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Abstract

Background Cytoreductive surgery (CRS) plus hyperthermic intraperitoneal chemotherapy (HIPEC) is the standard
treatment for pseudomyxoma peritonei (PMP). It can significantly prolong the survival of patients, but at the same
time may increase the risk of postoperative infection.

Method Patients with PMP who underwent CRS +HIPEC at our center were retrospectively analyzed. According

to PMP patients, basic clinical data and relevant information of postoperative infection, we analyzed the common
sites of postoperative infection, results of microbial culture and the antibiotics sensitivity. Univariate and multivariate
analysis were performed to explore infection-related risk factors.

Result Among the 482 patients with PMP, 82 (17.0%) patients were infected after CRS+HIPEC. The most common
postoperative infection was central venous catheter (CVC) infection (8.1%), followed by abdominal-pelvic infection
(5.2%). There were 29 kinds of microbes isolated from the culture (the most common was Staphylococcus epidermidis),
including 13 kinds of Gram-positive bacteria, 12 kinds of Gram-negative bacteria, and 4 kinds of funguses. All the anti-
biotics sensitivity results showed that the most sensitive antibiotics were vancomycin to Gram-positive bacteria
(98.4%), levofloxacin to Gram-negative bacteria (68.5%), and fluconazole to fungus (83.3%). Univariate and multivariate
analysis revealed the infection independent risk factors as follow: intraoperative blood loss>350 mL (P=0.019), ascites
volume =300 mL (P=0.008).

Conclusion PMP patients may have increased infection risk after CRS+HIPEC, especially CVC, abdominal-pelvic
and pulmonary infections. The microbial spectrum and antibiotics sensitivity results could help clinicians to take
prompt prophylactic and therapeutic approaches against postoperative infection for PMP patients.
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Introduction

Pseudomyxoma peritonei (PMP) is a malignant clinical
syndrome characterized by the accumulation and redis-
tribution of mucus produced by mucinous tumor cells
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Nowadays, the integrated treatment which focuses on
CRS+HIPEC is the main strategy for the treatment of
PMP [11, 12]. For the selected PMP patients, standard-
ized CRS+HIPEC can significantly improve their over-
all survival up to 103.4-196 months, and the 5-year and
10-year survival rates can reach 92.1% and 80.8% [13].

CRS is a complex surgical procedure, lasts a long time,
and generally has a wide range of excision, which may
have a great impact on the patients. The drugs of HIPEC
may expose patients to the risk of immunosuppression,
and splenectomy for some patients due to local invasion
will also increase the risk of immunosuppression [14].
Thus, PMP patients are potentially at high risk for post-
operative infection. According to literature reports, the
incidence of postoperative infection adverse events after
CRS +HIPEC is about 21.0% ~ 43.0% [15-19].

This study aims to analyze the common infection sites,
microbes and corresponding antibiotics sensitivity result
of PMP patients after CRS +HIPEC. So as to provide ref-
erence for the treatment of patients with such postopera-
tive infections.

Patients and methods

Clinical data

This study was approved by the institutional review board
of Beijing Shijitan Hospital, Capital Medical University
(2015-[20]). All patients signed an informed consent
to receive CRS+HIPEC and for the use of their clin-
icopathological data for further research and academic
publications.

This retrospective study included 482 patients with
PMP treated with CRS+HIPEC at Beijing Shijitan Hos-
pital from May 2015 to April 2022. Data regarding the
basic clinicopathological characteristics, CRS+HIPEC
related information, and postoperative infection related
information (results of microbial culture and antibiotic
sensitivity test, etc.) were collected.

Patient selection

All patients met the criteria for CRS+HIPEC surgery
[21], and the inclusion criteria were as follows: (1) Kar-
nofsky performance status score>60; (2) normal periph-
eral blood white blood cell count>3,500/mm® and
platelet count >80,000/mm?; (3) acceptable liver func-
tion, with total bilirubin <2 X the upper limit of normal
(ULN) and aspartic aminotransferase and alanine ami-
notransferase <2 X ULN; (4) acceptable renal function,
with serum creatinine <1.5 mg/dL; and (5) other major
organ functions can tolerate a major operation. Major
exclusion criteria include: (1) preoperative examina-
tion revealing distant metastases; (2) imaging exami-
nation indicating mesenteric contracture; and (3) the
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performance status and function of vital organs that can-
not tolerate major surgery.

CRS +HIPEC

All CRS+HIPEC procedures were performed by the
peritoneal metastasis specialist team of our center. After
successful general anesthesia, a midline incision was
made in the upper abdomen from the xiphoid process
to the pubic symphysis to expose the abdominal cavity
fully. And then, peritoneal cancer index (PCI) score was
comprehensively evaluated. After CRS, the completeness
of cytoreduction (CC) score was evaluated based on the
residual tumor size. Open HIPEC was administered after
completion of CRS, with 120 mg cisplatin +docetaxel
120 mg, or 120 mg cisplatin + mitomycin 30 mg at 43°C
for 60 min. Subsequently, functional reconstruction of
digestive tract and abdominal closure were performed.

Postoperative infection

Clinical infection should be suspected in patients with
postoperative symptoms such as dyspnea, painful uri-
nation, suppurative discharge in the wound or drainage
tube, or fever>38°C. Persistent increases in neutrophil
counts, procalcitonin and or C-reactive protein levels
48 h after CRS+ HIPEC were also considered suspected
factors for infection. For patients suspected of infection,
microbial culture and antibiotics sensitivity test should
be carried out on any samples obtained clinically, in
order to detect infection as early as possible and take tar-
geted treatment.

CVCinfection

CVC infection was defined as positive CVC tip microbial
culture accompanied by chills and fever (>38°C) or posi-
tive venous blood microbial culture (consistent with the
results of CVC tip microbial culture) within 30 days after
CRS+HIPEC.

Abdominal-pelvic infection

Postoperative abdominal-pelvic infection was defined as
positive microbial culture of the patient’s abdominal-pel-
vic drainage, accompanied by signs of peritonitis, fever
or other infection-related symptoms within 30 days after
CRS+HIPEC.

Pulmonary infection

Postoperative pulmonary infection was defined as posi-
tive microbial culture of the patient’s sputum within
30 days after CRS+HIPEC, accompanied by imaging
signs of infection or symptoms such as fever, cough and
sputum.
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Other types of infection

Postoperative surgical wound infection was defined as
positive microbial culture of the patient’s incision exu-
date within 30 days after CRS+HIPEC, accompanied
by infection symptoms such as skin swelling, heat and
pain around the incision. Postoperative urinary system
infection was defined as positive microbial culture of
midstream urine accompanied by urinary tract irrita-
tion or systemic infection symptoms such as fever and
chills within 30 days after CRS+HIPEC. Postopera-
tive positive blood culture of bacteria/fungi (infection
site unknown) was defined as that the patients showed
systemic infection symptoms such as fever and chills
within 30 days after CRS + HIPEC with the blood cul-
ture of microbe was positive, but the infection site was
still unclear after various examinations and physical
examination.

Statistical analysis

Microsoft Excel 2016 and IBM SPSS Statistics for Win-
dows, version 26.0 were used for data analysis. Meas-
urement data were presented as median (range) or
mean+SD and analyzed by t-test or rank-sum test.
Enumeration data were presented as frequencies and
analyzed using the x2 and Fisher’s exact tests. Univari-
ate and logistic regression analysis were used to ana-
lyze the independent factors influencing postoperative
infection. The Kaplan—Meier method and log-rank test
were used for survival analysis. Statistical significance
was set at P<0.05.

Overall survival

Overall survival (OS) was defined as the time interval
from the date of clinical diagnosis to the date of death
or last follow-up.

Result

Major clinicopathologic characteristics

A total of 482 patients with PMP were included in this
study, including 211 males (43.8%) and 271 females
(56.2%). The median age was 55 (25-75) years. Patho-
logical diagnosis showed that there were 15 (3.1%)
cases of acellular mucus, 268 (55.6%) cases of low
grade, 153 (31.7%) cases of high grade, and 46 (9.5%)
cases of high grade with signet-ring cells. There were
31 (6.4%) patients with vascular tumor thrombus and
32 (6.6%) patients with lymphatic invasion. The median
duration of CRS + HIPEC operation was 640 (95-1,082)
minutes. The median number of organs resected and
stripped peritoneum area were 3 (0—10) and 5 (0-9),
respectively. The median PCI score was 29 (1-39), and
258 (53.5%) cases achieved CCO-1. Anastomosis was
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found in 350 patients (72.6%). The main clinicopatho-
logical characteristics and surgical parameters are
shown in Table 1.

Thesites of postoperative infection

Among the 482 patients with PMP, 82 (17.0%) cases had
postoperative infection with no patients died due to the
infection, including 39 (8.1%) cases of CVC infection,
25 (5.2%) cases of abdominal-pelvic infection, 23 (4.8%)
cases of pulmonary infection, 10 (2.1%) cases of surgi-
cal wound infection, 5 (1.0%) cases of urinary system

Table 1 Clinicopathological characteristics and CRS+HIPEC

parameters of patients with PMP

Variables Value
Gender, n (%)
Male 211(43.8)
Female 271(56.2)
Age (years), median (range) 55(25-75)
Intravenous chemotherapy, n (%)
No 298(61.8)
Yes 184(38.2)
KPS, median (range) 90(60-100)

BMI (kg/m2), median (range) 23.0(15.2-40.0)

Pathological diagnosis, n (%)

Acellular mucus 15(3.1)

Low grade 268(55.6)

High grade 153(31.7)

High grade with signet ring cells 46(9.5)
Vascular invasion, n (%)

No 451(93.6)

Yes 31(6.4)
Lymphatic metastasis, n (%)

No 450(93.4)

Yes 32(6.6)

Operative duration (min), median (range) 640(95-1,080)

hospital length of stay (d), median (range) 24(11-97)

Resected organs, median (range) 3(0-10)

Stripped peritoneum area, median (range) 5(0-9)
Anastomosis, n (%)

No 132(27.4)

Yes 350(72.6)

PCl, median (range) 29(1-39)

CC n (%) 258(53.5)

0-1 224(46.5)

2-3 600(20-5,000)

Intraoperative blood loss (mL), median (range) 3.5(0-20)

RBC transfusion volume (U), median (range) 800(0-2,000)

Plasma transfusion volume (mL), median (range) 500(0-20,000)

Ascites volume (mL), median (range) 258(53.5)

BMI Body mass index, KPS Karnofsky performance status, PCl Peritoneal cancer
index, CC Completeness of cytoreduction, RBC Red blood cells
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Table 2 Sites of postoperative infection in patients with PMP

Accounts for the
proportion of all
patients (%)

Infection sites Patients(n) Accounted for the proportion of

postoperative infection patients (%)

CVCinfection 39 476 8.1
Abdominal and pelvic infection 25 305 52
Pulmonary infection 23 28.1 4.8
Surgical wound infection 10 12.2 2.1
Urinary system infection 5 6.1 1.0
Blood culture bacteria/fungi positive 5 6.1 1.0
(unknown infection site)

> 2 Infection sites 21 256 44

CVC Central venous catheter

infection, and 5 (1.0%) cases of blood culture microbe
positive (unknown infection site) (Table 2).

Types of infected microbe and drug susceptibility

Types of infected microbe

The 82 patients who had postoperative infection were
infected with a total of 29 types of bacteria and fungi,
including 13 types of Gram-positive bacteria (Staphy-
lococcus epidermidis, Staphylococcus hominis subsp.
hominis, Staphylococcus aureus, Enterococcus faecalis,
Staphylococcus capitis, Enterococcus faecium, Gemella
haemolysans, Staphylococcus caprae, Streptococcus
mitis, Streptococcus oralis, Streptococcus intermedius,
Streptococcus anginosus, and Enterococcus casselifla-
vus), 12 types of Gram-negative bacteria (Acinetobac-
ter baumannii, Klebsiella pneumoniae, Escherichia coli,
Enterobacter cloacae subsp. Cloacae, Pseudomonas aer-
uginosa, Enterobacter aerogenes, Acinetobacter nosocomi-
alis, Enterobacter kobei, Stenotrophomonas maltophilia,
Enterobacter asburiae, Klebsiella aerogenes, Klebsiella
oxytoca), 4 types of fungi (Candidia albicans, Candida
parapsilosis, Candida famata, Candida tropicalis). 50
(61.0%) patients were infected with Gram-positive bacte-
ria, among which the most common was Staphylococcus
epidermidis (25.6%), followed by Staphylococcus hominis
subsp. hominis (12.2%), Staphylococcus aureus (11.0%). 41
patients (50.0%) were infected with Gram-negative bac-
teria, of which the most common was Acinetobacter bau-
mannii, followed by Klebsiella pneumoniae (9.8%) and
Escherichia coli (9.8%) (Table 3).

The most common microbe of CVC infection was
Staphylococcus epidermidis (35.9%), followed by Staphy-
lococcus hominis subsp. hominis (23.1%) and Staphy-
lococcus aureus (5.1%). The most common microbe of
abdominal-pelvic infection was Enterococcus faecalis
(24.0%), followed by Enterobacter cloacae subsp. Cloacae
(16.0%) and Escherichia coli (16.0%). The most common

Table 3 The types and proportion of the microbes isolated from
PMP patients with postoperative infection

Variable Infected Proportion (%)
patients
(n)

Gram-positive bacteria 50 61.0
Staphylococcus epidermidis 21 256
Staphylococcus hominis subsp. hominis 10 12.2
Staphylococcus aureus 9 11.0
Enterococcus faecalis 8 9.8
Staphylococcus capitis 2 24
Enterococcus faecium 2 24
Gemella haemolysans 1 12
Staphylococcus caprae 1 1.2
Streptococcus mitis 1 12
Streptococcus oralis 1 12
Streptococcus intermedius 1 12
Streptococcus anginosus 1 1.2
Enterococcus casseliflavus 1 1.2

Gram-negative bacteria 41 50.0
Acinetobacter baumannii 13 15.9
Klebsiella pneumoniae 8 9.8
Escherichia coli 8 9.8
Enterobacter cloacae subsp. Cloacae 7 85
Pseudomonas aeruginosa 6 7.3
Enterobacter aerogenes 2 24
Acinetobacter nosocomialis 1 1.2
Enterobacter kobei 2 24
Stenotrophomonas maltophilia 1 1.2
Enterobacter asburiae 1 1.2
Klebsiella aerogenes 1 1.2
Klebsiella oxytoca 1 1.2

Fungus
Candida albicans 3 37
Candida parapsilosis 1 1.2
Candida famata 1 1.2
Candida tropicalis 1 1.2
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Table 4 The common microbes isolated from the postoperative infection sites of PMP patients

Infection sites The common microbe 1 (%)

The common microbe 2 (%)

The common microbe 3 (%)

CVCinfection
Abdominal-pelvic infection

Staphylococcus epidermidis (35.9)
Enterococcus faecalis (24.0)
Pulmonary infection Acinetobacter baumannii (34.8)
Surgical wound infection Staphylococcus epidermidis (30.0)
Escherichia coli (60.0)

Staphylococcus epidermidis (40.0)

Urinary system infection

Blood culture bacteria/fungi
positive (unknown infection site)

Staphylococcus hominis subsp. Hominis (23.1)
Enterobacter cloacae subsp. Cloacae (16.0)
Staphylococcus aureus (21.7)

Escherichia coli (30.0)

Candida albicans (20.0)

Staphylococcus hominis subsp. Hominis (20.0)

Staphylococcus aureus (5.1)
Escherichia coli (16.0)
Pseudomonas aeruginosa (21.7)
Enterobacter kobei (10.0)
Enterococcus faecalis (20.0)
Klebsiella pneumoniae (20.0)

CVC Central venous catheter

microbe of pulmonary infection was Acinetobacter bau-
mannii (34.8), followed by Staphylococcus aureus (21.7%)
and Pseudomonas aeruginosa (21.7%) (Table 4).

The result of antibiotics sensitivity

Among the microbes isolated from the 82 PMP patients
with postoperative infections, the most sensitive anti-
biotics for Gram-positive bacteria were vancomycin
(98.4%), linezolid (78.7%) and tigacycline (72.1%). The
most sensitive antibiotics for Gram-negative bacteria

were levofloxacin (68.5%), amikacin (66.7%) and cefepime
(64.8%). The most sensitive antibiotics for fungi were flu-
conazole (83.3%), voriconazole (83.3%) and flucytosine
(50.0%) (Table 5).

The results of antibiotics sensitivity of common gram-
positive bacteria were as follows, Staphylococcus epi-
dermidis: vancomycin (100.0%), rifampicin (100.0%),
linezolid (85.7%); Staphylococcus hominis subsp. Homi-
nis: vancomycin (100.0%), quinuptin/dafoptin (100.0%),
gentamicin (80.0%); Staphylococcus aureus: vancomycin

Table 5 The results of antibiotics sensitivity to microbes isolated from PMP patients with postoperative infection

Types The results of antibiotics sensitivity test (sensitivity rate)
Gram-positive Vancomycin Linezolid (78.7%) Tigecycline (72.1%)
bacteria (98.4%)

Staphylococcus  Vancomycin Rifampicin (100.0%) Linezolid (85.7%)
epidermidis (100.0%)

Staphylococcus  Vancomycin Rifampicin (100.0%) Quinuptin/Dafoptin
hominis subsp. (100.0%) (100.0%)

Hominis

Staphylococcus  Vancomycin Linezolid (100.0%)  Quinuptin/Dafoptin
aureus (100.0%) (90.0%)

Enterococcus Vancomycin Penicillin G (100.0%) Ampicillin (100.0%)
faecalis (100.0%)

Staphylococcus  Vancomycin Linezolid (100.0%)  Quinuptin/Dafoptin
capitis (100.0%) (100.0%)
Gram-negative Levofloxacin Amikacin (66.7%) Cefepime (64.8%)
bacteria (68.5%)

Acinetobacter Minocycline Sulfamethoxazole  Levofloxacin
baumannii (64.3%) (50.0%) (42.9%)

Klebsiella pneu-  Amikacin (75.0%) Imipenem (62.5%)  Meropenem
moniae (50.0%)

Escherichia coli

Amikacin (100.0%)

Piperacillin (90.0%)

Imipenem (90.0%)

Enterobacter Amikacin (100.0%)  Ciprofloxacin Levofloxacin
cloacae subsp. (100.0%) (100.0%)
Cloacae
Pseudomonas Amikacin (100.0%)  Meropenem Cefepime (100.0%)
aeruginosa (100.0%)
Fungus Fluconazole Voriconazole Flucytosine
(83.33%) (83.33%) (50.009%)
Candida albicans  Fluconazole Voriconazole Flucytosine
(100.00%) (100.00%) (33.33%)

Rifampicin (72.1%)
Tigecycline (85.7%)

Gentamicin (80.0%)

Gentamicin (90.0%)
Linezolid (77.8%)
Rifampicin (100.0%)

Meropenem
(63.0%)

Meropenem
(35.7%)

Aztreonam (50.0%)

Ertapenem (90.0%)
Cefepime (85.7%)

Ceftazidime
(100.00%)

Itraconazole
(33.33%)

Quinuptin/Dafop-
tin (63.9%)

Quinuptin/Dafop-
tin (76.2%)

Linezolid (70.0%)

Rifampicin (90.0%)

Ciprofloxacin
(77.8%)

Tetracycline
(100.0%)

Piperacillin (59.3%)
Gentamicin (35.7%)
Cefepime (50.0%)
Cefepime (80.0%)

Gentamicin (85.7%)

Ciprofloxacin
(100.00%)

Amphotericin B
(16.67%)

Gentamicin (60.7%)
Gentamicin (71.4%)

Tigecycline (70.0%)

Sulfamethoxazole
(90.0%)

Levofloxacin (77.8%)
Tigecycline (100.0%)
Imipenem (59.3%)
Tobramycin

(35.7%)

Ceftazidime (50.0%)
Meropenem (80.0%)

Tobramycin (85.7%)

Levofloxacin
(100.00%)
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(100.0%), linezolid  (100.0%), quinuptin/dafoptin
(90.0%); Enterococcus faecalis: vancomycin (100.0%),
penicillin G (100.0%), ampicillin (100.0%); Staphylococ-
cus capitis: vancomycin (100.0%), linezolid (100.0%),
quinuptin/dafoptin (100.0%). The results of antibiotics
sensitivity of common gram-negative bacteria were as
follows, Acinetobacter baumannii: minocycline (64.3%),
sulfamethoxazole (50.0%), levofloxacin (42.9%); Kleb-
siella pneumoniae: amikacin (75.0%), imipenem (62.5%),
meropenem (50.0%); Escherichia coli: amikacin (100.0%),
piperacillin  (90.0%), imipenem (90.0%); Enterobacter
cloacae subsp. Cloacae: amikacin (100.0%), ciprofloxacin
(100.0%), levofloxacin (100.0%); Pseudomonas aerugi-
nosa: amikacin (100.0%), meropenem (100.0%), cefepime
(100.0%).

Specific infectious bacteria

Among the 82 PMP patients with postoperative infec-
tion, 6 were infected with multidrug-resistant bacteria
(all occurred in pulmonary infection), of which 2 were
Klebsiella pneumoniae and 4 were Acinetobacter bau-
mannii. The antibiotics sensitivity test shows that 2 cases
of Klebsiella pneumoniae were only sensitive to chloram-
phenicol and amikacin, respectively. 2 cases of Acineto-
bacter baumannii were all antibiotics-resistant and the
other 2 cases were only sensitive to minocycline.

Correlation and survival analysis of postoperative infection
Univariate and multivariate analysis of postoperative
infection

Univariate analysis showed that the following factors
were associated with postoperative infection: pathologi-
cal diagnosis (P=0.001), operative duration (2=0.002),
number of organs resected (P=0.019), splenectomy
(P=0.010), number of stripped peritoneum area
(P=0.026), PCI (P=0.004), CC score (P=0.008), intraop-
erative blood loss (P=0.004), red blood cell transfusion
(P=0.002), plasma transfusion (P=0.012), ascites vol-
ume (P=0.002) (Table 6).

The factors above with P<0.05 were incorporated into
the binary Logistic regression model, and the results of
multivariate analysis showed that intraoperative blood
loss>350 mL (P=0.019) and ascites volume>300 mL
(P=0.008) were independent risk factors for postop-
erative infection. PMP patients with intraoperative
blood loss>350 mL had a 2.454 times risk of postop-
erative infection than those with intraoperative blood
loss<350 mL (P=0.019, OR=2.454, 95%CIL: 1.157-
5.203); For PMP patients with ascites volume >300 mL,
the risk of postoperative infection was 2.192 times
than those with ascites volume<300 mL (P=0.008,
OR=2.192, 95%CL: 1.233-3.897) (Table 7).
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Survival analysis

Among 482 PMP patients, the median follow-up was
56.1 (95%CI: 51.6—60.6) months. There were 173 (35.9%)
patients died, and 309 (64.1%) survived, with median
OS of 79.3 (95%CI: 64.9-93.7) months (Fig. 1A). There
was no significant difference in median OS between the
infected and non-infected groups (76.1 vs.94.8 months,
P=0.071) (Fig. 1B).

Discussion

In this study, the infection rate of PMP patients after
CRS+HIPEC was about 17.0%. The most common infec-
tion was CVC infection (8.1%), followed by abdomi-
nal-pelvic infection (5.2%) and pulmonary infection
(4.8%). Antibiotics sensitivity test revealed vancomycin
as the most sensitive antibiotic for Gram-positive bac-
teria (98.4%), levofloxacin as most sensitive antibiotic
for Gram-negative bacteria (68.5%), and fluconazole
as the most sensitive antibiotic for fungi (83.3%). Uni-
variate and multivariate analysis revealed that ascites
volume>300 mL and intraoperative blood loss vol-
ume > 350 mL were independent risk factors for postop-
erative infection.

CRS+HIPEC is the standard treatment for PMP,
which can significantly improve the survival of patients
with acceptable safety [11, 12]. However, PMP patients
treated with CRS+HIPEC usually had received several
operations and multicycle chemotherapy. Most of these
patients have poor physical condition and are at high risk
of adverse events after invasive multi-organ resection
such as CRS [22]. In addition, HIPEC drugs can not only
kill residual tumor cells in patients’ abdominal cavity, but
also have drug toxicity and immunosuppressive effects,
making PMP patients potentially high-risk for postopera-
tive infection [23, 24].

Previous studies have shown that the infection rate of
PM patients after CRS+ HIPEC was about 21.0% ~ 43.0%
[15-19, 25]. The study of Arslan et al. [22] on 169 PM
patients showed that the postoperative infection rate
of CRS+HIPEC was 27.8%, and the most common was
surgical site infection (21.3%). Smibert et al. [19] ana-
lyzed 100 patients treated with CRS+HIPEC, and the
results showed that the postoperative infection rate was
43.0%, with surgical site infection being the most com-
mon (27.0%). At our center, the postoperative infection
was most frequently observed in the colorectal can-
cer peritoneal metastases (24.3%), and least common in
PMP (17.0%) (Table 8). The overall postoperative infec-
tion rate among PM patients was 20.1% which was lower
than the postoperative infection rate reported in previous
studies (Table 9). This could be attributed to the mature
CRS+HIPEC treatment system of our center (the center
has successfully completed more than 2000 CRS + HIPEC
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Table 6 The univariate analysis of PMP patients with postoperative infection

variable Infected (n=82) Non-infected (n=400) P

Gender, n (%) 0.092
Male 29 (354) 182 (45.5)
Female 53 (64.6) 218 (54.5)

Age (years), n (%) 0.692
<60 51(622) 258 (64.5)
>60 31(37.8) 142 (35.5)

Pathological diagnosis, n (%) 0.001
Acellular mucus 101.2) 14 (3.5
Low grade 60 (73.2) 208 (52.0)
High grade 20 (24.4) 133(33.3)
High grade with signet ring cells 101.2) 45(11.3)

Vascular invasion, n (%) 0.103
No 81(98.8) 374 (93.5)
Yes 1(1.2) 26 (6.5)

Lymphatic metastasis, n (%) 0.094
No 80 (97.6) 370(92.5)
Yes 2(24) 30(7.5)

Operative duration (min), n (%) 0.002
<680 34 (41.5) 241 (60.3)
>680 48 (58.5) 159 (39.8)

Resected organs, n (%) 0.019
<3 23 (28.0) 168 (42.0)
>3 59(72.0) 232(58.0)

Splenectomy 0.010
Yes 40 (48.8) 135 (33.8)
No 42(51.2) 265 (66.3)

Stripped peritoneum area, n (%) 0.026
<6 32(39.0) 210 (52.5)
26 50 (61.0) 190 (47.5)

Anastomosis, n (%) 0.504
No 20 (24.4) 112 (28.0)
Yes 62 (75.6) 288 (72.0)

PCl, n (%) 0.004
<20 13(15.9) 126 (31.5)
>20 69 (84.1) 274 (68.5)

CC, n (%) 0.008
0-1 33(40.2) 225 (56.4)
2-3 49 (59.8) 174 (43.6)

Intraoperative blood loss (mL), n (%) 0.004
<350 9(11.0) 102 (25.5)
>350 73 (89.0) 298 (74.5)

RBC transfusion volume (U), n (%) 0.002
<3 28 (34.1) 212 (53.0)
>3 54 (65.9) 188 (47.0)

Plasma transfusion volume (mL), n (%) 0.012
<700 25(30.5) 182 (45.5)
>700 57 (69.5) 218 (54.5)

Ascites (mL), n (%) 0.002
<300 19(23.2) 166 (41.5)
>300 63 (76.8) 234 (585)

PCl Peritoneal cancer index, CC Completeness of cytoreduction, RBC Red blood cells
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Table 7 The multivariate analysis of PMP patients with
postoperative infection
Variable Wald OR 95%Cl P
Intraoperative blood loss (mL)

>350v5.<350 5482 2454 1.157-5.203 0.019
Ascites volume (mL)

>300 vs.< 300 7.148 2.192 1.233-3.897 0.008

OR Odds ratio; Cl Confidence interval

operations so far). Each PM patient will receive adequate
preoperative preparation, lung function exercise, and
enteral or intra intestinal nutrition support according to
the nutritional status of the patient.

Previous studies also identified major microbial patho-
gens for postoperative infection. Arslan et al. [22] ana-
lyzed 47 infected patients after CRS+HIPEC, and the
microbe culture results showed that Escherichia coli
(47.1%) was the most common bacteria. Valle et al. [18]
studied 78 patients infected after CRS+HIPEC and
found that the most common bacteria infected was
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0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384 408 432

Overall Survival (months)
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Staphylococcus epidermidis (16.7%). In this study, the
most common postoperative infection of PMP patients
was Staphylococcus epidermidis (25.6%). Meanwhile,
according to the antibiotic sensitivity test, the most
common microbe infection of CVC was Staphylococcus
epidermidis (16.7%), which was highly sensitive to van-
comycin, linezolid, tigecycline and so on. Euterococcus
faecalis (9.8%) was the most common microbe isolated
from abdominal-pelvic infection, with high sensitivity
to vancomycin, penicillin G, ampicillin. The most com-
mon microbe isolated from pulmonary infection was
Acinetobacter baumannii (15.9%), while minocycline and
sulfamethoxazole were the only relatively sensitive anti-
biotics. In this study, 6 cases of PMP patients infected
with multi-drug resistant bacteria, all of which were pul-
monary infections, suggesting that after CRS + HIPEC, it
is especially necessary to pay much attention to the pul-
monary function of patients, promote sputum discharge
and reduce the risk of pulmonary infection. Some studies
had shown that [22, 26], the main cause of death due to
infection in patients after CRS+HIPEC is Candida albi-
cans infection. In this study, none of PMP patients died
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Fig. 1 Survival analysis. A Overall survival analysis of all PMP patients; (B) Survival curve analysis of infected group and non-infected group

Table 8 The comparison of postoperative infection rate after CRS + HIPEC for different PM patients at our center

PM Patients number Number of infected patients Postoperative
infection rate
(%)

Gastric cancer PM 114 21 184

Colorectal cancer PM 301 72 243

Pseudomyxoma peritonei 482 82 17.0

Malignant peritoneal mesothelioma 177 32 18.1

Ovarian cancer PM 279 65 183

Total 1353 272 20.1

PM Peritoneal metastases
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Table 9 The literatures of infection after CRS+HIPEC in PM Patients
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Authors Year No Postoperative infection The most common The most common microbe
rate (%) infection site (%)

Capone, et al. [26] 2007 30 36.7 Surgical site Candida albicans

Mizumoto, et al. [16] 2012 250 23.6 Surgical site NA

Haslinger, et al. [15] 2013 112 340 Surgical site NA

Valle M, et al. [18] 2014 111 358 Surgical site Staphylococcus epidermidis

Arslan, et al. [22] 2017 169 278 Surgical site Escherichia coli

Smibert, et al. [19] 2019 100 43.0 Surgical site Escherichia coli

Cardi, et al. [25] 2019 200 210 Surgical site Candida albicans

Viyuela Garcia, et al. [17] 2020 112 254 Surgical site NA

This study 2023 482 17.0 cvC Staphylococcus epidermidis

CVC Central venous catheter. Surgical site: including abdominal-pelvic infection and surgical wound infection

or became critically ill due to Candida albicans infection,
and antibiotics tests showed that Candida albicans was
very sensitive to fluconazole and voriconazole.

There were several studies about postoperative infec-
tion of CRS+HIPEC revealed the following 5 major risk
factors, including colorectal resection, small intestine
resection, intraoperative blood loss, operation dura-
tion>10 h, and preoperative nutritional status [18, 19,
25]. In comparison, our study only found 2 independ-
ent risk factors for postoperative infection, intraopera-
tive blood loss>350 mL and ascites volume>300 mL.
Patients with ascites tended to have abdominal disten-
sion, poor appetite and other gastrointestinal symptoms,
and the nutritional status of such patients were usually
poor. However, nutritional status had been shown to have
a significant impact on the immune system, and patients
with impaired immune response were more likely to
develop postoperative complications after gastrointes-
tinal surgery [20, 27]. There was a bacteria hypothesis
in the mucin formation and tumor progression in PMP,
Semino-Mora et al. [28]. found that the overall bacterial
density of appendixes in PMP patients was much higher
than in healthy people. That is probably an explana-
tion to why ascites is associated with the infection risk,
because ascites could be produced partially by bacte-
ria. CRS+HIPEC often involved partial resection of the
invaded gastrointestinal tract, for which ERAS guidelines
recommend preoperative mechanical gastrointestinal
preparation with or without oral antibiotics to reduce
postoperative infection rates [29].

Postoperative infection was the main cause of increased
length of stay and perioperative mortality in patients
treated with CRS+ HIPEC, as well as increased treatment
costs for patients [8, 30]. However, no studies have shown
that postoperative infection of CRS+HIPEC was associ-
ated with long-term outcome of patients. The results of

survival analysis in this study also showed that there had
no difference on median overall survival between PMP
patients with or without postoperative infection.

This study has the following limitations: First, the types
and characteristics of microbes isolated from the infected
patients may be different in different CRS +HIPEC treat-
ment centers, so it is necessary to combine infection-
related data from multiple centers in the future to make
a summary. Second, this was a single-center retrospec-
tive case—control study with a moderate sample size, and
higher-level studies must verify the conclusions.

In conclusion, PMP patients may have increased infec-
tion risk after CRS+ HIPEC, especially CVC, abdominal-
pelvic and pulmonary infections. This study analyzed the
common infection sites and microbes in PMP patients
after CRS+HIPEC, as well as the corresponding antibi-
otics sensitivity test results, which may provide reference
for the early clinical empirical antibiotics use in patients
with such CRS + HIPEC postoperative infection.
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