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Abstract

Background: Acute kidney injury (AKI) after cytoreductive surgery 
followed by the infusion of hyperthermic intraperitoneal chemothera-
py (CRS/HIPEC) is associated with a higher rate of major complica-
tions, resulting in prolonged hospitalization and increased mortality. 
Our objective was to evaluate the incidence of AKI and further pro-
gression to chronic kidney disease (CKD) in patients submitted to this 
procedure and recognize the associated risk factors.

Methods: This retrospective study collected demographic, tumor-
related, intraoperative, and postoperative data from 182 patients who 
underwent CRS/HIPEC from January 2016 to December 2019. Re-
nal impairment was defined according to Kidney Disease Improv-
ing Global Outcomes criteria for AKI. We conducted univariate and 
multiple logistic regression analyses to assess the association between 
variables of interest and AKI.

Results: Twenty-three patients (12.6%) developed AKI. In the AKI 
group, the risk for developing CKD was six times higher (odds ra-
tio (OR) 6.48, confidence interval (CI) 1.601 - 26.255). Multivariate 
regression identified higher risk of developing AKI in patients who 
underwent HIPEC with cisplatin (OR 12.21, CI 1.26 - 109.70, P = 
0.025), in each additional day spent in the intensive care unit (ICU) 
(OR 2.42, CI 1.07 - 5.45, P = 0.033), and an association for each unit 
increase in estimated glomerular filtration rate (eGFR) before HIPEC 
(OR 0.96, CI 0.94 - 0.98, P = 0.037) and AKI development.

Conclusion: Patients who are at higher risk of AKI after CRS/HIPEC 
include those who performed cisplatin HIPEC regimen, had poorer 
preoperative renal function and had longer ICU stays. Early institu-
tion of preventive measures and frequent monitoring should be con-

sidered to minimize AKI risk and its associated morbidity, such as 
CKD progression.

Keywords: Acute kidney injury; Intraoperative chemotherapy; Ne-
phrotoxicity; Platinum agents; Chronic kidney disease

Introduction

The management of peritoneal metastases has proved to be a 
challenge due to the complexity and incomplete understanding 
of the pathobiology of peritoneal carcinomatosis (PC) and lack of 
studies that prove the efficacy of some therapeutic modalities [1].

Hyperthermic intraperitoneal chemotherapy (HIPEC) 
with cytoreduction is an increasingly used technique for treat-
ing intra-abdominal malignancy, mainly gastrointestinal or gy-
necological cancers with peritoneal dissemination or primary 
peritoneal neoplasms [1, 2]. This technique has been shown to 
improve median survival at 2 years and in 20% patients, sur-
vival was shown to be greater than 5 years [3].

This is a complex therapeutic modality, and it includes an 
aggressive and extensive cytoreductive surgery (CRS), fol-
lowed by the infusion of HIPEC. In vitro and in vivo studies 
have demonstrated improved therapeutic index and cytotoxic 
efficacy of chemotherapeutic drugs when delivered in the set-
ting of HIPEC [1].

The intraperitoneal instillation of the chemotherapeutic 
agents achieves very high local doses, allowing diffusion into 
tumor nodules, while minimizing systemic absorption and 
toxicity [1, 4]. Some studies indicate that malignant cells are 
selectively destroyed by hyperthermia in the range of 41 to 43 
°C. The combination of heat and cytotoxic drugs frequently 
results in increased drug penetration in tissue, an increased cy-
totoxicity, and inhibition of cell repair mechanisms [1, 5].

The chemotherapeutic drug chosen should have a well-
established activity against the malignancy treated and have a 
reduced systemic uptake. The most used agents are mitomycin 
and the platinum-based drugs, and, less commonly, doxorubicin.

Intraperitoneal chemotherapy agents can cause adverse ef-
fects due to absorption of the drugs themselves, and absorption 
of their carrier solutions which can lead to organ toxicity. To 
reduce this, doses of chemotherapeutic agents and volume of 
the carrier are standardized based on body surface area and 
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adjusted to kidney function.
Acute kidney injury (AKI) is one of the most common 

complications following CRS with HIPEC, with some studies 
reporting an incidence as high as 20% particularly with admin-
istration of cisplatin [6-8].

AKI after CRS with HIPEC is associated with a higher rate 
of major complications, resulting in prolonged hospitalization 
and increased mortality [7, 9]. Suggested pathophysiological 
mechanisms for AKI during HIPEC include hypotension or 
renal hypoperfusion related to intra-abdominal hypertension, 
major fluid shifts, nephrotoxic chemotherapy agents, and the 
inflammatory response [10]. Potential predictors of AKI in-
clude older age, worse baseline renal function, higher body 
mass index (BMI), use of a platinum-based infusion, longer 
operative time, and large estimated blood loss [6, 7]. Thereby, 
in patients with these AKI predictors, a nephroprotective bun-
dle approach is usually employed.

Our objective was to evaluate the incidence of AKI and 
further progression to chronic kidney disease (CKD) in pa-
tients submitted to CRS/HIPEC procedure and understand 
more thoroughly the risk factors associated with this periop-
erative morbidity in this group of patients.

Materials and Methods

Study population and enrollment

From January 2016 to December 2019, a total of 184 patients 
with cancer peritoneal metastases who received CRS/HIPEC 
at Instituto Portugues de Oncologia (IPO) do Porto were ret-
rospectively analyzed. The HIPEC procedure was indicated 
for: curative intent of peritoneal metastases from primary or 
recurrent ovarian cancer, colorectal cancer, gastric cancer, 
peritoneal mesothelioma, pseudomyxoma peritonei and other 
malignancies with peritoneal metastases.

The patients included in the study were younger than 
80 years, had Eastern Cooperative Oncology Group perfor-
mance status (ECOG-PS) of 0, 1 or 2, and had biopsy-proven 
PC by laparotomy or laparoscopy and a potentially resectable 
primary or recurrent tumor with no signs of distant metasta-
ses on abdominal and thoracic computed tomography (CT) 
scans.

Surgical technique

All subjects underwent multidetector CT or magnetic reso-
nance imaging (MRI) before surgery. The preoperative CT/
MRI peritoneal carcinomatosis index (PCI) was scored by ex-
perienced radiologists according to the Sugarbaker classifica-
tion [2].

PCI was used to score the extent of peritoneal involvement 
at the time of surgery as reported in the 13-region and lesion 
size system. Completeness of cytoreduction score (CC) was 
reported as CC0 for no residual disease, CC1 for microscopic 
residual disease (< 2.5 mm), CC2 for macroscopic residual dis-
ease (> 2.5 mm), and CC3 for residual disease > 2.5 cm. After 

multidisciplinary team discussion, the patients were scheduled 
for the CRS/HIPEC procedure.

Our treatment consisted of tumor resection and removal of 
the involved organs and peritoneum, as deemed safe. HIPEC 
was performed using the closed abdomen.

The perfusion equipment consisted of an infusion pump, a 
heat exchanger, and a reservoir with a filter. The solution used 
for the infusion was 1.5% dextrose peritoneal dialysis solu-
tion, with an infusion flow of 1 L/min, and a heat exchanger 
programmed to ensure a perfusion temperature of 42 °C. The 
intraperitoneal chemotherapy drugs were drained out after HI-
PEC had been completed (90 min after).

Intraperitoneal chemotherapy regimens used included mi-
tomycin C (15 mg/m2/2 L) for carcinomatosis of appendicular, 
colorectal, and gastric origin and cisplatin (50 mg/m2/2 L) for 
carcinomatosis of ovarian origin, peritoneal sarcomatosis and 
mesothelioma.

AKI diagnostic criteria, monitoring, study parameters and 
data collection

Kidney Disease Improving Global Outcomes (KDIGO) crite-
ria for AKI [11] diagnosis were used, so AKI was defined as 
a rise in serum creatinine (sCr) of ≥ 0.3 mg/dL within 48 h of 
surgery.

Renal impairment was staged according to the serum cre-
atinine levels as follows: grade 1 represented an increase to 
more than or equal to 1.5- to two-fold from baseline; grade 2 
represented an increase to more than two- to three-fold from 
baseline; and grade 3 represented an increase to more than 3.0 
times the baseline or more than or equal to 4 mg/dL (with an 
increase of at least 0.5 mg/dL) or need for renal replacement 
therapy (RRT).

CKD was defined by an eGFR < 60 mL/min/1.73 m2 last-
ing more than 3 months.

Data on the patients’ characteristics, intraoperative con-
ditions, including fluid input/output, medications, blood loss 
and blood transfusion were evaluated from the anesthesia and 
internal medicine consultation care records.

Laboratory tests, including hematology and basic chem-
istry panels, including renal function, and electrolytes were 
drawn immediately postoperatively and on a daily basis until 
the day of discharge.

Since our aim was to examine incidence of AKI, the risk 
factors, and the impact to further progression to CKD, kidney 
function was also assessed at 3 - 6 months after surgery and 1 
year follow-up.

Statistical analysis

In this study, the primary endpoint was to describe the AKI 
incidence in a single institution’s cohort of CRS and HIPEC, 
and its correlation with the development of CKD. Our second-
ary endpoint was the identification of risk factors that would 
predict the occurrence of AKI and CKD.

Patients who developed post-CRS/HIPEC creatinine in-
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crease were defined as the “AKI” group and those who did not 
were defined as the “non-AKI” group.

Descriptive statistics were reported as mean ± standard 
deviation (SD), median with minimum and maximum, or fre-
quency with percentage as appropriate. Continuous variables 
were presented as the means ± SDs and were compared us-
ing Student’s t-test, or the non-parametric Mann-Whitney test 
for two groups or using the analysis of variance (ANOVA) for 
more than two groups.

The associations between covariates and the occurrence 
of creatinine increase were examined using univariate analy-
sis with the Chi-square test or Fisher’s exact test for categori-
cal variables and the Wilcoxon rank-sum test for continuous 
variables. For those covariates with P < 0.15 in the univariate 
analysis, they were then considered in multiple logistic regres-
sion. The explanatory variables in the final model were identi-
fied manually by dropping the covariates with P-value > 0.05 
one at a time until all regression coefficients were significant.

Statistical analyses were performed using SPSS statistical 
software (IBM SPSS Statistics for Windows, version 22.0). All 
tests were two-sided, and a P-value < 0.05 was considered as 
statistically significant.

Ethics approval

This study was conducted in compliance with the ethical 
standards of the responsible institution on human subjects as 
well as with the Helsinki Declaration.

Results

Patients

The 184 patients analyzed received CRS/HIPEC procedures in 
our unit during the period specified above. The patient enroll-
ment flowchart is shown in Figure 1. From a total of 184 pa-
tients, 182 patients were included in the study (in two patients, 
there were no data on renal function during hospitalization).

The mean age ± SD was 58 ± 12.1, and of the 182 patients, 
23 (12.6%) were identified as having postoperative creatinine 
increased - AKI group, as defined by the previous criteria. Fif-
ty-nine patients (32.4%) had preoperative chemotherapy, with 
most of them (55.9%) receiving a platinum agent. There was 
a median of 283 mL (0 - 2,000) of blood loss intraoperatively, 
35.7% of the patients lost > 200 mL during procedure.

The distribution of cancer types in these two groups was dif-
ferent, and the AKI group had a higher rate of mucinous appendix 
cancer (P = 0.018), ovarian cancer (P = 0.025), and mesothelioma 
(P = 0.026). The mean duration of hospital stay was higher in the 
AKI group (22.1 ± 17.8 vs. 13.1 ± 7.9 days for the AKI group 
and non-AKI group respectively, P = 0.025). Other demographic 
variables were comparable between the two groups.

Characteristics of AKI group of patients

As shown in Table 1, before CRS/HIPEC regimens, the AKI 

Figure 1. Flowchart of patient enrollment and study population. CRS/HIPEC: cytoreductive surgery with hyperthermic intraperi-
toneal chemotherapy.
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Table 1.  Demographic and Clinical Data of the Patients Who Underwent CRS/HIPEC

All (n = 182) AKI (n = 23) Non-AKI (n = 159) P value
Gender male (%) 125 (68.7%) 15 (65.2%) 110 (69.2%) 0.701
Age (years) (mean ± SD) 58.0 ± 12.1 60.3 ± 11.9 57.7 ± 12.2 0.333
ECOG-PS, n (%)
    0 151 (83.0%) 18 (78.3%) 133 (84.7%) 0.432
    1 29 (15.9%) 5 (21.7%) 24 (15.3%) 0.432
    ≥ 2 0 (0%) -
    Unknown 2 (1.1%) 0 (0%) 2 (1.3%) -
BMI (mean ± SD) 26.2 ± 5.6 26.7 ± 7.1 26.1 ± 5.2 0.643
CKD history 9 (4.9%) 4 (17.4%) 5 (3.1%) 0.016
    Stage 1 0 (0%) 0 (0%) 0 (0%) -
    Stage 2 1 (11.1%) 1 (4.3%) 0 (0%) 0.126
    Stage 3a 5 (55.6%) 3 (13.0%) 2 (1.3%) 0.015
    Stage 3b 3 (33.3%) 0 (0%) 3 (1.9%) 1.000
    Stage ≥ 4 0 (0%) 0 (0%) 0 (0%) -
Baseline eGFR (CKD-EPI mL/min/1.73 m2) (mean ± SD) 91.3 ± 23 81.0 ± 29.8 92.6 ± 21.6 0.084
Cancer type
    Colorectal 63 (34.6%) 7 (30.4%) 56 (35.4%) 0.638
    Mucinous appendix 43 (23.6%) 1 (4.3%) 42 (26.6%) 0.018
    Ovary 27 (14.8%) 7 (30.4%) 20 (12.7%) 0.025
    Pseudomyxoma peritonei 20 (11.0%) 2 (8.7%) 18 (11.4%) 1.000
    Mesothelioma 12 (6.6%) 4 (17.4%) 8 (5.1%) 0.026
    Gastric 12 (6.6%) 2 (8.7%) 10 (6.3%) 0.670
    Others 5 (2.7%) 0 (0%) 5 (3.1%) 1.00
Previous chemotherapy 59 (32.4%) 9 (39.1%) 50 (31.4%) 0.461
Previous chemotherapy agent
    Platinum agent (%) 33 (18.1%) 6 (26.1%) 27 (17.5%) 0.326
    Non-platinum agent (%) 21 (11.5%) 3 (13.0%) 18 (11.7%) 0.851
    Unknown 5 (2.7%) 0 0% 5 (3.1%) 1.000
Comorbidity
    None 110 (60.4%) 12 (52.2%) 98 (61.6%) 0.386
    DM 25 (13.7%) 6 (26.1%) 19 (11.9%) 0.066
    HTN 67 (36.8%) 10 (43.5%) 57 (35.8%) 0.478
    HF 4 (2.2%) 1 (4.3%) 3 (1.9%) 0.420
PCI, mean ± SD 14 ± 9.3 16.4 ± 8.9 13.6 ± 9.3 0.193
CC (%)
    0 137 (75.3%) 17 (77.3%) 120 (79.5%) 0.812
    1 24 (13.2%) 2 (9.1%) 22 (14.6%) 0.743
    2 11 (6.0%) 2 (9.1%) 9 (6.0%) 0.574
    3 1 (0.5%) 1 (4.5%) 0 (0%) 0.127
    Unknown 9 (4.9%) 1 (4.3%) 8 (5.0%) 1.000
Bleeding during procedure
    ≤ 200 mL 116 (63.7%) 14 (60.9%) 102 (64.6%) 0.731
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group had a higher proportion of patients with CKD than the 
non-AKI group (17.4% vs. 3.1%, P = 0.016). In patients who 
developed renal impairment, most (73.9%) developed renal im-
pairment of stage 1 and stage 2 (17.4%) that settled with con-
servative management. Two (8.7%) developed grade 3 AKI: one 
of them died during hospitalization, and the other one required 
RRT transiently, during hospitalization. This same patient (who 
had baseline CKD-3a) progressed to end-stage renal disease and 
started hemodialysis (HD) 24.5 months after HIPEC.

When the AKI population was studied, it was shown that 
the risk for developing CKD in the future was six times higher 
in this group of patients (odds ratio (OR) 6.48, 95% confidence 
interval (CI) 1.601 - 26.255).

Risk factors of AKI

We analyzed all the possible risk factors to develop AKI. The 

presence of CKD history before HIPEC procedure (P = 0.016), 
the length of stay (P = 0.025) and the use of antibiotics during 
hospitalization (P = 0.025) were risk factors associated with 
the development of AKI post-HIPEC.

The univariate analysis (Table 2) showed that patients who 
had a history of CKD before HIPEC (OR 0.15, CI, 0.38 - 1.62, 
P = 0.009), and in patients with lower eGFR before HIPEC 
(OR 1.02, CI, 1.00 - 1.04, P = 0.029), were at a higher risk 
of creatinine increase, thus, for every 1 mL/min decrease in 
eGFR prior to HIPEC, there is a 2% risk of worsening renal 
function.

Kidney function decline was also associated with antibi-
otic use (OR 2.68, CI 1.1 - 6.51, P = 0.029), platinum-based 
chemotherapy (OR 3.76, CI 1.52 - 9.31, P = 0.040), and longer 
hospital and intensive care unit (ICU) stay (OR 1.06, CI 0.02 
- 0.11, P = 0.010 and OR 2.06, CI 1.11 - 3.82, P = 0.022, re-
spectively); the risk increased for each extra day of hospitali-
zation. In contrast, diabetes mellitus (DM) was not related to 

All (n = 182) AKI (n = 23) Non-AKI (n = 159) P value
    > 200 mL 65 (35.7%) 9 (39.1%) 56 (35.4%) 0.731
    Unknown 1 (0.5%)
HIPEC regimen (%)
    Mitomycin 139 (76.4%) 12 (52.2%) 127 (80.4%) 0.003
    Cisplatin 42 (23.1%) 11 (47.8%) 31 (19.6%) 0.003
    Unknown 1 (0.5%) -
Crystalloids reposition during procedure (mL) (mean ± SD) 3,946.4 ± 1,156.5 4,176.1 ± 913.0 3,912.7 ± 1,186.7 0.309
Hospitalization (days)
    Mean ± SD 14.2 ±10.1 22.1 ± 17.8 13.1 ± 7.9 0.025
    Average (IQR) 11 (9 - 15) 15 (11 - 28) 11 (9 - 13) 0.010
ICU admission 63 (34.6%) 8 (34.8%) 55 (34.6%) 0.986
ICU duration (days)
    Mean ± SD 1.7 ± 1.05 2.6 ± 2.1 1.6 ± 0.8 0.195
    Average (IQR) 1 (1 - 2) 2.5 (1.0 - 4.5) 1.0 (1.0 - 2.0) 0.570
Infection 54 (32.4%) 11 (47.8%) 48 (30.2%) 0.091
Medications
    NSAIDs 21 (11.5%) 5 (21.7%) 16 (10.1%) 0.101
    RAS 30 (16.5%) 4 (17.4%) 26 (16.4%) 1.000
    Antibiotics 58 (31.9%) 12 (52.2%) 46 (28.9%) 0.025
Electrolyte disorders
    Hypomagnesemia 84 (46.2%) 13 (65.0%) 71 (55.5%) 0.475
    Hypophosphatemia 98 (53.8%) 9 (39.1%) 89 (57.4%) 0.118
    Hypokalemia 41 (22.5%) 6 (26.1%) 35 (22.6%) 0.709
    Hypocalcemia 22 (12.1%) 3 (17.6%) 19 (21.6%) 1.000
    Hyponatremia 26 (14.3%) 6 (26.1%) 20 (12.8%) 0.091

Descriptive statistics are presented as mean ± SD, or number (percentage). P-value < 0.05 was considered to be statistically significant. AKI: acute 
kidney injury; BMI: body mass index; CC score: completeness of cytoreduction score; CKD: chronic kidney disease; DM: diabetes mellitus; ECOG-
PS: Eastern Cooperative Oncology Group performance status; eGFR: estimated glomerular filtration rate; HF: heart failure; HIPEC: hyperthermic 
intraperitoneal chemotherapy; HTN: hypertension; ICU: intensive care unit; IQR: interquartile range; NSAID: non-steroidal anti-inflammatory drug; 
PCI: peritoneal cancer index; RAS: renin-angiotensin system; SD: standard deviation.

Table 1.  Demographic and Clinical Data of the Patients Who Underwent CRS/HIPEC  - (continued)
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the development of creatinine increase.
Furthermore, after significant variables in the univariate 

analysis were considered simultaneously, the multivariable 
logistic regression model analysis (Table 3) revealed that pa-
tients who underwent HIPEC with cisplatin had 12.2 times 
greater risk of AKI than patients who received mitomycin (OR 
12.21, CI 1.26 - 109.70, P = 0.025); for each additional day 
spent in the ICU, the risk of developing AKI increased by 2.4 
times (OR 2.42, CI 1.07 - 5.45, P = 0.033); and for each unit 
increase in eGFR before HIPEC (CKD-EPI mL/min/1.73 m2), 
the risk of having AKI decreased by 4% (OR 0.96, CI 0.94 - 
0.98, P = 0.037).

Discussion

This study aimed to identify the incidence and risk factors for 
the development of AKI, and to assess the progression to CKD 
in this group of patients.

To date, this was the first study that evaluated this co-
morbidity in a Portuguese population. In this large sample of 
patients (182), 12.6% developed AKI stage 1 to 3, according 
to KDIGO classification after CRS/HIPEC; only one required 
RRT.

CRS with HIPEC is associated with perioperative mortal-
ity of 0-4% and major complications can be as high as 40% 
[12-15]. Risk factors for perioperative morbidity and mortal-

ity after HIPEC include poor performance status, older age, 
smoking history, cardiovascular disease, and diabetes [16-18].

There is also a wide range of incidence rates of AKI re-
ported in the literature. In previous studies, rates of AKI after 
CRS-HIPEC ranged between 2% and 22% [6, 19-22]. Of the 
patients described by Kusamura et al [20], 4% developed renal 
toxicity grade 3 or higher when using cisplatin ± doxorubicin 
or mitomycin, while Bakrin et al observed nephrotoxicity in 
8% of patients (with 2% developing chronic renal insufficien-
cy and 1% requiring long-term dialysis) [23]. Schmidt et al 
reported only one case of nephrotoxicity among 67 patients 
when using cisplatin [24].

A justification for this discrepancy in values may be the 
absence of a clear definition (and standardization) of AKI by 
the authors, which could explain why some groups described 
very low incidences [25]. In this study, we chose to define the 
AKI event according to KDIGO 2017 AKI definition.

As known, chemotherapeutic agents have been associated 
with AKI after HIPEC. For example, cisplatin, oxaliplatin, mi-
tomycin and doxorubicin are commonly used in HIPEC, and 
they have been associated with chemotherapy-induced renal 
toxicity and electrolyte metabolic disturbance [8].

In our population, there was a 12.2 times greater risk of 
developing AKI with platinum-based protocols. While this 
finding is similar to what has been described in previous stud-
ies [6, 8, 19, 25], the extent to which this association may be 
wholly ascribed to the direct nephrotoxic effects of the plati-

Table 2.  Analysis of Risk Factors for the Occurrence of AKI Using Univariate Logistic Regression Models

OR (95% CI) P value

DM 0.39 (0.14 - 1.09) 0.074
Previous CKD 0.15 (0.38 - 0.62) 0.009
Baseline eGFR (CKD-EPI mL/min/1.73 m2) 1.02 (1.00 - 1.04) 0.029
Antibiotics 0.37 (0.15 - 0.91) 0.029
Days in ICU 2.06 (1.11 - 3.82) 0.022
Hospitalization (duration) 1.06 (0.02 - 0.11) 0.010
HIPEC protocol
    Cisplatin 3.76 (1.52 - 9.31) 0.040

P-value < 0.05 was considered to be statistically significant. AKI: acute kidney disease; CI: confidence interval; CKD-EPI: Chronic Kidney Disease 
Epidemiology Collaboration; DM: diabetes mellitus; eGFR: estimated glomerular filtration rate; HIPEC: hyperthermic intraperitoneal chemotherapy; 
ICU: intensive care unit; OR: odds ratio.

Table 3.  Analysis of Risk Factors for the Occurrence of AKI Using Multivariable Logistic Regression Models

OR (95% CI) P value
eGFR previous HIPEC (CKD-EPI mL/min/1.73 m2) 0.96 (0.94 - 0.98) 0.037
Days in ICU 2.42 (1.07 - 5.45) 0.033
HIPEC protocol
    Cisplatin 12.21 (1.26 - 109.70) 0.025
    Mitomycin Ref

P-value < 0.05 was considered to be statistically significant. AKI: acute kidney disease; CI: confidence interval; CKD-EPI: Chronic Kidney Disease 
Epidemiology Collaboration; eGFR: estimated glomerular filtration rate; HIPEC: hyperthermic intraperitoneal chemotherapy; ICU: intensive care unit; 
OR: odds ratio.
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num agents has been the subject of controversy [6, 10, 22].
It has been proposed that other factors such as hypoperfu-

sion, as a result of intra-abdominal hypertension or systemic 
hypotension may also play a role in the development of AKI 
[6, 10].

As Ceresoli et al described, the hyperthermic phase mimics 
a hyperdynamic state concomitant to an acute abdominal hyper-
tension [10]. This state is characterized by the musculocutaneous 
vasodilatation secondary to the hyperthermia with splanchnic 
vasodilatation, the filling of the abdominal cavity and a massive 
cytokine production and release. These situations implicate ma-
jor changes in blood volume which may result in severe deple-
tion of intravascular volume and organ hypoperfusion.

For these reasons, a similarity between CRS/HIPEC and 
septic state (or even hepato-renal syndrome) has been pro-
posed. In light of these considerations, it could be hypothesized 
that part of the renal impairment is caused by a hypoperfusion 
(like in the septic shock) rather than a drug-induced toxicity 
[10]; on the other hand, this will happen with both mitomycin 
and cisplatin administration.

Some reviews showed that hydration remains the most ef-
fective strategy to prevent nephrotoxicity in patients treated 
with cisplatin [26, 27]. We did not find an association between 
the development of AKI and intraoperative blood loss, or crys-
talloid reposition during procedure.

The choice of chemotherapy regimen for HIPEC is related 
to the type of cancer. The AKI group had a higher rate of muci-
nous appendix cancer (P = 0.018), ovarian cancer (P = 0.025), 
and mesothelioma (P = 0.026). Conversely, preoperative cis-
platin use had no impact on the risk of postoperative AKI (P 
= 0.326). However, only 33 (18.1%) patients received preop-
erative cisplatin, and that number might be too small to pick 
up low incidences of cisplatin-induced renal impairment. Sin 
et al showed that both a high number of preoperative cycles 
of carboplatin and a short time interval between preoperative 
chemotherapy and hyperthermic intra-peritoneal chemothera-
py were risk factors for kidney injury [25].

Among patients in the ICU, the incidence of AKI may be 
50% [28]. A higher risk (> 2.4 times) of developing AKI was 
also demonstrated for each additional day of stay in the ICU. 
This may be associated with the presence of sepsis, cardio-
genic shock and other major complications in these patients.

Sodium thiosulfate has also been used to prevent cisplatin 
nephrotoxicity during HIPEC procedure [26]. However, since 
this prophylaxis was not performed in our population, we have 
no data on this.

In a retrospective review of 935 patients (91 with diabe-
tes) who underwent CRS with HIPEC, diabetes was a strong 
independent predictor for major complications, including re-
nal insufficiency [16]. However, this was not confirmed in our 
study population.

Lower baseline glomerular filtration rate before surgery 
and lower preoperative albumin levels have been found to be 
risk factors of nephrotoxicity [26]. We also demonstrated that 
for each unit increase in eGFR before HIPEC (CKD-EPI mL/
min/1.73 m2), the risk of having AKI decreases by 4%.

Identification of patients at risk preoperatively, such as 
those with higher baseline creatinine/lower eGFR, would 
help us adopt suitable preventive measures. We suggest that 

the renal function of patients should be carefully monitored 
for 7 days after the operation, for early detection of AKI after 
HIPEC, especially in patients with previous changes in renal 
function, and that the use of nephrotoxic antibiotics, such as 
non-steroidal anti-inflammatory drugs (NSAIDs) and radio-
contrast agents, be avoided in these patients.

As is known, AKI events and the severity of creatinine 
raise are related to long-term renal prognosis. In this popula-
tion, when patients with kidney impairment were studied, it 
was shown that the risk for developing CKD in the future was 
six times higher in this group of patients (OR 6.48, CI 1.601 
- 26.255).

There are several strengths to this study. First, this study 
presented a good population sample, managing to include 
more than 180 patients. Also, all the patients were from one 
single teaching hospital, and the CRS/HIPEC procedure was 
uniform.

Second, there are not many studies focusing on the devel-
opment of AKI after CRS/HIPEC in the Portuguese popula-
tion. This study further analyzed the risk of CKD development 
after this complication.

However, our study has limitations related to its retrospec-
tive design. Significant selection, lack of laboratory informa-
tion limits the interpretation of our results.

Also, in our institution, more frequent serum creatinine 
determinations are typically made in patients at risk for AKI, 
which is a source of detection bias.

In conclusion, patients, who are at higher risk of AKI after 
CRS and HIPEC, include those who performed the cisplatin 
HIPEC regimen, and had poorer preoperative renal function 
and longer ICU stays.

Early institution of preventive measures and frequent 
monitoring should be considered to minimize AKI risk and its 
associated morbidity, such as CKD progression.

Patient stratification based on these risk factors should be 
considered in further prospective studies. Furthermore, design-
ing a prospective study to validate the new finding of the influ-
ence of the peritoneal dialysis solution is the future research 
aspect. The development and implementation of tools to detect 
AKI at an early stage remains an unmet medical need, as well 
as the subsequent evaluation of patients for detection of late 
CKD.
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