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Abstract 

Background  Acute kidney injury after CRS + HIPEC is a serious postoperative complication, but only a few studies 
have reported its postoperative risk factors. In addition, there are large discrepancies in the results of available obser-
vational studies.

Methods  We searched The Cochrane Library, Embase, Web of Science,and PubMed to identify observational stud-
ies reporting risk factors for AKI after CRS + HIPEC. A meta-analysis was performed to investigate the effect of various 
preoperative and intraoperative risk factors on AKI after CRS + HIPEC.

Results  A total of 7 studies were included in this study, comprising 1550 patients who developed AKI 
after CRS + HIPEC. The results of meta-analysis showed that the significant preoperative risk factors were age, sex, BMI, 
eGFR, Hb, PCI, diabetes mellitus, and hypertension. IO cisplatin, IO SBP < 100 was identified as an intraoperative risk 
factor, whereas IO mitomycin emerged as a protective factor for postoperative AKI. In addition, the risk of postopera-
tive AKI varied by primary tumor site, with Appendix being less prone to AKI, while mesothelioma and ovarian, two 
sites with a greatly elevated risk of postoperative AKI.

Conclusions  This meta-analysis identified a number of risk factors for postoperative AKI after CRS + HIPEC. By 
identifying these risk factors, it is more beneficial for clinicians to perform early preoperative interventions and select 
the most appropriate treatment strategy for their patients, thus minimizing the risk of postoperative AKI.

Trial registration  PROSPERO CRD42024585269.
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Introduction
Peritoneal surface malignancies (PSM) are usually asso-
ciated with poor prognosis and severe complications in 
patients [1]. PSM can be either primary tumors of the 
peritoneum or peritoneal metastases originating from 
secondary spread of tumors from other organs, includ-
ing intra-abdominal organs (e.g., gastrointestinal and 
ovarian tumors) or extra-abdominal organs (e.g., lung, 
breast, and kidney tumors) [2]. The poor prognosis 
of PSM patients has always been a challenge for clini-
cians, despite the adoption of maximal tumor resection 
combined with preoperative as well as postoperative 
adjuvant intravenous chemotherapy [3]. Cytoreductive 
surgery (CRS) combined with hyperthermic intraperito-
neal chemotherapy (HIPEC) has been used as a first-line 
treatment option for patients with progressive tumors of 
PSM and related abdominal organs [4–11]. Maximum 
resection of the tumor visible to the naked eye by CRS 
and continuous infusion of chemotherapeutic agents 
into the peritoneal cavity by means of HIPEC thereby 
inhibiting or killing microscopic residual cancer cells 
in the peritoneal cavity [3]. In patients with peritoneal 
metastases (PM), this is the only treatment that has been 
proven in studies to significantly improve patients’ 5-year 
survival [12, 13]. According to the results of the study, 
the 5-year survival rate of colorectal cancer-derived 
peritoneal metastases increased to 25–51% with CRS 
combined with HIPEC, while the 5-year survival rate of 
pseudomucinous tumors was as high as 60–80% [14–16]. 
In addition, encouraging results have been achieved with 
prophylactic CRS + HIPEC in patients with progressive 
abdominal tumors at high risk of peritoneal metastases 
[17, 18]. PSM patients can be treated with CRS + HIPEC 
to improve survival, but the concern is that this combina-
tion is often accompanied by terribly high morbidity and 
mortality, and not everyone can tolerate this aggressive 
treatment modality [19–21]. On the other hand, patients 
receiving combination therapy were more likely to expe-
rience grade 3 or higher grade adverse events compared 
to patients receiving CRS alone (34 of 131 patients vs. 20 
of 130 patients, p = 0.035) [22].

Acute kidney injury (AKI) is one of the most common 
complications after CRS + HIPEC, and its incidence has 
been reported to range from 1 to 48%, especially com-
mon in patients who possess a history of cisplatin use 
[23–25]. And AKI as a potentially dangerous complica-
tion has been reported in several studies [26, 27]. And the 
occurrence of AKI is closely associated with considerable 
morbidity and mortality [28]. The results of several stud-
ies have been shown that some risk factors are important 
predictors of postoperative CRS + HIPEC, including cis-
platin use, decreased eGFR, age, gender, obesity, hyper-
tension, and diabetes mellitus [29–33]. However, no 

studies have systematically summarized and evaluated 
the association between these risk factors and the occur-
rence of AKI after CRS + HIPEC.CRS + HIPEC improves 
the prognosis of patients, but the occurrence of postop-
erative AKI is often accompanied by prolonged hospi-
talization with increased mortality [24, 34, 35]. Therefore, 
we will focus on the effects of preoperative risk factors 
such as age, gender, body mass index (BMI), peritoneal 
cancer index (PCI), estimated glomerular filtration rate 
(eGFR), hemoglobin (Hb), diabetes mellitus, and hyper-
tension, intraoperative risk factors such as intraopera-
tive hypotension, intraoperative fluid management, and 
chemotherapeutic drug selection on AKI. In addition, 
the potential impact of different primary tumor sites on 
AKI risk will be explored. Through these analyses, we aim 
to provide clinicians with more accurate risk assessment 
tools and guide them to take targeted preventive meas-
ures preoperatively and intraoperatively to reduce the 
incidence of AKI and improve patient prognosis.

In patients undergoing CRS + HIPEC, AKI is a seri-
ous postoperative complication that is closely related to 
patient prognosis. Although studies have examined the 
risk factors for AKI, the results vary widely and lack sys-
tematic summarization. Therefore, the main objectives 
of this meta-analysis were (1) to determine the incidence 
of AKI after CRS + HIPEC. (2) To identify the major risk 
factors associated with the development of AKI after 
CRS + HIPEC. (3) To assess the effectiveness of reported 
prevention strategies and interventions in reducing the 
incidence and severity of AKI. (4) To identify gaps in 
existing research and suggest directions for future studies 
to improve patient outcomes and optimize perioperative 
management.

Materials and methods
This meta-analysis was conducted using the guidelines 
reported in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) declarative agree-
ment as the primary guideline [36] and was pre-regis-
tered in PROSPERO (CRD42024585269). The PRISMA 
checklist specific to this meta-analysis can be found in 
Appendix Table S1.

Search strategy
Two investigators (CDZ and WL) independently con-
ducted a systematic search in the Cochrane Library, 
Embase, Web of Science, and PubMed databases with 
the aim of identifying studies up to September 1, 2024 
on risk factors for AKI after CRS combined with HIPEC. 
We used MeSH terms and keywords including CRS, 
HIPEC, and AKI, connecting synonyms by “OR” and 
combining different terms by “AND”. We focused on 
English-language journal articles, excluded unpublished 
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and non-English literature, and reviewed only titles and 
abstracts to simplify screening. The detailed search strat-
egy is described in the Appendix document.

Inclusion and exclusion criteria
All included literature for this meta-analysis met the 
inclusion and exclusion criteria.

The inclusion criteria were as follows:

(1)	 The design was a case–control, cohort, or cross-
sectional study.

(2)	 Participants were adults (≥ 18  years of age) with 
primary or metastatic peritoneal tumors treated 
with CRS + HIPEC.

(3)	 Studies provided definitions of CRS and HIPEC and 
complete patient baseline data.

(4)	 Risk factors for AKI or the relationship between 
AKI and prognosis of patients after CRS + HIPEC 
were reported, and detailed event counts or odds 
ratios for the AKI and non-AKI groups were pro-
vided.

(5)	 AKI diagnosis using KDIGO or AKIN criteria [37, 
38].

(6)	 Study quality with a Newcastle–Ottawa Scale 
(NOS) score ≥ 6.

Exclusion criteria were as follows:

(1)	 reviews, conference reports, letters, case reports, 
and animal experiments.

(2)	 Studies of poor quality and lacking complete data or 
results.

(3)	 Articles with inaccessible full text or missing con-
tent.

Study selection and data extraction
The study screening process began with de-duplication of 
all retrieved literature using Endnote 20.0 software. Two 
authors (CDZ and LLF) then performed an initial screen-
ing of the literature by reviewing titles and abstracts to 
exclude studies that did not meet the predetermined 
inclusion and exclusion criteria. After the initial screen-
ing, the full text was evaluated to identify eligible stud-
ies. Any disagreements between the two authors were 
resolved through discussion with a third researcher who 
made the final decision. The study screening process is 
shown in Fig. 1.

We extracted the following data from the included 
studies using a specially designed form:

(1)	 Basic information about the article: first author, 
year of publication and type of study.

(2)	 Information about the participant population, 
including sample size, age, sex ratio, and region.

(3)	 Information on risk factors, divided into preopera-
tive risk factors, intraoperative risk factors, and dif-
ferent primary tumor sites, the specific classifica-
tion can be found in the results section.

(4)	 Study data and results, including event counts in 
the AKI and non-AKI groups for different risk fac-
tors, the magnitude of independent risk factors, and 
the incidence of potential risk factors in different 
studies.

Quality assessment and statistical analysis
Quality assessment was performed using the Newcastle–
Ottawa Scale (NOS) for case–control and cohort studies 
and the Cochrane Manual for randomized clinical tri-
als. Two authors (CDZ and WL) independently assessed 
studies in three domains: selection, comparability, and 
outcome/exposure. Scoring was done using a checklist 
containing 8 items, where 1–3 stars indicated low quality, 
4–6 stars indicated moderate quality, and 7–9 stars indi-
cated high quality. All included studies were rated as high 
quality with a score of ≥ 7 stars. See Appendix Table  S2 
for a detailed rating scale.

We conducted this meta-analysis using Review Man-
ager 5.4 and Stata 17.0 to assess the effect sizes of the risk 
factors, including the mean difference (MD) and the ratio 
of ratios (OR) and their 95% confidence intervals. Hetero-
geneity between studies was assessed using the Cochrane 
Q-test and I2 statistic. Where significant heterogeneity 
was detected (I2 ≥ 50%), it was analyzed using a random-
effects model, and sensitivity analyses were performed to 
determine the source of heterogeneity. Conversely, if het-
erogeneity was not significant (I2 < 50%), a fixed-effects 
model was used. Publication bias was assessed using fun-
nel plots, Begg’s test, and Egger’s test to ensure stability 
of the findings. All tests were two-tailed and P < 0.05 was 
considered statistically significant.

Results
Literature search results and study characteristics
A total of 63 articles on AKI after CRS + HIPEC were 
retrieved through the developed search strategy (Fig. 1). 
All retrieved articles were imported into Endnote 20.0 
software, and 16 duplicate articles were excluded using 
the software de-duplication function. By reading the 
titles and abstracts, 22 papers that did not meet the 
inclusion criteria were initially excluded. A total of 25 
papers were retained after the initial screening. Among 
the remaining papers, we performed full-text reading 
and excluded a total of 18 articles that did not meet the 
inclusion requirements, including 6 papers that could 
not extract data, 3 papers with Newcastle–Ottawa Scale 
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(NOS) scores lower than 6, 5 papers describing prob-
lems that were not related to the topic, and 4 papers that 
did not record the target results. In the end, a total of 7 
papers were included in this systematic review and meta-
analysis, all of which were retrospective studies and all of 
which described in detail the number of events or specific 
values of the different risk factors for postoperative AKI 
in the AKI group versus the Non-AKI group (Table 1).

This systematic review and meta-analysis investi-
gated a total of 1550 patients who developed AKI after 
CRS + HIPEC in seven studies. The included studies were 
published online from 2017 to 2024. Two of the included 
studies were from the United States, two from China, 
two from Germany, and one from Portugal. The largest 

proportion of all patients were from the United States 
(34.39%), followed by China (28.39%), Germany (25.48%), 
and Portugal (11.74%). A total of 28 risk factors as well 
as 6 different tumor primary sites were involved in the 
analysis of the impact of postoperative AKI. The risk fac-
tors were divided into preoperative and intraoperative 
for independent analysis, and a summary of the detailed 
analysis results can be found in Table  2. The main pri-
mary sites of the tumors were appendix (39%) and 
colorectal cancer (21%), followed by gastric (13%),pseu-
domyxoma peritonei (9%), mesothelioma (6%),ovarian 
(6%), andothers (4%). detailed distribution can be found 
in Appendix Figure S1. Detailed characteristics of the 
seven included studies can be found in Table 1.

Fig. 1  PRISMA fow diagram for study selection
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Preoperative risk factors
In the seven studies included in this meta-analysis, we 
pooled and analyzed a total of 20 potential preopera-
tive risk factors. These included the use of drugs such as 
ACEI or ARB, Diuretics, and NSAIDs, as well as patient 

age, gender, BMI, and PCI. We also performed a pooled 
analysis of patients’ preoperative Alb, preoperative Hb, 
preoperative eGFR, preoperative Urea, and Preoperative 
creatinine. In addition, the effect of various preopera-
tive underlying diseases of the patients, such as Chronic 

Table 2  Results of meta-analysis of risk factors

Studies(n) Patients
(Yes/No)

AKI (%) (Yes/No) OR/MD (95%CI) P Pheterogeneity I2

Preoperative risk factors
  Age 6 253/1059 NA 2.04 (0.55,3.52) 0.007 0.50 0%

  Sex 3 187/267 0.267/0.217 1.29 (0.84,2.00) 0.25 0.24 31%

  BMI 5 219/935 NA 1.22 (0.42,2.03) 0.003 0.65 0%

  ACEI or ARB 3 184/730 0.071/0.059 1.16 (0.28,4.81) 0.84 0.04 69%

  Diuretics 2 83/356 0.145/0.096 1.80 (0.86,3.76) 0.12 0.87 0%

  NSAIDs 2 56/408 0.589/0.532 1.69 (0.78,3.67) 0.19 0.41 0%

  PCI 3 69/329 NA 3.79 (1.49,6.10) 0.001 0.51 0%

  Alb 2 67/373 NA -0.06 (-1.08,0.97) 0.91 0.32 0%

  Hb 2 67/373 NA -5.87 (-10.90,-0.83) 0.02 0.94 0%

  eGFR 3 90/532 NA -11.53 (-17.89,-5.17) 0.0004 0.97 0%

  Urea 2 84/231 NA 2.40 (-0.28,5.09) 0.08 0.07 69%

  Creatinine 3 163/527 NA 0.04 (-0.01,0.09) 0.14 0.24 31%

  Chronic kidney disease 2 151/481 0.033/0.010 3.36 (0.96,11.80) 0.06 0.72 0%

  Heart disease 5 280/1030 0.054/0.043 1.56 (0.83,2.92) 0.17 0.19 35%

  Diabetes mellitus 5 280/1030 0.118/0.084 1.78 (1.15,2.75) 0.01 0.37 6%

  Hypertension 4 179/656 0.453/0.268 2.43 (1.37,4.31) 0.002 0.06 59%

  Neoadjuvant therapy 3 185/605 0.405/0.379 1.13 (0.80,1.60) 0.49 0.47 0%

  Preoperative chemotherapy 4 219/958 0.461/0.506 0.76 (0.47,1.24) 0.28 0.08 56%

  Hospitalization (days) 2 73/266 NA 4.69 (-2.46,11.84) 0.20 0.09 65%

  ICU duration (days) 2 73/266 NA 1.95 (-0.72,4.62) 0.15 0.11 61%

Intraoperative risk factors
  IO fluid 2 46/170 NA 79.20 (-135.33,293.72) 0.47 0.31 0%

  IO SBP < 100 2 84/231 NA 10.95 (3.15,18.75) 0.006 0.50 0%

  IO transfusion 3 185/605 0.330/0.344 0.90 (0.47,1.72) 0.74 0.08 60%

  IO transfusion(correction) 2 135/498 0.378/0.339 1.20 (0.80,1.79) 0.38 0.79 0%

  IO vasopressors 2 84/231 0.738/0.766 0.51 (0.09,2.99) 0.45 0.01 85%

  IO urine output 2 84/231 NA 27.15 (-127.21,181.51) 0.73 0.75 0%

  Operation time 3 79/419 NA 21.92 (-20.25,64.08) 0.31 0.14 50%

Chemotherapy regimens
  Mitomycin 3 186/709 0.695/0.803 0.53 (0.26,1.10) 0.09 0.04 70%

  Mitomycin (correction) 2 124/533 0.645/0.812 0.41 (0.26,0.63)  < 0.0001 0.33 0%

Cisplatin 4 208/764 0.457/0.251 2.84 (1.27–6.35) 0.01 0.003 79%

Tumor site
  Appendix 5 270/940 0.289/0.421 0.48 (0.24,0.98) 0.04 0.04 61%

  Ovary 4 169/566 0.159/0.088 2.31 (1.37,3.89) 0.002 0.45 0%

  Mesothelioma 4 236/816 0.161/0.069 1.21 (0.69,2.12) 0.01 0.07 57%

  Mesothelioma(correction) 3 174/640 0.178/0.058 3.53 (2.09,5.94)  < 0.00001 0.86 0%

  Gastric 4 169/566 0.237/0.196 1.22 (0.40,3.75) 0.73 0.001 81%

  Gastric(correction) 3 119/459 0.193/0.220 0.71 (0.42,1.19) 0.19 0.37 0%

  Pseudomyxoma peritone 3 186/709 0.129/0.111 1.10 (0.66,1.83) 0.71 0.52 0%

  CRC​ 5 270/940 0.167/0.223 0.69 (0.48,0.99) 0.05 0.48 0%
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kidney diseas, Diabetes mellitus, Heart disease, Hyper-
tension, and the patients’ preoperative Neoadjuvant 
therapy and Preoperative chemotherapy on the Postop-
erative AKI were also included in our analysis.Hospital-
ization (days) and ICU duration (days) as potential risk 
factors for postoperative AKI were also explored. All 
the data related to the above risk factors were collected 
through specially designed and scientifically based statis-
tical forms, and preoperative risk factors with complete 
and comparable data were analyzed in a pooled manner, 
in which eight risk factors such as age, gender, BMI, PCI, 
eGFR, Hb, Diabetes mellitus, and Hypertension were 
considered to have a statistically significant (p < 0.05), and 
the results of meta-analysis of all the above potential risk 
factors can be found in Table 2.

Age
A total of six studies [23, 24, 30–33] recorded information 
on the distribution of age in the AKI group versus the 
Non-AKI group, and information on age was reported as 
mean ± standard deviation. The heterogeneity test sug-
gested that there was no heterogeneity between studies 
(I2 = 0%, P = 0.50). Therefore, a fixed-effects model was 
chosen for the analysis and the pooled analysis showed 
(MD = 2.04, 95% CI: 0.55,3.52, p = 0.007) (Fig.  2A). We 
therefore conclude that advanced age is one of the preop-
erative risk factors for AKI after CRS + HIPEC.

Sex
A total of six studies [23, 24, 29, 31–33] described the 
gender distribution of patients, recorded using dichoto-
mous variables. After performing the test for heteroge-
neity (I2 = 21%, P = 0.27), meta-analysis was performed 
using a fixed-effects model. The results suggested a sig-
nificant and statistically significant difference between 
the two groups (OR = 1.53, 95% CI: 1.17,2.00, p = 0.002) 
(Fig.  2B). Therefore, we conclude that the risk of AKI 
after CRS + HIPEC is greater in male patients than in 
female patients. Gender is one of the preoperative risk 
factors for postoperative AKI.

BMI
A total of five studies [23, 24, 30, 31, 33] reported detailed 
information on patients’ BMI using mean ± stand-
ard deviation data recording. The heterogeneity test 
suggested no heterogeneity between studies (I2 = 0%, 
P = 0.65). Analysis using the fixed effect model showed a 
significant and statistically significant difference between 
the two groups (MD = 1.22, 95% CI: 0.42,2.03, p = 0.003) 
(Fig.  2C). Therefore, we can conclude that the risk of 
postoperative AKI after CRS + HIPEC increases as the 
value of BMI increases.

Peritoneal cancer index
A total of three studies [24, 31, 32] referred to patients’ 
preoperative Peritoneal cancer index (PCI), and the data 
were described using mean ± standard deviation record-
ing. By heterogeneity test (I2 = 0%, P = 0.51), P > 0.1 
suggests that there is no heterogeneity between stud-
ies, so we used fixed effect model for pooled analysis. 
The results showed a significant difference between the 
AKI and Non-AKI groups, and the results were statisti-
cally significant (MD = 3.79, 95% CI: 1.49,3.79, p = 0.003) 
(Fig.  2D). Therefore, we conclude that higher preopera-
tive PCI is one of the significant risk factors for postop-
erative AKI.

Preoperative eGFR and Hb
A total of three studies [30–32] reported details of Pre-
operative eGFR, recorded as mean ± standard deviation. 
Pooled analysis of the data using continuous variables 
and random effects model (I2 = 0%, p = 0.97) suggested 
that there was no heterogeneity between the two and 
there was a significant difference between the two groups 
(MD = -11.53, 95%CI: -17.89,-5.17, p = 0.0004) (Fig.  2E). 
Therefore, we conclude that a decrease in Preoperative 
eGFR leads to an increase in the incidence of AKI after 
CRS + HIPEC and that Preoperative eGFR is a significant 
preoperative risk factor.

In addition, a total of 2 studies [30, 32] referred to the 
Preoperative Hb of patients and recorded detailed data 
in the form of mean ± standard deviation. Heterogene-
ity analysis showed no heterogeneity between the two 
(I2 = 0%, P = 0.94), which was analyzed using continu-
ous variables and fixed effects model. The results sug-
gested a significant difference between the two groups 
(MD = -5.87, 95%CI: -10.90,-0.83, p = 0.02) (Fig.  2F) and 
were statistically significant. In other words, a decrease in 
preoperative Hb increased the incidence of postoperative 
AKI.

Diabetes mellitus and hypertension
A total of five studies [23, 29, 30, 32, 33] reported diabe-
tes in 1310 patients, detailing the number of people in the 
AKI group compared with those in the Non-AKI group. 
The heterogeneity test suggested that there was no heter-
ogeneity among the studies (I2 = 6%, P = 0.37), so we used 
a fixed-effects model for meta-analysis. The results sug-
gested that diabetes mellitus was one of the significant 
risk factors for AKI after CRS + HIPEC, and the results 
were statistically significant (OR = 1.78, 95% CI: 1.15,2.75, 
p = 0.01) (Fig. 2G).

In addition a total of four studies [29, 30, 32, 33] 
reported information on patients’ hypertension, of which 
the results of Annika et al. versus Bai et al. indicated that 
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Fig. 2  Forest plot of preoperative risk factors: A age; B sex; C BMI; D peritoneal cancer index (PCI); E preoperative eGFR; F preoperative Hb; G 
diabetes mellitus; H hypertension
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preoperative hypertension was a risk factor for postop-
erative AKI (P > 0.05). On the contrary, the findings of 
Lu et al. versus Lukas et al. concluded that hypertension 
does not lead to an increased risk of postoperative AKI. 
Therefore, we performed a meta-analysis using a ran-
dom-effects model (I2 = 59%, p = 0.06), which showed a 
significant difference between the two groups (OR = 2.43, 
95% CI: 1.37,4.31, p = 0.002) (Fig.  2H), and the results 
were statistically significant. For the high heterogeneity 
of the pooled analysis, we used a case-by-case exclusion 
method to explore the source of heterogeneity, and the 
results showed that the I2 values stabilized and no signifi-
cant source of heterogeneity was found.

Other preoperative risk factors
Other preoperative risk factors included the use of drugs 
such as ACEI or ARB, Diuretics, NSAIDs, laboratory 
findings such as preoperative Alb, preoperative Urea and 
Preoperative creatinine. Similarly, we performed a pooled 
analysis of the above risk factors, but the results sug-
gested that there was no significant difference between 
the two groups (P > 0.05). Detailed results of heterogene-
ity analysis and pooled analysis can be found in Table 2.

Intraoperative risk factors
In our seven included articles, we defined a total of eight 
risk factors as intraoperative risk factors, including the 
use of chemotherapeutic agents cisplatin and mitomy-
cin in HIPEC, IO fluid, IO SBP < 100, IO transfusion, IO 
vasopressors, operation time, urine output, and other 
parameters. We tested the heterogeneity of the above 
risk factors and selected the appropriate effect model 
for pooled analysis based on their results to obtain sci-
entific conclusions. The results suggested that the use 
of chemotherapeutic drugs cisplatin, mitomycin and IO 
SBP < 100(min) were significantly and statistically differ-
ent between the two groups. Detailed results are shown 
in Table 2.

Operative time
A total of three studies [24, 30, 32] reported specific sur-
gical times, using a mean ± standard deviation form of 
data recording. After testing for heterogeneity (I2 = 50%, 
P = 0.14), the pooled data were analyzed using a ran-
dom effects model. The results showed that the duration 
of surgery was not significantly different between the 
two groups (MD = 21.92, 95%CI: -20.25,64.08, p = 0.31) 
(Fig. 3A) and the results were not statistically significant. 
In other words, it is not yet possible to consider the dura-
tion of surgery as one of the risk factors for AKI after 
CRS + HIPEC.

Chemotherapy regimens
A total of 5 of the 7 included studies in this meta-analysis 
mentioned and documented the number of events in the 
AKI group compared with the number of events in the 
Non-AKI group with different intraoperative chemother-
apy regimens. Intraoperative chemotherapy regimens 
included the use of drugs such as cistplatin, oxilaplatin, 
and mitomycin, of which the data for cistplatin and mito-
mycin were comparable, so we analyzed the data for 
these two drugs separately.

A total of four studies [24, 31–33] reported a com-
parison of the number of events in patients using the 
chemotherapeutic agent cistplatin in HIPEC, using a 
dichotomous variable recording format. Heterogene-
ity analysis was performed and revealed heterogeneity 
among the studies (I2 = 79%, p = 0.01), and the results 
suggested that intraoperative use of cistplatin greatly 
increased the risk of postoperative AKI (OR = 2.84, 95% 
CI: 1.27,6.35, p < 0.0001) (Fig. 3B). When we explored the 
source of heterogeneity using a cull-by-cull approach, we 
found that I2 values stabilized (66%-79%) and no source 
of heterogeneity was identified.

Three studies [23, 29, 31] reported the use of the drug 
mitomycin between the two groups, and the heterogene-
ity analysis revealed a large heterogeneity between the 
studies (I2 = 70%, P = 0.04), so we used a case-by-case 
exclusion method to explore the source of heterogene-
ity. When we excluded the data from Annika et  al. [29] 
study, we found that the heterogeneity disappeared 
(I2 = 0%, P = 0.33), and thus we determined that the data 
from Annika et al.’s study was the source of heterogeneity. 
After eliminating the source of heterogeneity, we found 
that the data from the studies of Eduarda [31] et al. and 
Juan et  al. [23] had considerable homogeneity, and by 
pooling and analyzing the data from both, we found that 
the use of mitomycin was significantly different between 
the two groups, and that the use of mitomycin was one 
of the protective factors given for postoperative AKI, and 
the results had a statistically significant (OR = 0.41, 95% 
CI: 0.26,0.63, p < 0.0001) (Fig. 3C).

IO SBP < 100 mmHg(min)
A total of 2 studies [32, 33] recorded the specific time 
(min) for intraoperative IO SBP < 100  mmHg and 
described the data as mean ± standard deviation. Pooled 
analysis of the data from Lu et al. and Lukas et al. using 
a random-effects model (I2 = 0%, p = 0.50) revealed 
a significant difference between the two groups and 
the results were statistically significant (MD = 10.95, 
95%CI:3.15,18.75, p = 0.006) (Fig. 3D). Therefore, we got 
the conclusion that prolonged duration of intraoperative 
IO SBP < 100 leads to increased risk of postoperative AKI 



Page 11 of 21Chen et al. World Journal of Surgical Oncology           (2025) 23:40 	

after CRS + HIPEC and is one of the intraoperative risk 
factors.

Other intraoperative risk factors
Other intraoperative risk factors included parameters 
such as IO fluid, IO transfusion, IO vasopressors, and 
urine output. Detailed results of heterogeneity analysis 
with meta-analysis can be found in Table 2.

Two studies [24, 32] explored the effect of IO fluid 
on postoperative AKI, and the results told us that IO 
fluid was not one of the intraoperative risk factors 
(MD = 79.20, 95%CI:-135.33,293.72, p = 0.47).

Three studies [23, 32, 33] mentioned detailed data 
on IO transfusion, analyzed by random effects model 
(I2 = 60%, p = 0.08), which suggested that IO transfusion 
was not significantly different between the two groups 
(OR = 0.90, 95%CI:0.47,1.72, p = 0.74). Heterogeneity 
between studies disappeared after excluding data from 

Fig. 3  Forest plot of intraoperative risk factors: A operative time; B cistplatin; C mitomycin; D IO SBP < 100
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the study by Lukas et al. (I2 = 0%, p = 0.79). However, the 
conclusions did not change (OR = 1.20, 95%CI:0.80,1.79, 
p = 0.38).

2 studies [32, 33] reported the effect of IO vasopressors 
on postoperative AKI, and the data were pooled and ana-
lyzed using a random-effects model, and the results sug-
gested that the use of intraoperative vasopressors did not 
increase the risk of AKI.

In addition, a total of 2 studies [32, 33] recorded 
patients’ intraoperative urine output, and complete data 
were recorded by mean ± standard deviation. We also 
performed a meta-analysis, and the results suggested that 
the increase or decrease in intraoperative urine output 
was not one of the risk factors for postoperative AKI, and 
the results were not statistically significant (MD = 27.15, 
95% CI:-127.21,181.51, p = 0.73).

Primary tumor site
A total of five out of seven included studies reported 
the comparative number of events and incidence of AKI 
after CRC + HIPEC for different primary tumor sites. In 
our dataset, the most common primary site was appen-
dix (39%), followed by colorectal (21%) and gastric (13%), 
and the other sites and their percentages were pseudo-
myxoma peritonei (9%), mesothelioma (8%), ovarian 
(6%), and others (4%), respectively. For different sites 
of primary tumors, we separately and independently 
performed heterogeneity tests and selected appropri-
ate models for meta-analysis to investigate whether the 
primary tumor site was a potential risk factor for post-
operative AKI. The detailed results of the heterogeneity 
analysis and meta-analysis are shown in Table 2.

Among them, a total of five studies [23, 29, 31–33] 
reported the number of events of appendiceal site 
between the AKI group and Non-AKI group, and the 
data were pooled and analyzed by using a dichotomous 
variable with a random-effects model (I2 = 61%, P = 0.04), 
and the exclusion of the studies one by one revealed that 
the I2 values stabilized, and no source of heterogene-
ity was found. The results suggested that patients with 
tumors at the appendix site had a significantly lower 
risk of postoperative AKI (OR = 0.48, 95%CI:0.24,0.98, 
p = 0.04) (Fig. 4A).

In addition, four studies reported the role of primary 
tumors at mesothelioma [23, 29, 31, 33] and ovarian 
[29, 31–33] sites on postoperative AKI, respectively. 
Our pooled analysis of the data revealed that the risk 
of postoperative AKI, regardless of whether the tumor 
was at mesothelioma (OR = 2.54, 95%CI:1.21,5.30, 
p = 0.01) (Fig. 4B) or ovarian (OR = 2.31, 95%CI:1.37,3.89, 
p = 0.002) (Fig. 4C) sites, was substantially increased.

Subgroup analysis
Considering that the populations studied in our inclu-
sion study came from all over the world, we divided 
them into three regions, including Europe, Asia, and 
the Americas, and conducted subgroup analyses of the 
age and gender factors to explore whether regional fac-
tors contribute to the creation of greater heterogene-
ity. The results suggested that in the Asian subgroup 
(p = 0.74) and the European subgroup (p = 0.09), the age 
factor was not significantly different between the AKI 
and Non-AKI groups, and the results were not statis-
tically significant. In contrast, in the Americas sub-
group, older patients were more likely to develop AKI 
after CRS + HIPEC (p = 0.003) (Fig.  5A). Therefore, 
we conclude that the concept of age as a risk factor for 
postoperative AKI may be more appropriate for the 
American population. Subgroup analysis of the gender 
factor suggested that the results were consistent with 
the total effect in the American (p = 0.007) and Euro-
pean (p = 0.04) populations. In contrast, the Asian pop-
ulation showed the opposite results (Fig. 5B).

In addition, since the included studies used two dif-
ferent diagnostic criteria, AKIN and KDIGO, for the 
definition of AKI, we grouped them with different diag-
nostic criteria for subgroup analysis. For diabetes mel-
litus, a preoperative risk factor, the results suggested 
that diabetes mellitus did not lead to an increased risk 
of postoperative AKI under the AKIN diagnostic cri-
teria (p = 0.34). And under the KDIGO diagnostic cri-
teria, the results were consistent with the total effect 
(p = 0.02) (Fig. 5D). In addition, we also performed sub-
group analysis for appendix (Fig. 5E) and mesothelioma 
(Fig.  5F). The results all suggested significant differ-
ences between the two groups only under the KDIGO 
diagnostic criteria. Therefore, we conclude that for 
part of the meta-analysis results may be more accurate 
under the KDIGO diagnostic criteria. On the contrary, 
the subgroup analysis of the gender factor suggested 
that there was a significant difference between the 
two groups only under the AKIN diagnostic criteria 
(Fig. 5C). The results of the detailed subgroup analysis 
are shown in Table 3.

Publication bias
Due to the limited number of included studies, it was not 
possible to visualize publication bias among studies using 
funnel plots, so we used the Egger test and Begg test to 
explore whether there was significant publication bias 
among the included studies. In addition, we used a sensi-
tivity analysis of the relevant risk factors using round-by-
round exclusion hair to ensure the stability of the study 
results.
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We conducted Egger’s test and Begg’s test for age 
(Appendix Figure S2A-S2D), gender (Appendix Fig-
ure S3A-S3D), BMI (Appendix Figure S4A-S4D), DM 
(Appendix Figure S5A-S5D), and appendix (Appendix 
Figure S6A-S6D), respectively, and observed the change 
of the total effect value after excluding the included 
literature one by one. The results suggested that the 
p-values of Egger’s test and Begg’s test for the risk fac-
tors mentioned above were greater than 0.05, sug-
gesting that there was no significant publication bias 
among the studies. Therefore, we conclude that publi-
cation bias has no significant effect on the findings of 
this meta-analysis, and the results are highly stable. The 

detailed Egger test and Begg test results are shown in 
Table 4.

Discussion
Patients with peritoneal surface malignancies (PSM) 
often face severe complications and poor survival prog-
nosis [1, 39]. Currently, cytoreductive surgery (CRS) 
combined with hyperthermic intraperitoneal chemother-
apy (HIPEC) has become the primary treatment modality 
for the treatment of patients with primary or metastatic 
peritoneal tumors [4–11].CRS + HIPEC significantly 
improves the survival prognosis of the patients [40, 41], 
but HIPEC is associated with higher mortality and mor-
bidity along with the improvement in the prognosis [42, 

Fig. 4  Forest plot of primary tumor site: A appendix; B mesothelioma; C ovarian
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43].CRS + HIPEC has a perioperative mortality rate of 
approximately 4% and a combined incidence of postop-
erative related complications of up to 40% [19, 44]. Acute 
kidney injury (AKI), one of the most serious complica-
tions in cancer treatment, significantly increases the 
length of hospitalization and is strongly associated with 
high morbidity and mortality [45]. Despite continuous 
improvement in perioperative management, the inci-
dence of complications after major surgery still exceeds 
30% [46], of which AKI accounts for 13%, and patients 
with these AKIs face more than a six-fold increased 
risk of death [47–49]. Therefore, early identification 
of risk factors for AKI after CRS + HIPEC and preop-
erative interventions targeting reversible risk factors 
are essential to improve patient prognosis. In this study, 

Fig. 5  Forest plot of subgroup analysis: A age; B sex(region); 
C sex(diagnostic criteria); D diabetes mellitus; E appendix; F 
mesothelioma

Table 3  Results of subgroup analysis of risk factors

Studies(n) OR/MD (95%CI) P Pheterogeneity I2

Age
  America 2 3.78 (1.24,6.32) 0.003 0.98 0%

  Asian 2 0.37 (-1.83,2.57) 0.74 0.81 0%

  Europe 2 2.84 (-0.46,6.14) 0.09 0.91 0%

Sex
  America 2 1.79 (1.18,2.74) 0.007 0.40 0%

  Asian 1 0.78 (0.35,1.72) 0.54 NA NA

  Europe 2 1.57 (1.02,2.41) 0.04 0.32 13%

Diabetes mellitus
  AKIN 2 1.71 (0.57,5.06) 0.34 0.10 64%

  KDIGO 3 2.14 (1.14,4.00) 0.02 0.60 0%

Sex
  AKIN 2 1.86 (1.31,2.66) 0.0006 0.87 0%

  KDIGO 4 1.14 (0.71,1.81) 0.59 0.33 0%

Appendix
  AKIN 2 0.75 (0.31,1.79) 0.52 0.16 50%

  KDIGO 3 0.29 (0.09,0.96) 0.04 0.06 64%

Mesothelioma
  AKIN 2 1.75 (0.50,6.07) 0.38 0.03 80%

  KDIGO 2 4.25 (1.80.10.03) 0.001 0.89 0%

Table 4  Begg’s and Egger’s p value of postoperative risks factors 
for AKI after CRS + HIPEC

Risk factors Begg’s
p-Value

Egger’s
p-Value

Age 1.00 0.432

Sex 0.26 0.079

BMI 0.06 0.123

Diabetes mellitus 0.806 0.880

Appendix 1.00 0.836
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the combined incidence and risk factors of AKI in PSM 
patients after CRS + HIPEC were comprehensively ana-
lyzed by meta-analysis.

This meta-analysis of the incidence of postoperative 
AKI after CRS + HIPEC in the seven included articles 
suggested that the combined incidence of postoperative 
AKI was approximately 22.9%. In contrast, the incidence 
of postoperative AKI after CRS + HIPEC ranged from 1 
to 48% as reported in previous studies [33]. The large dif-
ferences in incidence rates among studies may stem from 
differences in sample size or differences in diagnostic 
criteria for AKI. In this study, a total of five studies used 
the most widely recognized KDIGO diagnostic criteria 
and two studies used the AKIN criteria. The incidence 
of AKI under different diagnostic criteria was counted 
separately, resulting in 23.7% for the AKIN criterion and 
22.54% for the KDIGO criterion, which were close to 
each other and within the range of 1–48%.

Our study showed that higher body mass index (BMI) 
was associated with an increased risk of acute kid-
ney injury (AKI) after CRS + HIPEC (p < 0.05), which is 
consistent with the findings of Juan et  al. However, the 
studies by Samer et al. and Eduarda et al. did not find a 
significant association between BMI and AKI. We note 
that there were differences between the study by Juan 
et al. using the AKIN diagnostic criteria and other studies 
using the KDIGO criteria. After excluding the data from 
Juan et al., there was no significant association between 
BMI and AKI (p > 0.05), suggesting that BMI as a risk 
factor for AKI may be applicable only to the AKIN crite-
ria. Obesity is associated with a variety of inflammatory 
responses and diseases, including heart disease, hyper-
tension, and osteoarthritis [50, 51], and has been linked 
to the development and progression of cancer [52–54]. 
Obese patients face a higher risk of complications in the 
perioperative period [55, 56]. Conversely, underweight 
patients have higher surgical mortality associated with 
low albumin levels and energy reserves [57, 58]. There-
fore, preoperative weight management is crucial for post-
operative recovery.

The Peritoneal Cancer Index (PCI) scoring system, 
proposed by Sugarbaker et  al., is widely used to assess 
peritoneal metastasis of abdominal tumors [59–61]. The 
system divides the abdomen into 13 regions and assesses 
tumor spread and the feasibility of CRS by scoring tumor 
size [62].PCI has also been associated with a high risk 
of death in patients after CRS + HIPEC [63]. Our meta-
analysis showed that higher preoperative PCI values were 
associated with a higher incidence of postoperative AKI. 
This finding is consistent with the study of Samer et  al. 
but contrary to the studies of Eduarda et al. and Lu et al. 
It may be related to the different PCI scoring methods 
and the subjectivity of the scorers.PCI is a powerful tool 

for assessing patients’ preoperative risk and postopera-
tive prognosis, and our study also demonstrated that PCI 
reliably predicts postoperative AKI.Therefore, PCI scor-
ing should be routinely performed in patients with peri-
toneal carcinomatosis preoperatively performed to assess 
tumor load and risk of postoperative complications and 
to guide treatment selection.

The highly correlated relationship between advanced 
age and various renal function indices with AKI has 
been confirmed by several studies [64, 65].People aged 
65 years or older are defined as traditionally elderly, and 
this segment of the population is currently the fastest 
growing in developed countries [66]. Acute kidney injury 
(AKI), however, is one of the most common emergencies 
among elderly patients, and its incidence has been on 
the rise in recent years. Its main pathogenesis lies in the 
fact that aging kidneys are often accompanied by struc-
tural changes and functional decline. As the kidneys age, 
the renal blood vessels and glomeruli gradually become 
sclerotic, leading to a series of functional changes. For 
example, the decline of eGFR, the decrease of ultrafiltra-
tion coefficient, and the decreasing ability of the kidney 
to regulate itself [67, 68]. The results of our meta-anal-
ysis suggest that two factors, advanced age and decline 
in eGFR, are among the high-risk factors for AKI after 
CRS + HIPEC. For the elderly aged 65 years or above, we 
should pay more attention to the changes of preoperative 
renal function indexes in patients during preoperative 
evaluation, and timely monitoring and early intervention 
are particularly important. In addition, for the identifica-
tion of patients with acute kidney injury, proteinuria and 
eGFR should be monitored at the same time, which not 
only improves the identification rate of AKI, but also fur-
ther evaluates the long-term prognosis of patients [69].

In our study, diabetes mellitus and hypertension were 
identified as preoperative risk factors for AKI after 
CRS + HIPEC.DM and hypertension have gained wide-
spread attention as serious global public health prob-
lems. And, their high correlation with AKI has been 
confirmed by several studies [70, 71]. DM-associated 
AKI, which mainly originates from circulatory disor-
ders and changes in the renal microenvironment caused 
by metabolic disorders, thus affecting the self-repairing 
ability of the kidneys, has led to the development of a 
series of complications [72]. The pathological mecha-
nism of hypertension-related AKI is mainly that the sus-
tained elevation of blood pressure puts the kidneys in a 
state of hyperperfusion leading to thickening and hard-
ening of the vessel wall, and ultimately the formation of 
atherosclerosis. In addition, glomerular injury and tubu-
lointerstitial fibrosis are also important causes. There-
fore, before CRS + HIPEC is performed in patients with 
DM and hypertension, the main strategy of treatment 
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should be focused on glycemic control and blood pres-
sure management.

We performed a meta-analysis of a total of eight 
intraoperative factors and finally identified IO 
SBP < 100 mmHg(min) as an intraoperative risk factor for 
AKI. It is also mentioned in the KDIGO guidelines that 
maintaining stable blood pressure intraoperatively, espe-
cially avoiding hypotension, will reduce the risk of kid-
ney injury. Several studies (single and multicenter) exist 
to demonstrate the association between intraoperative 
hypotension and postoperative AKI [49, 73, 74]. However, 
blood pressure was described in the studies as mean arte-
rial pressure (MAP), and in 40% of these patients, MAP 
was below 65  mmHg (for 10–12  min) during surgery. 
Therefore, although we confirmed that intraoperative 
SBP < 100  mmHg increases the risk of developing post-
operative AKI, limited by the limited number of studies 
we included, more future studies are needed to confirm 
the association between intraoperative hypotension and 
postoperative AKI after CRS + HIPEC. In addition, the 
effect of different mean arterial pressure (MAP) gradients 
on AKI in hypotensive states will be one of our future 
research directions.

Common chemotherapeutic agents used in HIPEC sur-
gery, including oxaliplatin, cisplatin (CDDP), and mito-
mycin C (MMC). Our study conducted a meta-analysis 
of the role of MMC and cisplatin on postoperative AKI. 
One of the surprises was that MMC appeared to be rela-
tively protective against postoperative AKI. Extant stud-
ies have explored various aspects of the use of MMC 
with oxaliplatin in HIPEC. Among them, the results of 
van et  al. suggested that oxaliplatin not only shortened 
the time but also had no adverse effect on postopera-
tive complications or short-term survival compared with 
MMC infusion therapy [75]. In a retrospective study of 
patients with colon cancer by the American Society for 
Peritoneal Surface Malignancies (ASPSM), a total of 539 
patients who received MMC and oxaliplatin respectively 
were analyzed for survival [76]. The results suggested 
that the MMC group appeared to have a better survival 
prognosis (32.7  months) compared to the OS of the 
oxaliplatin group (31.4  months). In addition, moreover, 
the results of a study showed that intraoperative coad-
ministration of cisplatin and MMC was not associated 
with an increase in the incidence of postoperative AKI 
[77]. As an alkylating agent, cisplatin is widely used in 
the treatment of tumors, and is particularly effective in 
gastrointestinal and gynecological tumors. However, the 
use of cisplatin is associated with several complications, 
including nephrotoxicity, ototoxicity, neurotoxicity, and 
vomiting. The most significant complication is nephro-
toxicity. The main pathogenesis of nephrotoxicity is acute 

or subacute tubular necrosis due to injury of proximal 
tubules. According to the KDIGO guidelines, we recom-
mend avoiding nephrotoxic drugs and using renoprotec-
tive measures such as sodium thiosulfate and amifostine 
when necessary, especially after cisplatin chemotherapy. 
Among them, the prevention of nephrotoxicity after 
HIPEC by sodium thiosulfate has been confirmed by sev-
eral studies [29, 78, 79]. The effectiveness of the drug has 
been gradually proved as the studies continue, but for 
the nephrotoxicity of cisplatin we still need to develop a 
standardized treatment regimen with the aim of reduc-
ing the postoperative AKI caused by nephrotoxicity.In 
addition, in the KDIGO guidelines, the importance of 
establishing a multidisciplinary team that includes neph-
rologists, intensivists, surgeons, and anesthesiologists to 
work together in the management of patients with AKI is 
specifically mentioned.

Finally, in this study, we specifically focused on the 
effect of the dose of chemotherapeutic agents used in 
HIPEC on postoperative acute kidney injury (AKI). 
Although we provided detailed information on the doses 
of chemotherapeutic agents used in different studies, 
we found it challenging to perform a direct meta-anal-
ysis due to the heterogeneity of the data. Our analysis 
revealed a possible association between the type and 
dose of chemotherapeutic agents and the risk of AKI, 
especially when cisplatin (Cisplatin) was used, which was 
significantly associated with an increased risk of post-
operative AKI. In contrast, mitomycin (Mitomycin C) 
showed a protective effect against postoperative AKI. 
These findings underscore the importance of optimizing 
chemotherapeutic drug dosing in HIPEC treatment and 
the need for further studies to determine the impact of 
different chemotherapy regimens on AKI risk. Future 
studies require more standardized data collection and 
more refined dose–response analyses to better under-
stand the role of chemotherapeutic agents in HIPEC and 
provide guidance for clinical practice.

Strengths and limitations
This systematic review and meta-analysis provides the 
first complete search and scientific analysis of the risk 
factors for AKI after CRS + HIPEC and a comprehen-
sive analysis of the incidence of postoperative AKI in 
extant. It fills the gap of incomplete data on AKI risk fac-
tors and innovatively evaluates the impact of different 
primary tumor sites on the incidence of postoperative 
AKI.Although our study provides valuable information 
about risk factors for AKI after CRS + HIPEC, there are 
some limitations. All included studies were retrospec-
tive cohort studies, which may be subject to selection 
bias and information bias. In addition, heterogeneity 
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among studies may have affected the interpretation of 
the results. Although we used random effects models and 
sensitivity analyses to deal with heterogeneity, the influ-
ence of these factors on the overall conclusions cannot 
be excluded. Our study may also have been affected by 
publication bias, although Begg’s and Egger’s tests did not 
detect significant publication bias. Among the included 
studies, there were differences in the specific modalities 
of CRS and HIPEC, the selection and dosage of chemo-
therapeutic agents, and the diagnostic criteria for AKI. 
This diversity may have influenced the assessment and 
comparison of AKI risk factors.In addition, data com-
pleteness and reporting bias are potential limitations of 
our study, as only published studies were included and 
some unpublished results may be missing. Finally, the 
results of our study may be limited by geographic and 
population distribution, with most studies coming from 
specific regions and may not be fully representative of the 
global picture.

Future directions
Due to the limited number of included studies, we lacked 
detailed information on some of the potential risk fac-
tors and thus the corresponding analyzed results. For 
example, Annika et al. [29] found that patients possessing 
coronary artery disease increased the risk of AKI after 
CRS + HIPEC. In addition, only one study [31] reported 
the effect of preoperative antibiotic use on AKI, whereas 
prophylactic antibiotic use is a very common treatment 
in laparotomy reduction. In a study by Lu et  al. [32], it 
was mentioned that ascites was also one of the risk fac-
tors for AKI, but the amount of ascites was not counted. 
For malignant tumors in the abdominal cavity, ascites is 
an unavoidable challenge, and understanding the effect 
of different gradients of ascites volume on postopera-
tive AKI will also be one of the future research direc-
tions.Finally, it is also particularly important to explore 
the effect of the dose of chemotherapeutic agents during 
HIPEC on postoperative AKI.

Conclusion
The results of this systematic review and meta-analysis 
showed that the preoperative risk factors for postopera-
tive AKI after CRS + HIPEC include age, gender, BMI, 
PCI, eGFR, Hb, Diabetes mellitus, and Hypertension.All 
of the above factors, except for age, gender, and PCI, are 
potential risk factors that can be controlled or revers-
ible. Early identification as well as advance intervention 
in the perioperative period will greatly reduce the inci-
dence of postoperative AKI in patients. For example, 
preoperative monitoring and management of renal func-
tion, Hb, blood glucose, and blood pressure. In addition, 
IO SBP < 100 mmHg(min) is an intraoperative risk factor 

for postoperative AKI. Close attention to intraopera-
tive anesthesia management and maintenance of normal 
range intraoperative blood pressure will reduce the inci-
dence of AKI. Finally, for the selection of intraoperative 
chemotherapeutic agents, MMC can significantly reduce 
the risk of postoperative AKI compared with cisplatin. 
The results of this study may provide clinicians with 
more epidemiological evidence on the prevention of 
postoperative AKI after CRS + HIPEC, so as to establish 
personalized treatment plans and optimize the periop-
erative management of patients, with a view to improving 
the prognosis of patients.
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