (ug) 80 [0 to 600] 750 [460 to 1200] <0.001#

Sufentanil (ug) 27.4 ± 6.6 33.9 ± 9.0 0.002

Remifentanil (ug) 875 [750 to 1200] 900 [750 to 1050] 0.357*

Cisatracurium (mg) 24.5 ± 5.8 23.4 ± 4.4 0.395
Oxycodone (mg) 5 [5 to 5] 5 [5 to 5] 0.196#

Operation time (min) 120.3 ± 21.0 124.3 ± 20.3 0.460

Anesthesia time (min) 145.5 ± 24.6 150.5 ± 18.6 0.385
PACU (min) 51.9 ± 10.9 52.0 ± 12.1 0.958

Discharge time (d) 12.1 ± 1.6 12.2 ± 1.7 0.726

Infusion (mL) 1857.9 ± 451.1 2005.4 ± 415.7 0.190
Urine output (mL) 823.5 ± 255.9 948.2 ± 324.7 0.096

PONV (n(%)) 10/34 7/28 0.770#

PreHb (g/l) 124.1 ± 10.9 124.4 ± 10.2 0.930
PostHb (g/l) 116.9 ± 11.5 115.0 ± 10.4 0.490

DeHb (g/l) 7.2 ± 5.9 9.4 ± 4.9 0.119

eGFR (baseline) 105.8 ± 28.1 105.6 ± 28.4 0.983

Notes: Groups are follows: P (the propofol group) and S (the sevoflurane group). Data are presented 
as the mean ± SD or median [25% to 75% interquartile range], with the P representing the significance 
level for differences between propofol and sevoflurane anaesthesia (Normally distributed data meet 
homogeneity of variance using the independent samples t-test, #means non normally distributed data 
using Mann Whitney test, * means not satisfying homogeneity of variance using Welch t-test). 
Abbreviations: DeHb, Decreased haemoglobin; PACU, postanaesthesia care unit; PONV, 
Postoperative Nausea and Vomiting, Discharge time, postoperative discharge time from hospital; 
PreHb, Pre-operatieve hemoglobine; PostHb, Post-operatieve hemoglobine. eGFR (baseline), Pre- 
operative estimated glomerular filtration rate measured with Cockcroft-Gault equation. The concen
tration of sevoflurane is the concentration at which the volatile tank is opened during the operation.
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Changes in Blood Biochemical Parameters and Urine Output
Postoperative eGFR and uric acid decreased significantly irrespective of the anesthesia used. However, the degree of 
decrease in eGFR (−1.00 mL/min / (1.73m) 2 (CI −5.98 to 3.97 mL/min / (1.73m) 2)) and uric acid (−8.38 umol/l (CI −29.27 
to 12.51 umol/l) did not differ statistically between the two groups (Table 3, Figure 3). There was no statistical differences 
between the two anesthesia groups in the changes in perioperative Cys-C (−0.01mg/l (CI −0.08 to 0.06 mg/l)). Urine output 
decreased on the second day of the first postoperative day compared to the intraoperative day, regardless of the anesthetic 
used, and the degree of change did not differ statistically between groups (−0.26 mL/kg/h (CI −0.56 to 0.05 mL/kg/h) 
(Table 3, Figure 3).

Intraoperative Haemodynamic Indices
Intraoperative hemodynamic parameters remained relatively stable in both groups. Changes in SVV were minimal and 
not significantly different between the propofol anaesthesia group (0.14% (95% CI, −0.97 to 1.26%)) and the sevoflurane 
anaesthesia group (0.94% (95% CI 0.06 to 1.86%)), with an estimated between-group difference of 0.80% (95% CI, 
−0.64 to 2.24%) (Table 3 and Figure 4C). Similarly, the decrease in MAP was slightly more pronounced in the 
sevoflurane group (−0.88 mmHg (95% CI −5.49 to 3.73 mmHg)) compared to the propofol group (1.87 mmHg (95% 
CI −2.30 to 6.05 mmHg)), but this difference was not statistically significant (−2.75 mmHg (95% CI −9.00 to 

Figure 2 Urine biomarkers of acute kidney injury: The influence of propofol and sevoflurane groups on changes in biomarker concentrations of postoperative acute kidney 
injury. (A): The levels of TIMP-2 in both the propofol group and the sevoflurane group showed a significant increase on the first day after surgery, followed by a gradual 
decrease. The graph shows that the increase in the sevoflurane group exceeded that of the propofol group, but there was no statistically significant difference in the trend of 
changes between the two groups. (B): On the first day after surgery, the level of Kim-1 decreased or stabilized, then significantly increased on the second day, and 
subsequently stabilized. However, there was no statistical difference between the two groups. (C): After the surgery, the level of IL-18 in both the propofol group and the 
sevoflurane group showed a continuous upward trend, with no statistically significant difference between the changes in the two groups.
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3.49mmHg)) (Table 3 and Figure 4A). Although the sevoflurane anaesthesia group required more phenylephrine to 
maintain blood pressure (Table 2, P<0.01), no statistically significant differences were observed in SVR or CO between 
the two groups (Table 3 and Figure 4). These results suggest that intraoperative hemodynamic stability was effectively 
maintained regardless of the anaesthetic regimen used.

Discussion
In this randomized controlled study, we explored the effects of propofol or sevoflurane anesthesia on renal function and 
biomarkers of AKI in living kidney transplant donors. Previous studies have shown that volatile anesthetics can lead to 
decreased eGFR and urine output. For example, sevoflurane decreased urine output in patients undergoing colorectal 
surgery.20 In heart valve surgery, sevoflurane anesthesia prolonged the postoperative use of the diuretics compared to 
propofol anesthesia. However, there was no statistical difference in postoperative changes in biomarkers of acute kidney 
injury between the two groups.15 In VAPOR-1 study, both donors and recipients were anesthetized with sevoflurane, and 
KIM-1 concentrations on postoperative day 2 were significantly higher than those in the control group, but were not 
associated with inferior graft outcomes. In spinal surgery, there was no statistical difference between the groups in the 
effect of choosing sevoflurane or propofol anesthesia on postoperative changes in urinary KIM-1.18,21 Similarly, we 
found no statistical difference between the two groups in the postoperative changes in renal injury biomarkers, blood 
creatinine, and urine output, regardless of the anesthesia chosen.

In our study, we found a significant increase in TIMP-2 secretion in the urine after nephrectomy. TIMP-2 is a recently 
identified positive biomarker for the early diagnosis of AKI and involved in G1 cell-cycle arrest. The biomarker was initially 
found to predict AKI in the Discovery study, a multicenter cohort study of critically ill patients at risk for AKI and were 
validated in the Sapphire study.22 Insulin growth factor-binding protein 7 (IGFBP7), is also a marker of renal stress associated 
with cell cycle arrest. It has been bundled with TIMP-2 in a number of clinical trials. Risk stratification according to different 
[TIMP-2] * [IGFBP-7] thresholds has been assessed for the prevention of AKI in high-risk patients, but results obtained from 
different studies have been inconsistent.23–25 [TIMP-2] * [IGFBP-7] is mostly used in patients with severe renal impairment in 
the intensive care unit and may be needed to evaluate general low-risk patients from other perspectives.26 We observed 
a higher TIMP-2 rising curve in the sevoflurane group than in the propofol group. However, the longitudinal comparison did 
not show any statistical difference in the trends between the two groups.

Normally, levels of KIM-1 are low, and KIM-1 can be found in proximal tubular epithelial cells 48 hours after the 
onset of ischemia-reperfusion injury.27 It has been approved for use in animal and clinical studies to identify and monitor 

Table 3 Donors’ Clinical Follow-up Outcomes

P Group (n=34) S Group (n=28) Mean Between-group Difference 
in Change (95% CI)Mean Change (95% CI) Mean Change (95% CI)

PPrimary outcome

KIM-1 (pg·mL−1) 0.42 (95% CI 0.21 to 0.63) 0.26 (95% CI 0.02 to 0.49) −0.16 (95% CI −0.48 to 0.16)

Secondary outcome

TIMP-2 (ng·mL−1) 12.88 (95% CI 8.69 to 17.07) 14.85 (95% CI 10.23 to 19.46) 1.97 (95% CI −4.30 to 8.23)

IL-18 (pg·mL−1) 178.54 (95% CI 110.15 to 246.93) 175.86 (95% CI 100.35 to 251.38) −2.68 (95% CI −105.61 to 100.25)

MAP (mmHg) 1.87 (95% CI −2.30 to 6.05) −0.88 (95% CI −5.49 to 3.73) −2.75 (95% CI −9.00 to 3.49)

SVR (dyn·s·cm−5) 249.93 (95% CI 135.04 to 364.82) 218.19 (95% CI 103.30 to 333.08) −31.74 (95% CI −195.09 to 131.61)

SVV (%) 0.14 (95% CI −0.97 to 1.26) 0.94 (95% CI 0.06 to 1.86) 0.80 (95% CI −0.64 to 2.24)

CO (L·min-1) −0.42 (95% CI −0.76 to -0.08) −0.38 (95% CI −0.65 to -0.11) 0.04 (95% CI −0.40 to 0.48)

Cys-C (mg·L−1) 0.29 (95% CI 0.24 to 0.34) 0.28 (95% CI 0.23 to 0.33) −0.01 (95% CI −0.08 to 0.06)

eGFR (mL·min−1 (1.73m)−2) −35.44 (95% CI −38.76 to −32.12) −36.44 (95% CI −40.11 to −32.78) −1.00 (95% CI −5.98 to 3.97)

UA (umol L−1) −23.63 (95% CI −37.60 to −9.66) −32.01 (95% CI −47.41 to −16.60) −8.38 (95% CI −29.27 to 12.51)

Urine output (mL·kg−1·h−1) −3.80 (95% CI −4.01 to −3.60) −4.06 (95% CI −4.29 to −3.83) −0.26 (95% CI −0.56 to 0.05)

Note: Haemodynamic indices during anaesthesia, presented as mean (95% confidence intervals). 
Abbreviations: CO, cardiac output; eGFR, estimated glomerular filtration rate measured with Cockcroft-Gault equation; IL-18, interleukin-18; KIM-1, kidney injury 
marker-1; MAP, mean arterial pressure; TIMP-2, tissue inhibitor of metalloproteinase-2; UA, uric acid; SVR, systemic vascular resistance; SVV, stroke volume variation. 
Regression analysis was conducted using a repeated-measures mixed-effects linear regression model.
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renal tubular injury.28 In a study including 4750 patients followed for over 10 years, raised KIM-1 levels might help 
connected with a decrease in eGFR, proposing that this biomarker might be utilized to foresee renal capacity decay in 
solid moderately aged patients.29 Similarly, the subjects of our study were middle-aged people with a mean age of 55 
years, all of whom had a significant increase in urinary KIM-1 within 2 days of nephrectomy. KIM-1 mediates 
phagocytosis of apoptotic cells and oxidized lipids by renal proximal tubular cells (PTCs), and its long-term expression 
leads to progressive renal fibrosis and chronic renal failure.30,31 In addition to its role in phagocytosis, a recent study in 
a KIM-1 transgenic mouse model demonstrated that KIM-1 exerts anti-inflammatory effects through interaction with p85 
and subsequent phosphatidylinositide 3-kinases (PI3K)-dependent downregulation of nuclear transcription factor-κB 
(NF-κB). KIM-1 may protect the kidney after acute injury by down-regulating innate immunity and inflammation.32 This 
suggests that KIM-1 can be used not only as a standard for kidney injury but that his changes also indicate the repair 
process of kidney injury. We observed that KIM-1 secretion peaked at 48 hours postoperatively. In particular, KIM-1 
expression in the sevoflurane anesthesia group declined rapidly after 48 hours, which may imply that the repair of the 
injury has been completed, but longer follow-up is needed to demonstrate this.

We found a sustained and significant increase in IL-18 in the urine of the donor after nephrectomy. However, there was no 
significant difference between the two anesthetic groups. The hallmarks of AKI are inflammation and renal tubular cell death. 
Interleukin 18 (IL-18) is synthesized as an inactive precursor at multiple sites, including bone marrow-derived macrophages, 
proximal tubular epithelial cells, and intercalated cells in the collecting duct.33 IL-18 is cleaved by caspase-1 and released into 
the renal tubular lumen and serum, leading to neutrophil infiltration and tubular damage.34 In an observational study of AKI 

Figure 3 The influence of propofol and sevoflurane groups on postoperative renal function blood biochemical parameters and urine output. (A): After the surgery, the 
levels of cystatin C in donor plasma significantly increased and then slowly decreased, while there was no statistically significant difference in this change between the two 
groups. (B): Donors in the propofol group or the sevoflurane group showed a significant decrease in postoperative eGFR levels, which then gradually increased, with no 
statistically significant difference in the trend between the two groups. (C): The levels of uric acid in both donor groups decreased after surgery and then slowly rebounded, 
with no significant statistical difference between the changes in the two groups. (D) The propofol group and the sevoflurane group experienced a significant decrease in urine 
output on the first day after surgery, followed by an increase on the second day compared to the first day, with no statistical difference between the two groups.
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associated with cardiac surgery, IL-18 was found to be an independent predictor of the development of AKI after weaning 
from cardiopulmonary bypass.35 Urinary IL-18 as an early diagnostic indicator of AKI has been associated with mortality after 
cardiac surgery and in the ICU setting.36,37 In difference to the changes in other markers of kidney injury, we observed that the 
secretion of IL-18 has been elevated after surgery, with no tendency to decrease. This is probably because he is not only 
a marker of kidney injury, but also a pro-inflammatory factor. Implying a persistent presence of perioperative anti- 
inflammatory, immune function recovery in the body. Several studies have shown that by inhibiting IL-18 can improve the 
prognosis of kidney inflammation, fibrotic injury and is a new therapeutic target.38–40

The biomarkers TIMP-2, KIM-1, and IL-18 are sensitive markers that mainly indicate tubular damage and therefore 
help in the diagnosis of intrinsic AKI. Perioperative eGFR reflects renal hypoperfusion and our study found a decrease in 
eGFR in both donors postoperatively, but there was no difference between the two types of anesthesia. This is also 
consistent with the fact that there were also no differences in intraoperative mean arterial pressure changes between the 
two groups. A recent study has shown that sevoflurane increases renal sympathetic nerve activity and plasma renin, 
resulting in decreased urine output, sodium excretion and renal blood flow.41 However, the effect of propofol on renal 

Figure 4 Intraoperative haemodynamic indices. (A): Changes in mean arterial pressure (MAP) at half-hour intervals from the start of surgery in both groups. The decrease 
in MAP was greater in the sevoflurane (−0.88 mmHg (95% CI −5.49 to 3.73 mmHg)) anaesthesia groups compared to the propofol (1.87 mmHg (95% CI −2.30 to 
6.05 mmHg)) anaesthesia group, although this difference was not statistically significant (−2.75 mmHg (95% CI −9.00 to 3.49mmHg)). (B): Changes in systemic vascular 
resistance (SVR) at half-hour intervals after the start of surgery in both groups. The SVR fluctuated relatively smoothly between the two groups during the procedure, and 
there was no statistical difference between the two groups. (C): Changes in stroke volume variation (SVV) at half-hour intervals between the two groups after the start of 
surgery. Intraoperative changes in SVV were small in both the propofol anaesthesia groups (0.14% (95% CI, −0.97 to 1.26%)) and the sevoflurane anaesthesia groups (0.94% 
(95% CI 0.06 to 1.86%)), and there were no statistical differences (0.80% (95% CI −0.64 to 2.24%)) between the groups.(D): Changes in cardiac output (CO) at half-hour 
intervals between the two groups after the start of surgery. After the start of surgery, CO began to decrease significantly in the propofol anesthesia group and then leveled 
off afterwards (-0.42 mg·L−1 (95% CI -0.76 to -0.08 mg·L−1)), and the trend of change was the same in the sevoflurane anesthesia group (-0.38 mg·L−1 (95% CI -0.65 to -0.11 
mg·L−1)), and there was no statistical difference between the two groups (0.04 mg·L−1 (95% CI -0.40 to 0.48 mg·L−1)).
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excretion and plasma renin was less pronounced.42 In a randomized controlled trial of spinal surgery, sevoflurane 
anesthesia was found to reduce urinary output and sodium excretion more significantly than propofol anesthesia, with 
higher postoperative plasma creatinine.21 Although levels of sodium excretion were not tested, there was no difference in 
the intraoperative and postoperative changes in urine output between patients receiving both sevoflurane and propofol 
anesthesia in our study. We used goal-directed fluid therapy, which may account for the different results from other 
studies. Therefore, we suggest that intraoperative fluid management and hemodynamic stabilization may perhaps be more 
important for the prognosis or surgical patients than the choice of anesthetic.

The strengths of this study include measurements in a controlled clinical setting, in the perioperative period, in 
a homogeneous group of patients. Group undergoing the same type of surgery. This reduced inter- and intra-group 
variability. And the present study used longitudinal data collection for the primary outcome observation in an attempt to 
observe a pattern of dynamic change in perioperative outcome variables, which differs from the cross-sectional 
associations observed in previous studies.18,21 However, our study also had some limitations. This study only observed 
patients on postoperative day 6 and may still not be representative of long-term postoperative changes in renal function, 
which will be further investigated in future follow-ups. Most relative donors in this study were parents donating to their 
children. Caution should be advised in applying/extrapolating the findings of this study to other populations. Due to the 
low donor attention and lack of data in this field, experimental designs such as sample size calculations were derived 
based on limited experimental data. Future studies with larger sample sizes and longer time spans may be needed to 
verify the sustainability of this variable relationship over a longer time frame. Last but not least, considering the context 
of the COVID-19 pandemic, none of the participants in this study had a history of developing or having developed 
COVID-19 during their participation in the study. The conclusions of this study should be limited to a situation in which 
there is no effect of COVID-19.

Conclusion
There were no differences in the short-term postoperative changes in biomarkers of acute kidney injury in kidney 
transplant donors receiving intravenous anesthesia with propofol or inhalation anesthesia with sevoflurane, nor did they 
show a differential decrease in postoperative urine output and eGFR. Our study shows that renal dysfunction in patients 
undergoing nephrectomy surgery under sevoflurane anesthesia is similar to that in patients under sevoflurane anesthesia 
in short-term longitudinal changes.

Abbreviations
AKI, acute kidney injury; BMI, body mass index; CI, confidence interval; KIM-1, kidney injury marker-1; IL-18, 
interleukin-18; TIMP-2, tissue inhibitor of metalloproteinase-2; Cys-C, cystatin C; eGFR, estimated glomerular filtration 
rate; Scr, serum creatinine.
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