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Abstract: Background: Cytoreductive surgery (CS) and hyperthermic intraperitoneal
chemotherapy (HIPEC) increases survival in peritoneal carcinomatosis, but complications
may affect the long-term prognosis. We aimed to evaluate the postoperative evolution
after CS + HIPEC, the appearance of adverse outcomes, and the associated risk factors.
Methods: This was a retrospective observational study evaluating clinical practice in pa-
tients undergoing CS + HIPEC from 2016 to 2023 in a tertiary-level university hospital.
The pre-, intra-, and postoperative variables were collected. The postoperative evolution,
the appearance of postoperative complications, and the mortality were analyzed accord-
ing to the perioperative data. Results: In total, 62.3% of the patients developed some
kind of complication. Renal failure was related to the length of surgery [mean difference
(md) 111 min, 95% CI 11–210, p = 0.029], postoperative vasoactive support [Odds Ratio
(OR) 3.4, 95% CI 1.1–10.6, p = 0.033], and non-invasive mechanical ventilation (OR 5.5,
95% CI 1.5–20.5, p = 0.007). Respiratory failure was associated with renal replacement
therapies (OR 13.8, 95% CI 1.3–143.9, p = 0.006), postoperative creatinine (md 0.27 mg·dL−1,
95% CI 0.1–0.4, p = 0.001), and C-reactive protein (md 33.5 mcg·L−1, 95% CI 0.1–66.8,
p = 0.049). Infectious complications were related to the length of surgery (md 84 min,
95% CI 12–156, p = 0.024), non-invasive mechanical ventilation (OR 4.4, 95% CI 1.2–16.1,
p = 0.018), and renal replacement therapies (OR 11.6, 95% CI 1.1–119.6, p = 0.012). The hos-
pital stay was longer in patients with complications (md 14.8 ± 5.5 days, 95% CI 3.8–25.8,
p = 0.009). The mortality rate at 12 months was 15.6%. The mortality risk factors were the
preoperative hemoglobin (md −1.7 g·dL−1, 95% CI −2.8–−0.7, p = 0.001) and creatinine
(md −0.12 mg·dL−1, 95% CI −0.21–−0.04, p = 0.007) and the postoperative hemoglobin
(md −1.15 g·dL−1, 95% CI 0.01–2.30, p = 0.049) and C-reactive protein (md 54.6 mcg·L−1,
95% CI 18.5–90.8, p = 0.004). Intraoperative epidural analgesia was found to be a protective
factor for 12-month mortality (OR 0.25, 95% CI 0.07–0.90 p = 0.027). A multivariate analysis
performed after a univariate analysis showed that the only risk factor for overall mortality
was not using intraoperative epidural analgesia. Conclusions: CS + HIPEC led to a high
incidence of postoperative complications, but the occurrence of complications did not seem
to affect postoperative survival.

Keywords: cytoreductive surgery; HIPEC; intraoperative chemotherapy; peritoneal
carcinomatosis; perioperative management; postoperative complications; mortality
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1. Introduction
Peritoneal carcinomatosis (PC) is the end stage of tumor dissemination from colorectal,

gastric, ovarian, mesothelioma, or peritoneal tumors. Peritoneal dissemination of the
tumor is associated with a poor prognosis and a lower survival rate than in those without
peritoneal metastases [1]. However, the final prognosis depends mainly on the origin
of the primary tumor [2]. Cytoreductive surgery (CS) and hyperthermic intraperitoneal
chemotherapy (HIPEC) has demonstrated an increase in the long-term overall patient
survival [3]. Although this treatment is often associated with short-term postoperative
complications such as anastomotic leaks, bleeding, peritonitis, ileus, wound infection,
pancreatitis, intestinal fistula, urinary tract infection, sepsis, or hematological toxicity [4],
the postoperative morbidity is deemed acceptable given the improvement in oncological
prognosis [5]. However, the appearance of postoperative complications may affect the
initiation of other adjuvant therapies necessary to improve the long-term prognosis [6].
In addition, the aggressiveness of this treatment makes it unsuitable for certain types of
patients, due to longer hospital stays and worsening conditions.

The baseline characteristics of patients, as well as their functional status, the skill
of the surgical team, the distribution of the disease within the abdominal cavity, and the
characteristics of the ICU are some of the factors that influence the overall success of the
technique [7]. Preoperative frailty increases postoperative complications and mortality [8],
especially in these highly aggressive surgeries [9]. Therefore, the role of these therapies still
requires an evaluation of the consequences [7]. Preoperative optimization of the patient
undergoing CS + HIPEC reduces the hospital stay, the manifestation of postoperative
complications, and the readmission rate [10]. Among other recommendations, routine
preoperative counseling is encouraged, with the cessation of smoking and alcohol habits
one month before surgery, physical exercise, nutritional and protein supplementation in
cases of malnutrition, correction of anemia, evaluation of cardiovascular risk, detection
of frailty, and preoperative administration of prophylaxis for postoperative nausea and
vomiting [11]. However, the application of ERAS protocols is still low in this type of
surgery [12]. Therefore, patients with a serious illness undergoing a highly aggressive
surgery often arrive at the operating room without having been fully optimized.

This study evaluated the postoperative evolution outcomes and the appearance of
adverse outcomes after CS + HIPEC and identified the associated risk factors.

2. Materials and Methods
This retrospective observational study evaluated the routine clinical practice in all

patients undergoing scheduled CS + HIPEC for more than 7 years in a tertiary-level
hospital. After the approval of the Ethics Committee (CEI/CEIm HUGCDN #2019-357-1),
we included patients scheduled for CS + HIPEC from March 2016 to December 2023.
Patients with a peritoneal cancer index (PCI) higher than 20 were excluded. This manuscript
adheres to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) Statement [13] and the Declaration of Helsinki (WMA).

The following data were recorded: age; gender; weight; body mass index; ASA physi-
cal status; comorbidities (arterial hypertension, diabetes mellitus, chronic kidney disease,
heart and lung diseases); preoperative hemoglobin and creatinine; diagnosis leading to
surgery; length of surgery; and intraoperative fluid therapy, vasoactive support, and trans-
fusions. The postoperative hemoglobin and creatinine, C-reactive protein and lactate, as
well as the length of stay in the ICU, need for postoperative vasoactive support, inva-
sive mechanical ventilation, and renal replacement therapies were also recorded. The
postoperative pain management was also documented, taking into account the analgesic
protocol; the subjective pain assessment (categorized into excellent, fair, and bad); the pain
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assessment according to the numerical rating scale, from 1 (no pain) to 10 (maximum pain);
and the postoperative complications related to pain (poor pain control, paresthesia, arterial
hypotension, and pruritus). The appearance of postoperative complications was analyzed:
renal failure, respiratory complications, adynamic ileus, infectious complications, hema-
turia, postoperative bleeding, anastomotic dehiscence, fistula, surgical wound infection,
and anemia. The postoperative hospital evolution, complications, outcomes, and mortality
were analyzed according to different perioperative data.

Statistical Analysis

Data were analyzed using the SPSS program, version 24.0. Absolute and relative
frequencies were used to describe the qualitative variables. To compare qualitative variables
between groups, the chi-square test was used. The quantitative variables were analyzed
calculating the mean and standard deviation. The normality of the data was checked
with the Shapiro–Wilk test. Quantitative variables were compared between two groups
using the t-Student test in the case of normal variables and the Mann–Whitney U test
when the distribution of variables did not adjust to normality. When a comparison was
performed among more than two groups, the ANOVA test was used in cases of normal
variables and the Kruskal–Wallis test in cases in which the distribution did not adjust to
normality. For assessing risk factors related to the main postoperative complications and
mortalities, the Odds Ratio (95% CI) was calculated for the qualitative variables and the
mean difference (95% CI) for the quantitative variables. The survival estimation was made
using the Kaplan–Meier model. A p < 0.05 was considered statistically significant.

3. Results
3.1. Preoperative and Intraoperative Characteristics

During the study period, 80 patients were submitted to CS. From these, three patients
were excluded, as their PCI was higher than 20. So, finally, 77 patients were included for
the analysis. The patient characteristics and primary tumor distributions are shown in
Table 1 and Figure 1.
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Table 1. Patient and intraoperative characteristics.

n = 77

Female gender, n (%) 46 (59.7)
Age, years 61.6 ± 8.7
Height, m 1.66 ± 0.09
Weight, kg 73.2 ± 14.3

Body mass index, kg·m−2 26.37 ± 4.25

ASA

I, n (%) 1 (1.3)
II, n (%) 10 (12.9)
III, n (%) 38 (49.4)
IV, n (%) 28 (36.4)

Comorbidities

Arterial hypertension, n (%) 31 (40.3)
Diabetes mellitus, n (%) 14 (18.2)

Lung disease, n (%) 7 (9.1)
Heart diseases, n (%) 6 (7.8)

Chronic kidney disease, n (%) 2 (2.6)

Preoperative laboratory tests Hemoglobin, g·dL−1 12.5 ± 1.6
Creatinine, mg·dL−1 0.79 ± 0.19

Intraoperative management
Epidural analgesia, n (%) 58 (75.3)

Transfusions, n (%) 13 (16.9)
Vasoactive support, n (%) 33 (42.9)

Duration of surgery, min 477 ± 177
Immediate postoperative extubation in the operating room, n (%) 68 (88.3)

Data are expressed as mean ± SD or absolute and relative frequencies. ASA: American Society of Anesthesiologists
physical status.

3.2. Postoperative Evolution

The mean postoperative stay in the intensive care unit (ICU) was 2.3 ± 1.7 days.
Immediate postoperative management in the ICU and pain management are shown in
Table 2. Five patients (6.5%) required one readmission to the ICU, and one patient (1.3%)
required two ICU readmissions. The mean postoperative hospital stay was 18.3 ± 29.6 days.
Figure 2 shows the comparison of analgesic management according to the NRS between the
groups of patients with morphine-based and epidural analgesia. No statistically significant
differences were found between groups (p = 0.083).
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Table 2. Postoperative evolution.

n = 77

Postoperative therapies
Vasoactive support, n (%) 22 (28.6)

Non-invasive mechanical ventilation, n (%) 12 (15.6)
Renal replacement therapies, n (%) 4 (5.2)

Immediate postoperative
laboratory tests

Hemoglobin, g·dL−1 10.9 ± 1.9
Creatinine, mg·dL−1 0.72 ± 0.31
Lactate, mmol·L−1 1.99 ± 1.69

C-reactive protein, mcg·L−1 81.61 ±
60.69

Pain management Epidural analgesia, n (%) 62 (80.5)
Morphine, n (%) 15 (19.5)

Pain subjective
assessment

Excellent, n (%) 59 (76.6)
Fair, n (%) 16 (20.8)
Bad, n (%) 2 (2.6)

Numerical rating scale, score 2.32 ± 1.68

Complications related to
pain management

Poor pain control, n (%) 7 (9.1)
Paresthesia, n (%) 5 (6.5)

Arterial hypotension, n (%) 5 (6.5)
Pruritus, n (%) 1 (1.3)

Data are expressed as mean ± SD or absolute and relative frequencies.

3.2.1. Postoperative Complications

During the postoperative period, 62.3% of patients developed some kind of complica-
tion: 31.2% had one complication; 14.3% had two different complications, while only 16.9%
had more than two complications. The hospital stay of patients without complications
was 9.1 ± 10.5 days, while it was 23.9 ± 35.6 days for those with complications. The
hospital stay was longer for patients with at least one complication, with a mean difference
(md) between groups of 14.8 ± 5.5 days (95% CI 3.8–25.8, p = 0.009). The most frequent
complication was infection, diagnosed in 18 patients (23.4% of the total sample, 60% of
all those who suffered any complication): 7 of these patients (9.1% of the total sample)
had catheter-associated infections (mean time to diagnosis: 9 ± 4 days), while the rest
(14.3% of the total sample) experienced abdominal cavity infections: 6 patients (7.8%)
suffered intra-abdominal collections (mean time to diagnosis: 9 ± 3 days), 2 patients (2.6%)
presented small-bowel fistulae (mean time to diagnosis: 7 ± 1 days), 2 patients (2.6%)
showed a pancreatic fistula (mean time to diagnosis: 8 ± 1 days), and only one (1.3%)
had anastomotic dehiscence (time to diagnosis: 10 days). All the patients had received
amoxicillin–clavulanic acid as prophylaxis perioperatively, followed by targeted antibiotic
treatment after the diagnosis of the infection. Three patients (3.9%) had abdominal wall
bleeding. The aggregated postoperative complications are shown in Figure 3. The relation-
ship between the pre- and intraoperative variables and the postoperative complications
is shown in Table 3. The relationship between the postoperative variables and the main
postoperative complications is shown in Table 4.



Healthcare 2025, 13, 808 6 of 15

Table 3. Relationship between pre- and intraoperative variables and main postoperative complications.

Renal Failure Respiratory Failure Adynamic Ileus Infectious Complication
No

(n = 61)
Yes

(n = 16) p No
(n = 61)

Yes
(n = 16) p No

(n = 61)
Yes

(n = 16) p No
(n = 59)

Yes
(n = 18) p

Female gender, n (%) 34 (55.7) 12 (75) 0.162 39 (63.9) 7 (43.7) 0.143 34 (55.7) 12 (75) 0.162 37 (62.7) 9 (50) 0.336
Age, years 61.3 ± 8.0 62.8 ± 11.3 0.549 62.3 ± 7.6 59.1 ± 12.2 0.198 61.2 ± 8.7 63.4 ± 8.8 0.357 61.3 ± 9.0 62.8 ± 7.8 0.510

Body mass index, kg·m−2 26.29 ± 4.19 26.68 ± 4.57 0.743 26.09 ± 4.12 27.45 ± 4.67 0.256 26.56 ± 4.16 25.67 ± 4.61 0.462 26.37 ± 4.25 26.37 ± 4.35 0.997
ASA = 4, n (%) 23 (37.7) 5 (31.2) 0.633 23 (37.7) 5 (31.2) 0.633 23 (37.7) 5 (31.2) 0.633 22 (37.3) 6 (33.3) 0.760

Arterial hypertension, n (%) 27 (44.3) 4 (25) 0.162 24 (39.3) 7 (43.7) 0.749 27 (44.3) 4 (25) 0.162 24 (40.7) 7 (38.9) 0.892
Diabetes mellitus, n (%) 13 (21.3) 1 (6.2) 0.164 10 (16.4) 4 (25.0) 0.427 12 (19.7) 2 (12.5) 0.508 12 (20.3) 2 (11.1) 0.374

Lung disease, n (%) 4 (6.6) 3 (18.7) 0.131 5 2 0.594 3 (4.9) 4 (25) 0.013 6 (10.2) 1 (5.5) 0.551
Heart diseases, n (%) 5 (8.2) 1 (6.2) 0.796 3 (4.9) 3 (18.7) 0.066 5 (8.2) 1 (6.2) 0.796 4 (6.8) 2 (11.1) 0.548

Chronic kidney disease, n (%) 2 (3.3) 0 (0) 0.463 2 (3.3) 0 (0) 0.463 2 (3.3) 0 (0) 0.463 2 (3.4) 0 (0) 0.429
Hemoglobin, g·dL−1 12.4 ± 1.7 12.9 ± 1.8 0.340 12.5 ± 1.7 12.6 ± 1.9 0.737 12.5 ± 1.8 12.5 ± 1.7 0.934 12.6 ± 1.8 12.3 ± 1.7 0.584
Creatinine, mg·dL−1 0.81 ± 0.21 0.73 ± 0.121 0.197 0.79 ± 0.21 0.80 ± 0.15 0.813 0.81 ± 0.21 0.72 ± 0.15 0.128 0.79 ± 0.21 0.81 ± 0.13 0.674

Epidural analgesia, n (%) 44 (72.1) 14 (87.5) 0.204 45 (73.8) 13 (81.2) 0.537 44 (72.1) 14 (87.5) 0.204 45 (76.3) 13 (72.2) 0.727
Transfusions, n (%) 8 (13.1) 5 (31.2) 0.085 10 (16.4) 3 (18.7) 0.823 10 (16.4) 3 (18.7) 0.823 8 (13.5) 5 (27.8) 0.159

Vasoactive support, n (%) 24 (39.3) 9 (56.2) 0.224 26 (42.6) 7 (43.7) 0.935 26 (42.6) 7 (43.7) 0.935 25 (42.4) 8 (44.4) 0.876
Duration of surgery, min 455 ± 183 566 ± 117 0.029 459 ± 169 544 ± 197 0.089 443 ± 166 604 ± 163 0.001 457 ± 189 541 ± 110 0.024

Extubation in the OR, n (%) 56 (91.8) 12 (75) 0.063 55 (90.2) 13 (81.2) 0.323 55 (90.2) 13 (81.2) 0.323 53 (89.8) 15 (83.3) 0.453

Data are expressed as mean ± SD or absolute and relative frequencies.
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Table 4. Relationship between postoperative variables and main postoperative complications.

Renal Failure Respiratory Failure Adynamic Ileus Infectious Complication
No

(n = 61)
Yes

(n = 16) p No
(n = 61)

Yes
(n = 16) p No

(n = 61)
Yes

(n = 16) p No
(n = 59)

Yes
(n = 18) p

Post-vasoactive support, n (%) 14 (22.9) 8 (50) 0.033 16 (26.2) 6 (37.5) 0.374 15 (24.6) 7 (43.7) 0.131 14 (23.7) 8 (44.4) 0.089
Post-NIMV, n (%) 6 (9.8) 6 (37.5) 0.007 7 (11.5) 5 (31.2) 0.052 8 (13.1) 4 (25) 0.243 6 (10.2) 6 (33.3) 0.018
Post-RRTs, n (%) 1 (1.6) 3 (18.7) 0.006 1 (1.6) 3 (18.7) 0.006 2 (3.3) 2 (12.5) 0.139 1 (1.7) 3 (16.7) 0.012

Post-hemoglobin, g·dL−1 11.1 ± 1.8 10.4 ± 1.8 0.161 10.8 ± 1.8 11.6 ± 1.9 0.140 11.16 ± 1.83 10.26 ± 1.92 0.088 11.17 ± 1.94 10.33 ± 1.47 0.098
Post-creatinine, mg·dL−1 0.71 ± 0.24 0.78 ± 0.48 0.375 0.67 ± 0.21 0.93 ± 0.48 0.001 0.73 ± 0.24 0.71 ± 0.49 0.826 0.69 ± 0.26 0.81 ± 0.43 0.164

Lactate, mmol·L−1 1.86 ± 1.66 2.48 ± 1.79 0.196 1.88 ± 1.71 2.39 ± 1.63 0.288 2.03 ± 1.74 1.81 ± 1.55 0.643 1.96 ± 1.74 2.06 ± 1.60 0.831
C-reactive protein, mcg·L−1 84.1 ± 66.3 71.6 ± 27.7 0.481 74.6 ± 49.4 108.0 ± 88.8 0.049 80.7 ± 66.9 84.9 ± 27.9 0.807 79.7 ± 62.2 87.9 ± 56.7 0.619

Analgesic protocol: Morphine, n
(%) 11 (18) 4 (25) 0.531 14 (22.9) 1 (6.2) 0.133 10 (16.4) 5 (31.2) 0.182 11 (18.6) 4 (22.2) 0.737

NRS, score 2.3 ± 1.7 2.4 ± 1.6 0.894 2.5 ± 1.8 1.7 ± 1.2 0.060 2.2 ± 1.6 2.9 ± 1.9 0.142 2.4 ± 1.7 2.2 ± 1.5 0.652

Data are expressed as mean ± SD or absolute and relative frequencies. NIMV: non-invasive mechanical ventilation; RRTs: renal replacement therapies; NRS: numerical rating scale.
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also showed a longer duration of surgery (md 84 min, 95% CI 12–156, p = 0.024) and a
higher postoperative use of non-invasive mechanical ventilation (OR 4.4, 95% CI 1.2–16.1,
p = 0.018) and renal replacement therapies (OR 11.6, 95% CI 1.1–119.6, p = 0.012).

3.2.2. Postoperative Mortality

The mortality rate at 6 months was 10.4%; at 12 months, it was 15.6%; and the overall
mortality at the time of this study was 33.8%. The median survival time was 63.11 months
(95% CI 54.17–52.04) (Figure 4).
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No relationship was detected between mortality at 6 and 12 months and renal fail-
ure (p = 0.542 and p = 0.247, respectively), respiratory failure (p = 0.542 and p = 0.702,
respectively), adynamic ileus (p = 0.542 and p = 0.247, respectively), or infectious complica-
tions (p = 0.443 and p = 0.885, respectively). The relationships among the pre-, intra-, and
postoperative variables and the overall mortality are shown in Table 5.

Table 5. Relationship between pre-, intra-, and postoperative variables and mortality.

Mortality 12 Months Overall Mortality

No (n = 65) Yes (n = 12) OR (95% CI)
or md (95% CI) p No (n = 51) Yes (n = 26) OR (95% CI)

or md (95% CI) p

Female gender, n (%) 24 (36.9) 7 (58.3) 2.4 (0.7–8.4) 0.165 33 (64.7) 13 (50) 1.8 (0.7–4.8) 0.213
Age, years 61.5 ± 9.0 62.6 ± 7.2 1.1 (−4.4–6.6) 0.686 61.0 ± 9.8 63 ± 6 1.9 (−2.3–6.1) 0.374

Body mass index, kg·m−2 26.84 ± 4.41 23.85 ± 1.84 −2.9
(−5.6–−0.4) <0.001 27.01 ± 4.64 25.12 ± 3.03 −1.9

(−3.6–−0.1) 0.035

ASA = 4, n (%) 26 (40) 2 (16.7) 0.3 (0.1–1.5) 0.123 20 (39.2) 8 (30.8) 0.7 (0.2–1.9) 0.466
Arterial hypertension, n

(%) 28 (43.1) 3 (25) 0.4 (0.1–1.8) 0.241 23 (45.1) 8 (30.8) 0.5 (0.2–1.5) 0.225

Diabetes mellitus, n (%) 13 (20) 1 (8.3) 0.4 (0.0–3.1) 0.336 9 (17.6) 5 (19.2) 1.1 (0.3–3.7) 0.865
Preop hemoglobin,

g·dL−1 12.79 ± 1.59 11.06 ± 1.96 −1.7
(−2.8–−0.7) 0.001 12.88 ± 1.69 11.79 ± 1.68 −1.1

(−1.9–−0.3) 0.010

Preop creatinine,
mg·dL−1 0.81 ± 0.2 0.69 ± 0.12 −0.1

(−0.2–−0.0) 0.007 0.83 ± 0.2 0.72 ± 0.17 −0.1
(−0.2–−0.0) 0.024

Epidural analgesia, n (%) 52 (80) 6 (50) 0.2 (0.1–0.9) 0.027 42 (82.3) 16 (61.5) 0.3 (0.1–0.9) 0.045
Transfusions, n (%) 11 (16.9) 2 (16.7) 0.9 (0.2–5.1) 0.983 8 (15.7) 5 (19.2) 1.3 (0.4–4.4) 0.695

Vasoactive support, n (%) 29 (44.6) 4 (33.3) 0.6 (0.2–2.3) 0.468 22 (43.1) 11 (42.3) 0.9 (0.4–2.5) 0.945
Extubation in the OR, n

(%) 57 (87.7) 11 (91.7) 1.5 (0.2–13.6) 0.694 45 (88.2) 23 (88.5) 1.0 (0.2–4.6) 0.977

Post-vasoactive support,
n (%) 21 (32.3) 1 (8.3) 0.2 (0.0–1.6) 0.091 15 (29.4) 7 (26.9) 0.9 (0.3–2.5) 0.819

Post-NIMV, n (%) 9 (13.8) 3 (25) 2.1 (0.5–9.1) 0.328 8 (15.7) 4 (15.4) 0.9 (0.3–3.6) 0.972
Post-RRTs, n (%) 4 (6.1) 0 (0) - 0.377 3 (5.9) 1 (3.8) 0.6 (0.1–6.5) 0.703

Hemoglobin, g·dL−1 10.79 ± 1.57 11.94 ± 2.92 1.1 (0.0–2.3) 0.049 10.81 ± 1.48 11.29 ± 2.46 0.5 (−0.4–1.4) 0.284

Creatinine, mg·dL−1 0.71 ± 0.91 0.77 ± 0.31 0.1 (−0.1–0.2) 0.558 0.83 ± 0.2 0.72 ± 0.28 −0.0
(−0.1–0.1) 0.987

Lactate, mmol·L−1 1.87 ± 1.55 2.58 ± 2.31 0.7 (−0.3–1.8) 0.184 1.87 ± 1.59 2.21 ± 1.89 0.3 (−0.5–1.1) 0.413
C-reactive protein,

mcg·L−1 72.9 ± 49.4 127.6 ± 91.5 54.6 (18.5–90.8) 0.004 69.0 ± 40.6 107.2 ± 84.0 38.2 (9.8–66.6) 0.040

Analgesic protocol:
Morphine, n (%) 13 (20) 2 (16.7) 1.2 (0.2–6.4) 0.789 10 (19.6) 5 (19.2) 1.0 (0.3–3.4) 0.968

NRS, score 2.4 ± 1.7 1.8 ± 1.2 −0.5
(−1.6–0.5) 0.273 2.4 ± 1.8 2.1 ± 1.4 −0.3

(−1.1–0.5) 0.528

Data are expressed as mean ± SD or absolute and relative frequencies. ASA: American Society of Anesthesiologists
physical status; OR: operating room; NIMV: non-invasive mechanical ventilation; RRTs: renal replacement
therapies; NRS: numerical rating scale.

Quantitative variables significantly related to the overall mortality were dichotomized
through the relevant clinical cut-off points as follows: BMI ≥ 30 kg·m−2, preoperative
hemoglobin ≤ 10 g·dL−1, creatinine ≥ 1.1 mg·dL−1, general anesthesia without intra-
operative epidural analgesia, and C-reactive protein ≥ 75 mcg·L−1. In the multivariate
analysis performed after this categorization, the non-use of intraoperative epidural analge-
sia emerged as the sole variable significantly related to the overall mortality (Table 6).

Table 6. Multivariate analysis of overall mortality prediction.

p Exp (B) 95% CI of Exp (B)

1st Step

BMI > 30 kg·m−2 0.304 0.464 0.108–2.003
Preoperative hemoglobin < 10 g·dL−1 0.945 0.936 0.142–6.181
Preoperative creatinine > 1.1 mg·dL−1 0.402 0.373 0.037–3.747
Non-intraoperative epidural analgesia 0.049 3.146 1.004–9.861

C-reactive protein > 75 mcg·L−1 0.097 2.445 0.850–7.026
Constant 0.005 0.281
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Table 6. Cont.

p Exp (B) 95% CI of Exp (B)

2nd Step

BMI > 30 kg·m−2 0.304 0.467 0.110–1.991
Preoperative creatinine > 1.1 mg·dL−1 0.404 0.376 0.038–3.738
Non-intraoperative epidural analgesia 0.047 3.126 1.013–9.647

C-reactive protein > 75 mcg·L−1 0.091 2.424 0.867–6.780
Constant 0.005 0.281

3rd Step

BMI > 30 kg·m−2 0.350 0.503 0.119–2.124
Non-intraoperative epidural analgesia 0.053 3.002 0.988–9.123

C-reactive protein > 75 mcg·L−1 0.081 2.488 0.895–6.918
Constant 0.003 0.260

4th Step
Non-intraoperative epidural analgesia 0.040 3.193 1.054–9.676

C-reactive protein > 75 mcg·L−1 0.066 2.592 0.940–7.149
Constant 0.000 0.223

5th Step Non-intraoperative epidural analgesia 0.039 3.111 1.060–9.128
Constant 0.001 0.357

4. Discussion
CS + HIPEC is a long-debated treatment in oncologic surgery. In our sample, the

incidence of complications was high, and the postoperative recovery was slow. However,
these factors did not contribute to an increased one-year or overall mortality rate. This
analysis of the postoperative evolution of all the patients who underwent CS + HIPEC for
tumors of different origins over more than 7 years at a tertiary university hospital showed
that postoperative complications occurred in 62.3% of cases, with a 12-month mortality rate
of 33.8% and a median survival of 63.11 months.

The published data on morbidity following CS + HIPEC vary, ranging from less than
20% to more than 50% [14–20]. This variability may be because the occurrence of complica-
tions depends on the primary tumor causing the peritoneal metastases [2], as well as on the
timing of the analysis. Most studies focus on CS + HIPEC procedures for a single tumor
origin. In our study, we included interventions for peritoneal metastases from various
primary tumors. Furthermore, our analysis accounted for any type of postoperative com-
plication, regardless of its severity, which may have contributed to the high postoperative
morbidity rate observed.

The most frequently reported postoperative complications after this surgery are anasto-
motic dehiscence, intra-abdominal abscess, ileus, and nausea/vomiting [15,17]. Moreover,
the combination of hyperthermia and chemotherapy used during HIPEC may disrupt the
healing process, increasing the incidence of anastomotic leaks, bleeding, and postopera-
tive small-bowel fistulas [21]. The risk of these complications should be minimized by a
thorough lysis of adhesions and the careful performance of anastomosis. Adynamic ileus
is the most common morbidity observed postoperatively, although probably one of the
least serious complications reported [22]. The main complications detected in our sample
were infectious. Septic shock is the main cause of readmission to the ICU in these patients,
with sepsis of abdominal origin the most common cause [23]. HIPEC associated with
hyperthermia induces apoptosis, inhibits angiogenesis, and promotes protein denatura-
tion [24]. These effects are beneficial in preventing tumor progression but can be harmful
from an immunological point of view. Other frequently described complications include
kidney failure [25,26], liver dysfunction, myelosuppression [26], bleeding [27], or venous
thromboembolisms [28]. Although our analysis did not differentiate the severity of the
complications experienced, patients who had at least one complication had a significantly
longer hospital stay, which may have affected the overall treatment outcome [6]. Other stud-



Healthcare 2025, 13, 808 11 of 15

ies have shown that, although more than 50% of patients experienced severe complications
(Clavien–Dindo > 2), the mortality rate was 0% [17].

Patients undergoing CS + HIPEC often suffer from multiple comorbidities, with a
worse ASA physical status [2]. These conditions may make them more susceptible to
postoperative complications. We did not detect that the ASA physical status or the presence
of comorbidities influenced the occurrence of postoperative complications. We also did not
detect a relationship between the preoperative hemoglobin and creatinine values and the
manifestation of the different complications. However, age [29], male gender [30], preoper-
ative frailty [8], preoperative heart diseases [31], smoking [30], preoperative glycemia [32],
intraoperative vasoactive support [23], and intraoperative infusion greater than 6 L of
crystalloids [33] have been associated with postoperative complications. Although in-
flammatory markers are normally elevated intraoperatively and decrease during the first
postoperative day [23], C-reactive protein values in the immediate postoperative period
were significantly higher in patients who suffered respiratory failure. Postoperative creati-
nine in our analysis was only detected as a marker of respiratory failure, despite the fact that
it is usually a marker of postoperative renal failure. On the other hand, the postoperative
need for non-invasive mechanical ventilation and vasoactive support was significantly
higher in patients with renal failure and infectious complications, while the need for renal
replacement therapies was significantly higher in patients with renal or respiratory failure
and infectious complications.

The duration of surgery was significantly longer in patients who subsequently suffered
renal failure, adynamic ileus, and any infectious complications in our sample. These data
are consistent with those found in previous studies [30,33]. However, the length of surgery
did not seem to affect the occurrence of respiratory complications, despite being a risk factor
for postoperative pulmonary complications in predictive scores widely used in routine
clinical practice [34].

The reported mortality after CS + HIPEC ranges from 0% [17] to 1.6% [35] and 2.1% [19,20].
The same occurs for postoperative mortality and for complications: the mortality rate
depends on the time at which the postoperative analysis is performed. Therefore, the
variability between the different studies found is notable: it may be around 2% at one
month [15,20] and 13.9% at 12 months [35]. A meta-analysis carried out on 16 studies
detected survival rates of 41.2–100% at one year, 5.9–87.9% at three years, and around
27–62% at five years postoperatively [26]. The mortality detected in our sample was 10.4%
at 6 months and 15.6% at 12 months, and the overall mortality (during the 7 years of
this study) was 33.8%. A meta-analysis carried out in epithelial ovarian cancer shows an
overall survival after surgery of around 26.6–71.3 months [36], while in colorectal cancer the
median overall survival was 41 months, in gastric cancer 14 months, and in mesothelioma
66 months [19]. The median survival in our sample was 63.11 months, despite the inclusion
of different primary tumors.

The occurrence of complications was not associated with an increase in postoperative
mortality at 1 year. Complications did not correlate with postoperative mortality, according
to the findings in reference [17]. Factors contributing to 1-year mortality included lower
body mass index (BMI), reduced preoperative hemoglobin and creatinine levels, absence of
intraoperative epidural analgesia, and elevated postoperative hemoglobin and C-reactive
protein levels. Preoperative optimization of the patient both nutritionally and analytically
may offer improvements in postoperative outcomes [10].

Surgical damage associated with chemotherapy treatment can lead to central and
peripheral inflammation [37]. The associated postoperative pain is moderate–severe [37],
and the use of thoracic epidural analgesia is recommended to reduce respiratory compli-
cations and adynamic ileus [23]. Pain assessment with the numerical rating scale in this
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population yielded values similar to those found in other postsurgical patients [38]. Despite
the alterations in coagulation or the appearance of postoperative thrombocytopenia, an
increase in the presence of postoperative epidural hematomas has not been detected in
these patients [37,39]. The percentage of patients who received intraoperative epidural
analgesia was significantly higher among patients who survived. However, no differences
were detected in postoperative analgesic management according to the analgesic protocol
administered, whether epidural or morphine, and no differences were detected in analgesic
management [40] and in the appearance of respiratory complications or adynamic ileus.

Limitations

Despite the exhaustive collection of data performed in this retrospective analysis,
we acknowledge some limitations. The main limitation is the potential loss of patients
or data. However, the patients were collected from an electronic database, and the data
were recorded exhaustively therein during those seven years. In addition, all the patients
operated on during this period were included, which ensures good internal validity. Al-
though multiple types of cancers during a significant time interval were included, it may
not be possible to extrapolate the results to other types of centers or to patients with other
characteristics. Another limitation was the possibility that there may have been data that
were not considered, and that could have influenced the results. Some of these variables not
included in the analysis may be related to the nonuse of intraoperative epidural analgesia.
We believe that the data analyzed can be easily collected and generally obtained in most
centers in which this surgery occurs, making the analysis relevant. In addition, the analysis
was carried out according to the data collected from the electronic medical record. Thus,
we are unaware of aspects that may be key to understanding, such as the patient’s state of
frailty or quality of life. Finally, most of the studies we found were retrospective analyses
or meta-analyses, and there was little published information on perioperative risk factors
that influence postoperative mortality. Therefore, we were not able to compare our findings
with those published in other centers.

5. Conclusions
The aggressiveness and duration of CS + HIPEC leads to a high incidence of post-

operative complications. However, the appearance of postoperative complications does
not seem to affect postoperative survival. There are many perioperative factors that can
favor the appearance of postoperative complications and lengthen the hospital stay. The
optimization of these parameters, such as preoperative hemoglobin and creatinine, or the
careful management of intraoperative analgesia can prevent postoperative complications
and speed up patient recovery. In addition, close postoperative monitoring of patients’
evolution and analytical markers can lead to an active approach to prevent the progression
of complications.

Author Contributions: Conceptualization, L.V.-S., Á.B.-B. and A.R.-P.; methodology, Á.B.-B., M.M.-F.,
V.M.-P. and A.R.-P.; software, Á.B.-B.; validation, N.O.-B. and A.R.-P.; formal analysis, Á.B.-B. and
M.M.-F.; investigation, M.M.-F. and V.M.-P.; resources, A.R.-P.; data curation, L.V.-S., Á.B.-B. and
A.R.-P.; writing—original draft preparation, L.V.-S., Á.B.-B., M.M.-F. and A.R.-P.; writing—review and
editing, Á.B.-B. and A.R.-P.; visualization, L.V.-S., Á.B.-B. and A.R.-P.; supervision, L.V.-S., Á.B.-B.,
N.O.-B. and A.R.-P.; project administration, A.R.-P.; funding acquisition, A.R.-P. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Healthcare 2025, 13, 808 13 of 15

Institutional Review Board Statement: This study was approved by the CEIC/CEI Hospital Univer-
sitario de Gran Canaria Doctor Negrín, Las Palmas de Gran Canaria, Spain (#2019-357-1), approved
on 26 September 2019.

Informed Consent Statement: Patient consent was waived due to the retrospective nature of this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We would like to thank the staff of the Department of Anesthesiology, Pain
Management, and Intensive Care Medicine for their support in carrying out this research. We also
thank Peter Mangiaracina, a certified English instructor, for editing the English manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Sadeghi, B.; Arvieux, C.; Glehen, O.; Beaujard, A.C.; Rivoire, M.; Baulieux, J.; Fontaumard, E.; Brachet, A.; Caillot, J.L.; Faure, J.L.;

et al. Peritoneal carcinomatosis from non-gynecologic malignancies: Results of the EVOCAPE 1 multicentric prospective study.
Cancer 2000, 88, 358–363. [CrossRef]

2. Alberto V, M.E.; Zuluaga, D.; Winter, A.; Pratschke, J.; Rau, B.; Gül, S. Complications after cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy—Can we do better? J. Surg. Oncol. 2024, 130, 1403–1421. [CrossRef]

3. Deng, H.; Li, B.; Qin, X. The short- and long-term survival of hyperthermic intraperitoneal chemotherapy (HIPEC) in the advanced
gastric cancer with/without peritoneal carcinomatosis: A systematic review and meta-analysis of randomized controlled trials.
Updates Surg. 2022, 74, 1805–1816. [CrossRef]

4. Simkens, G.A.; van Oudheusden, T.R.; Luyer, M.D.; Nienhuijs, S.W.; Nieuwenhuijzen, G.A.; Rutten, H.J.; de Hingh, I.H.
Serious postoperative complications affect eartly recurrence after cytoreductive surgery and HIPEC for colorectal peritoneal
carcinomatosis. Ann. Surg. Oncol. 2015, 22, 2656–2662. [CrossRef] [PubMed]

5. Glehen, O.; Kwiatkowski, F.; Sugarbaker, P.H.; Elias, D.; Levine, E.A.; De Simone, M.; Barone, R.; Yonemura, Y.; Cavaliere, F.;
Quenet, F.; et al. Cytoreductive surgery combined with perioperative intraperitoneal chemotherapy for the management of
peritoneal carcinomatosis from colorectal cancer: A multi-institutional study. J. Clin. Oncol. 2004, 22, 3284–3292. [CrossRef]
[PubMed]

6. Ripollés-Melchor, J.; Abad-Motos, A.; Zorrilla-Vaca, A. Enhanced Recovery After Surgery (ERAS) in Surgical Oncology. Curr.
Oncol. Rep. 2022, 24, 1177–1187. [CrossRef]

7. Kepenekian V Bhatt, A.; Péron, J.; Alyami, M.; Benzerdjeb, N.; Bakrin, N.; Falandry, C.; Passot, G.; Rousset, P.; Glehen, O.
Advances in the management of peritoneal malignancies. Nat. Rev. Clin. Oncol. 2022, 19, 698–718. [CrossRef]

8. Becerra-Bolaños, A.; Hernández-Aguiar, Y.; Rodríguez-Pérez, A. Preoperative frailty and postoperative complications after
non-cardiac surgery: A systematic review. J. Int. Med. Res. 2024, 52, 3000605241274553. [CrossRef]

9. Konstantinidis, I.T.; Chouliaras, K.; Levine, E.A.; Lee, B.; Votanopoulos, K.I. Frailty correlates with postoperative mortality and
mayor morbidity after cytoreductive surgery with hyperthermic intraperitoneal chemotherapy. Ann. Surg. Oncol. 2017, 24,
3825–3830. [CrossRef]

10. Robella, M.; Tonello, M.; Berchialla, P.; Sciannameo, V.; Ilari Civit, A.M.; Sommariva, A.; Sassaroli, C.; Di Giorgio, A.; Gelmini, R.;
Ghirardi, V.; et al. Enhaced recovery after surgery (ERAS) program for patients with peritoneal surface malignancies undergoing
cytoreductive surgery with or without HIPEC: A systematic review and meta-analysis. Cancers 2023, 15, 570. [CrossRef]

11. Hübner, M.; Kusamura, S.; Villeneuve, L.; Al-Niaimi, A.; Alyami, M.; Balonov, K.; Bell, J.; Bristow, R.; Guiral, D.C.; Fagotti, A.;
et al. Guidelines for perioperative care in cytoreductive surgery (CRS) with or without hyperthermic intraperitoneal chemother-
apy (HIPEC): Enhanced recovery after surgery (ERAS®) Society Recommendations—Part I: Preoperative and intraoperative
management. Eur. J. Surg. Oncol. 2020, 46, 2292–2310. [PubMed]

12. Somashekhar, S.P.; Deo, S.; Thammineedi, S.R.; Chaturvedi, H.; Mandakukutur Subramanya, G.; Joshi, R.; Kothari, J.; Srinivasan,
A.; Rohit, K.C.; Ray, M.; et al. Enhanced recovery after surgery in cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy: National survey of peri-operative practice by Indian society of peritoneal surface malignancies. Pleura Peritoneum.
2023, 8, 91–99. [PubMed]

13. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P.; STROBE Initiative. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Lancet
2007, 370, 1453–1457. [CrossRef] [PubMed]

14. Huang, C.Q.; Min, Y.; Wang, S.Y.; Yang, X.J.; Liu, Y.; Xiong, B.; Yonemura, Y.; Li, Y. Cytoreductive surgery plus hyperthermic
intraperitoneal chemotherapy improves survival for peritoneal carcinomatosis from colorectal cancer: A systematic review and
meta-analysis of current evidence. Oncotarget 2017, 8, 55657–55683.

https://doi.org/10.1002/(SICI)1097-0142(20000115)88:2%3C358::AID-CNCR16%3E3.0.CO;2-O
https://doi.org/10.1002/jso.27988
https://doi.org/10.1007/s13304-022-01376-5
https://doi.org/10.1245/s10434-014-4297-y
https://www.ncbi.nlm.nih.gov/pubmed/25515200
https://doi.org/10.1200/JCO.2004.10.012
https://www.ncbi.nlm.nih.gov/pubmed/15310771
https://doi.org/10.1007/s11912-022-01282-4
https://doi.org/10.1038/s41571-022-00675-5
https://doi.org/10.1177/03000605241274553
https://doi.org/10.1245/s10434-017-6111-0
https://doi.org/10.3390/cancers15030570
https://www.ncbi.nlm.nih.gov/pubmed/32873454
https://www.ncbi.nlm.nih.gov/pubmed/37304161
https://doi.org/10.1016/S0140-6736(07)61602-X
https://www.ncbi.nlm.nih.gov/pubmed/18064739


Healthcare 2025, 13, 808 14 of 15

15. Quénet, F.; Elias, D.; Roca, L.; Goéré, D.; Ghouti, L.; Pocard, M.; Facy, O.; Arvieux, C.; Lorimier, G.; Pezet, D.; et al. Cytoreductive
surgery plus hyperthermic intraperitoneal chemotherapy versus cytoreductive surgery alone for colorectal peritoneal metastases
(PRODIGE 7): A multicentre, randomised, open-label, phase 3 trial. Lancet Oncol. 2021, 22, 256–266.

16. Lundy, M.E.; Moaven, O.; Perry, K.C.; Mangieri, C.W.; Valenzuela, C.D.; Russell, G.B.; Bordelon, R.; Shen, P.; Votanopoulos, K.I.;
Levine, E.A. Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy for Management of Colorectal Cancer with
Peritoneal Dissemination: 30 Years of Experience at a Single Institution. J. Am. Coll. Surg. 2022, 234, 546–556. [CrossRef]

17. Rovers, K.P.; Bakkers, C.; Nienhuijs, S.W.; Burger, J.W.A.; Creemers, G.M.; Thijs, A.M.J.; Brandt-Kerkhof, A.R.M.; Madsen, E.V.E.;
van Meerten, E.; Tuynman, J.B.; et al. Perioperative Systemic Therapy vs Cytoreductive Surgery and Hyperthermic Intraperitoneal
Chemotherapy Alone for Resectable Colorectal Peritoneal Metastases: A Phase 2 Randomized Clinical Trial. JAMA Surg. 2021,
156, 710–720.

18. Rau, B.; Lang, H.; Koenigsrainer, A.; Gockel, I.; Rau, H.G.; Seeliger, H.; Lerchenmueller, C.; Reim, D.; Wahba, R.; Angele, M.; et al.
Effect of Hyperthermic Intraperitoneal Chemotherapy on Cytoreductive Surgery in Gastric Cancer With Synchronous Peritoneal
Metastases: The Phase III GASTRIPEC-I Trial. J. Clin. Oncol. 2024, 42, 146–156.

19. Manzanedo, I.; Pereira, F.; Cascales-Campos, P.; Muñoz-Casares, C.; Asensio, E.; Torres-Melero, J.; Prada-Villaverde, A.; Caravaca-
García, I.; Gutiérrez-Calvo, A.; Vaqué, J.; et al. Treatment of Peritoneal Surface Malignancies by Cytoreductive Surgery (CRS)
and Hyperthermic Intraperitoneal Chemotherapy (HIPEC) in Spain: Results of the National Registry of the Spanish Group of
Peritoneal Oncologic Surgery (REGECOP). J. Clin. Med. 2023, 12, 3774. [CrossRef]

20. Jafari, M.D.; Halabi, W.J.; Stamos, M.J.; Nguyen, V.Q.; Carmichael, J.C.; Mills, S.D.; Pigazzi, A. Surgical outcomes of hyperthermic
intraperitoneal chemotherapy: Analysis of the american college of surgeons national surgical quality improvement program.
JAMA Surg. 2014, 149, 170–175. [CrossRef]

21. Guchelaar, N.A.D.; Noordman, B.J.; Koolen, S.L.W.; Mostert, B.; Madsen, E.V.E.; Burger, J.W.A.; Brandt-Kerkhof, A.R.M.; Creemers,
G.J.; de Hingh, I.H.J.T.; Luyer, M.; et al. Intraperitoneal Chemotherapy for Unresectable Peritoneal Surface Malignancies. Drugs
2023, 83, 159–180. [CrossRef] [PubMed]

22. Cascales-Campos, P.A.; Sánchez-Fuentes, P.A.; Gil, J.; Gil, E.; López-López, V.; Rodriguez Gomez-Hidalgo, N.; Fuentes, D.;
Parrilla, P. Effectiveness and failures of a fast track protocol after cytoreduction and hyperthermic intraoperative intraperitoneal
chemotherapy in patients with peritoneal surface malignancies. Surg. Oncol. 2016, 25, 349–354. [CrossRef]

23. Wajekar, A.S.; Solanki, S.L.; Patil, V.P. Postoperative complications and critical care management after cytoreduction surgery and
hyperthermic intraperitoneal chemotherapy: A systematic review of the literature. World J. Crit. Care Med. 2022, 11, 375–386.
[CrossRef] [PubMed]
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