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Abstract

Introduction In patients with peritoneal carcinomatosis (PC), the incidence of respiratory complications following cytoreduc-
tive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) is not well established. We aimed to describe
the center-specific incidence and patient characteristics associated with respiratory complications following CRS and HIPEC
in patients receiving treatment for PC.

Materials and methods We used the University Hospital of Arrixaca study database to identify patients who underwent CRS
and HIPEC for PC. Patients who experienced a post-operative respiratory complication were categorized according to the
National Cancer Institute-Common Terminology Criteria for Adverse Events. Multivariable regression methods were used
to identify independent risk factors for developing a respiratory complication following CRS and HIPEC.

Results Between 2008 and 2017, we identified 247 patients who underwent CRS and HIPEC for PC. A total of eight patients
(3.2%) were categorized as having a post-operative respiratory complication. A diaphragmatic peritonectomy and a PC
index of > 14 were identified as independent risk factors for developing a respiratory complication. Radiographic evidence
of a pleural effusion was identified in 72 patients who had CRS of the diaphragmatic peritoneum; however, only 6 (8.3%) of
these patients required pleural drainage.

Conclusions Only 3.2% of patients developed a symptomatic respiratory complication following CRS and HIPEC. A pleural
effusion was identified in almost all patients requiring a diaphragmatic peritonectomy as part of their CRS; however, less
than one in ten of these patients required pleural drainage. Prophylactic insertion of a pleural drainage tube is, therefore, not
indicated following CRS and HIPEC.
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HIPEC Hyperthermic intraperitoneal
chemotherapy

INR International normalized ratio

ITU Intensive care unit

NCI-CTCAE National Cancer Institute-Common Termi-
nology Criteria for Adverse Events

OR Odds ratio

PC Peritoneal carcinomatosis

PCI Peritoneal carcinomatosis index

SD Standard deviation

Introduction

Peritoneal carcinomatosis (PC) is an advanced form of can-
cer found in the peritoneal cavity [1]. It is most often caused
by malignant spread from a primary tumor in the appen-
dix, bowel, rectum or ovaries and has been associated with
median survival rates of 6 months or less [1]. However, over
the last 2 decades, cytoreductive surgery (CRS) followed
by hyperthermic intraperitoneal chemotherapy (HIPEC) has
been developed as a curative treatment for patients with PC
[2].

The aim of CRS is to remove the maximum amount of
macroscopic tumor cells through both the surgical exci-
sion of the peritoneum (peritonectomy), and the resection
of involved but non-essential abdominal organs [3, 4]. Fol-
lowing CRS, but still at the time of surgery, the abdominal
cavity is flushed with a heated chemotherapeutic agent [2].
This method permits the local absorption of a highly con-
centrated cytotoxic agent into superficial cell layers, helping
to maximize its therapeutic effect and minimize its systemic
side effects—a procedure known as HIPEC [2, 4].

Combined, CRS and HIPEC have proven to provide a
survival benefit in patients who have developed PC follow-
ing a primary colorectal or ovarian cancer [4]. In general,
the 30-day mortality is reported between zero and five per-
cent and the procedure is well-tolerated in carefully selected
patients [5]. Major post-operative complications following
CRS and HIPEC are reported to occur in 15-40% of patients
[S].

The most commonly identified post-operative complica-
tion is paralytic ileus [6]. Rarer complications are less well
described. For example, the incidence, predisposing factors
and management of respiratory complications following
CRS and HIPEC are poorly described. In particular, there
is widespread debate as to how often patients experience
symptomatic post-operative pleural effusion and how often
they need subsequent pleural drainage [7].

In this study, we aim to address this gap in the literature
by partitioning our analysis into two sections. In the first part
of the analysis, we use the University Hospital of Arrixaca
study database from 2008 to 2017 to identify the incidence

of respiratory complications in patients with PC who have
undergone CRS and HIPEC. We then categorize the respira-
tory complications according to version 4.0 of the National
Cancer Institute Common Terminology Criteria for Adverse
Events (NCI-CTCAE) [8] and, in a separate step, identify all
patients who experience a post-operative pleural effusion. In
the second part of the analysis, we build univariate and mul-
tivariable logistic regression models and identify the patient
factors associated with developing respiratory complications
following CRS and HIPEC.

Materials and methods
Study population

A retrospective analysis was performed of all patients who
underwent CRS and HIPEC at the University Hospital of
Arrixaca between 1st January 2007 and st January 2017.

Included in this study were patients between ages 18 and
80, who underwent surgery for PC. All patients had to have
a histologically confirmed PC secondary to the following
primary malignancies: ovarian carcinoma or platinum-sen-
sitive recurrences (recurrence of active oncological disease
in patients who have achieved a documented response to
initial platinum-based treatment), colorectal cancer and
gastric cancer. Patients with PC secondary to other less fre-
quent primary malignancies were also considered and these
included non-ovarian gynecological tumors, peritoneal
sarcomatosis, peritoneal pseudomyxoma or malignant peri-
toneal mesothelioma. To be considered for the procedure,
patients also had to have an adequate baseline functional
status [Eastern Cooperative Oncology score (ECOG) 0-1]
[9] and an absence of serious comorbidities, including car-
diopathy or severe valvulopathy, coagulopathy and renal or
hepatic dysfunction.

Patients were excluded from the study in the presence
of (a) extraperitoneal disease at the time of evaluation,
(b) a platelet count that could not be improved (with fig-
ures < 80,000 platelets/m3), (c) the presence of heart, kidney
or respiratory failure, and (d) an International Normalized
Ratio (INR) of 1.5 of above.

University Hospital of Arrixaca CRS and HIPEC study
database

Data from paper and electronic medical records for all
patients included in our study were retrospectively entered
into a study-specific database. Variables included informa-
tion on demographic, clinical and operative characteristics.
Specific operative variables in the database included infor-
mation on the requirement of diaphragmatic peritonectomy,
supramesocolic surgery or splenectomy, the total operative
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time and the peritoneal carcinomatosis index (PCI, a score
that is used to assess the extent of peritoneal cancer in the
peritoneal cavity) [10, 11].

Data referring to post-operative morbidity and mortality
were collected prospectively. The end-point of follow-up was
Ist January 2017. We categorized patients as having a post-
operative respiratory complication; if according to version
4.0 of NCI-CTCAE, they qualified as having a grade II-V
adverse event [8].

Grading of respiratory complications using
the NCI-CTCAE

The NCI-CTCAE are a set of criteria developed by the US
National Cancer Institute that standardize the classification
of adverse effects following the administration of drugs used
in cancer therapy [8]. The NCI-CTCAE use a five-point
scale (grade I-V) to grade the severity of post-procedural
adverse events [8]. As an assessment tool, it can be adapted
to specific conditions and symptoms and has been widely
validated in the available literature [4, 7, 12].

In our study, and in accordance with the NCI-CTCAE,
respiratory complications in which the required treatment
was clinical observation only (grade I) were considered
minor and not included in the final analysis. Symptomatic
respiratory complications requiring only minimal medical
intervention (grade II) were graded as moderate. Complica-
tions requiring ultrasound or computed tomography-guided
percutaneous drainage, either through the placement of a
pleural drainage tube or therapeutic endoscopy, were consid-
ered severe (grade III). Life-threatening respiratory compli-
cations requiring repeat surgical intervention or the admis-
sion to the intensive care unit (ICU) were graded IV. Deaths
related to respiratory complications were graded V [8] (see
Online Appendix Table S1).

Pleural effusion

Post-operative pleural effusion in patients undergoing CRS
and HIPEC was diagnosed using chest radiographs. Accord-
ing to the NCI-CTCAE, a pleural effusion was only catego-
rized as a respiratory complication if medical intervention
(grade II) or the placement of a pleural drainage tube (grade
IIT) was considered clinically indicated (voluminous pleural
effusion and accompanying respiratory symptoms) or if the
patient required intubation and intensive care monitoring
(grade IV) or died as a direct result of the pleural effusion
(grade V) [8].

Statistical analysis

In the first part of the analysis, demographic, clinical and
operative characteristics were described for all patients,
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and stratified according to the presence of respiratory com-
plication (NCI-CTCAE grades II-V). In a separate step,
all patients with radiographic evidence of a pleural effu-
sion were identified and categorized according to the NCI-
CTCAE. Continuous data were presented as means with
standard deviations (SD) and compared using the Student’s
t test. Categorical variables were described as frequencies
and percentages and compared using the Chi-square test.

In the second part of the analysis, a univariate model was
built to compare the patient’s characteristics between those
who categorized as having a grade II-V post-operative res-
piratory complication and those who were not. In this model,
the magnitude of the association between the categorical
variables and the development of a respiratory complication
was established by calculating the relative risk, and between
continuous variables using the Pearson correlation coeffi-
cient. To determine the independent patient characteristics
associated with post-operative respiratory complications, a
multivariable logistic regression was used to estimate odds
ratios (OR) adjusted for the potential correlation between all
risk factors found to be statistically significant in the univari-
ate analysis.

All analyses were conducted with the statistical program
SPSS v. 22.0 (Chicago, Illinois, USA).

Results
Description of the study cohort

From January 1st, 2008, to January 1st, 2017, 282 patients
with PC who underwent CRS and HIPEC procedures at the
University Hospital of Arrixaca were identified. Of these, 35
patients had, at the time of laparotomy, unresectable disease
and were excluded from the study (Fig. 1). A total of 247
patients were included in our final analysis.

The median age of the study cohort was 58 years (range
27-179 years). Primary surgery was performed on 47 patients
(19.0%), surgery after preoperative chemotherapy (interval
surgery) on 100 patients (40.5%), rescue surgery after initial
suboptimal surgery on 32 patients (13.0%) and surgery due
to recurrence after a disease-free period on the remaining
68 patients (27.5%). The median PCI was 10 (range 1-32).
In 216 patients (87.4%), surgery was considered CC-0 (no
macroscopic tumor residue at the end of surgery) and in the
remaining 31 (12.6%) patients, CC-1 (tumor residue less
than 2.5 mm). Of the 247 patients, 110 patients (44.5%)
required surgery on the supramesocolic compartment. A
diaphragmatic peritonectomy was performed on a total of
73 patients (29.6%).

On anesthetic assessment, 176 patients (71.3%)
were graded as either ASA (American Society of
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University Hospital

Arrixaca (2008-2017)
282 patients received
CRS and HIPEC for PC

35 patients excluded
> from analysis for
unresectable disease.

247 patients eligible
for inclusion in study

analysis
Respiratory Pleural effusions
Complications (n=72)
according to NCI- Symptomatic pleural
CTCAE (n=8) effusion according to
Gradell =1 NCI-CTCAE n=6
Grade lll=6 eGradelll=5
GradelV=1 eGrade V=1

Fig. 1 Flowchart detailing selection of study population and results of
analysis in patients undergoing cytoreductive surgery and HIPEC for
peritoneal carcinomatosis (1997-2016)

Anesthesiologists physical grading system) I or II, and the
remaining 71 patients (28.7%) classified as ASA III.

Respiratory complications

According to the NCI-CTCAE, a total of eight patients
(3.2%) qualified as having a respiratory complication fol-
lowing CRS and HIPEC (Table 1). Of these, one patient
had a grade II complication, six patients had grade III com-
plications and one patient had a grade IV complication. No
patient was found to have a grade V post-operative respira-
tory complication. All eight patients were female.

In the univariate analysis (Table 2), the factors asso-
ciated with grade II-IV respiratory complications were
diaphragmatic peritonectomy (p =0.001), the need for
intraoperative platelet transfusion (p <0.001), PCI> 14
(p=0.03), surgery in the supramesocolic compartment
(p=0.01), surgery lasting over 300 min (p =0.02) and
omentectomy (p =0.04). In the multivariate analysis, we
found that diaphragmatic peritonectomy (O.R. 1.9; 95%

8)

Table 1 Characteristics of patients who developed respiratory complications following CRS and HIPEC for PC (n

HIPEC ASA grade

CTCAE Diaphragmatic Degree of

Type of CRS Respiratory complication

Case no. Gender Age (years) Primary tumor PCI

4.0 grade peritonectomy cytoreduc-

tion

1I
I
1I
1I
1I
1I

Ce-1 Yes

Bilateral

No

it
11

Pleural effusion

Primary

22
6

Ovary

e 42
e 71
e 66
e 66
e 49
e 50
e 54

Yes

Cc-0

Respiratory distress + wound hematoma

R
P
P
P

Recurrence

Ovary

No

Cc-0

Left

111
it
111
111

eural effusion + respiratory distress + septic shock IV

ght pneumothorax + intra-abdominal abscess

Unknown Primary

10
16
23

Mesothelioma 32

Colon

Yes

Cc-0

Right
Right
Right

eural effusion

Yes

Cc-0

eural effusion

Yes

Cc-0

eural effusion

I
1II

Ce-1 Yes

Bilateral
Right

Primary

Ovary

Recurrence

Ovary

Recurrence

Appendix

Fema

Fema

Fema

Fema

Fema

Fema

Fema

Yes

Cc-0

1

Pleural effusion

Primary

16

Ovary

Female 61
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Table 2 Univariate risk factors
for developing respiratory
complications following CRS
and HIPEC in patients with PC
(n=247)

@ Springer

Respiratory complications

No (n=239) Yes (n=28) P value
Age (years) 58.03+11.78 55.43+9.19 0.9
Gender
Male 16 (6.7%) 0 (0.0%) 0.6
Female 223 (93.3%) 8 (100%)
Surgical indication
Primary surgery 45 (18.8%) 2 (25.0%) 0.09
Interval surgery 97 (40.6%) 3(37.5%)
Rescue surgery 29 (12.1%) 3(37.5%)
Surgery for recurrence 68 (28.5%) 0(0.0%)
Previous chemotherapy
No 70 (29.3%) 3 (37.5%) 0.6
Yes 169 (70.7%) 5(62.5%)
Peritoneal carcinomatosis index (PCI)
<14 164 (68.7%) 3(37.5%) 0.03
> 14 75 (31.3%) 5(62.5%)
Bowel anastomosis
No 149 (62.3%) 3(37.5%) 0.16
Yes 90 (37.7%) 5(62.5%)
Supramesocolic intervention
No 136 (56.9%) 1 (12.5%) 0.01
Yes 103 (43.1%) 7 (87.5%)
Diaphragmatic peritonectomy
No 173 (72.4%) 1 (12.5%) 0.001
Yes 66 (27.6%) 7 (87.5%)
Large bowel resection
No 152 (63.6%) 4 (50%) 0.31
Yes 87 (36.4%) 4 (50%)
Lymphadenectomy
No 188 (78.7%) 7 (87.5%) 0.58
Yes 51 (21.3%) 1 (12.5%)
Intraoperative blood transfusion
No 154 (64.4%) 3(37.5%) 0.11
Yes 85 (35.6%) 5(62.5%)
Intraoperative platelet transfusion
No 234 (97.9%) 6 (75.0%) < 0.001
Yes 52.1%) 2 (25.0%)
Degree of cytorreduction
Cc-0 210 (87.9%) 6 (75.0%) 0.71
Ce-1 29 (12.1%) 2 (25.0%)
Operating time
<300 min 152 (63.6%) 2 (25.0%) 0.02
> 300 min 87 (36.4%) 6 (75.0%)
Era of operation
2008-2012 159 (66.5%) 7 (87.5%) 0.21
2013-2017 80 (33.5%) 1 (12.5%)
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Table 2 (continued) Respiratory complications
No (n=239) Yes (n=28) P value
Omentectomy
No 61 (25.5%) 0 (0.0%) 0.04
Keeping the main vascular supply 13 (5.5%) 2 (25.0%)
Resecting the main vascular supply 159 (66.5%) 5(62.5%)
Mayor and minor 6 (2.5%) 1(12.5)
Splenectomy
No 205 (85.8%) 5(62.5%) 0.05
Yes 34 (14.2%) 3(37.5%)

CI 1.00-3.64, p=0.049) and the PCI > 14 (OR 3.4%; 95%
CI 1.7-6.7; p<0.001) were the only independent patient
characteristics identified to be associated with developing
a post-operative respiratory complication.

Pleural effusion

Radiographic evidence of a pleural effusion was found on
72 of the 73 patients on whom a diaphragmatic peritonec-
tomy was performed as part of their CRS. Of these 72
patients, six (8.3%) had a voluminous symptomatic pleu-
ral effusion that required pleural drainage (Table 1). Five
of these patients were categorized as having a grade III
complication. The other patient who underwent pleural
drainage developed respiratory distress in the immediate
post-operative period that prevented extubation (and inten-
sive care monitoring) until the 8th post-operative day and
was categorized as having a grade IV complication.

Discussion
Main findings

According to the NCI-CTCAE criteria, the incidence in
our institution of a grade II-V respiratory complication
following CRS and HIPEC is 3.2% (8 patients). Follow-
ing multivariable logistic regression, the only independent
risk factors associated with the development of respira-
tory complications were a PCI > 14 and the requirement
of a diaphragmatic peritonectomy. Almost all patients
who required a peritonectomy of the diaphragm developed
radiographic evidence of a pleural effusion; however, only
8.3% (six patients) of these patients met the NCI-CTCAE
criteria for having a graded respiratory complication. In
each of these cases, pleural drainage was required to alle-
viate symptoms.

Methodological limitations

In identifying the incidence of respiratory complications,
we have updated the existing literature on the post-opera-
tive morbidity following CRS and HIPEC for PC. Based
on our large case series, we are confident that our results,
according to the NCI-CTCAE, reflect the true incidence of
post-operative respiratory complications; however, we must
acknowledge that they remain specific to the population of
PC patients which our surgical unit serves. To improve the
generalizability of our findings we would need nationwide
morbidity data on all patients undergoing CRS and HIPEC
and unfortunately, no national database containing this infor-
mation currently exists. Instead, our incidence figures can
still be used to inform clinicians and counsel PC patients
prior to CRS and HIPEC but when doing so the limitations
of applying the results to different patient populations must
be acknowledged.

We must also recognize the limitations in our statisti-
cal modeling. With only eight patients found to have a res-
piratory complication, there is limited statistical power to
detect differences in potential risk factors between those who
developed a respiratory complication and those who did not.
It is, therefore, probable that other independent risk factors
for developing a respiratory complication following CRS
and HIPEC exist.

Explanation of results
Respiratory complications

Respiratory complications following major surgery are a rec-
ognized phenomenon and encapsulate a myriad of patholo-
gies that are often related [13]. These include atelectasis,
pneumonia, pulmonary embolism (PE) and symptomatic
pleural effusion [14]. In broad terms, general anesthesia
and major abdominal surgery have long been attributed as
the main causes of post-operative respiratory complications
[12-16]. More specifically, reduced lung capacity induced
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by prolonged anesthesia leads to atelectasis from which
more severe pneumonic pathology can develop [17].

In our analysis, the two main risk factors associated with
the development of a post-operative respiratory complica-
tions were the requirement of a diaphragmatic peritonec-
tomy and a PCI > 14. The peritoneum of the diaphragm is
found adjacent to the pleura of the lungs; therefore, its ana-
tomic location best explains why following extensive dis-
section—including the partial or complete removal of the
diaphragmatic peritoneum (or in some cases an entire por-
tion of the diaphragm)—a diaphragmatic peritonectomy is a
risk factor for developing a post-operative respiratory com-
plication [17, 18]. Similarly, a higher PCI equates to more
extensive disease and thus the potential for more extensive
surgical dissection, including dissection of the diaphragm.

All eight patients found to have a respiratory complica-
tion in our study were female. Five out of eight of these
patients’ primary source of malignancy was ovarian and it
is already known that PC most often metastasizes from ovar-
ian cancer thus helping to explain female sex as a proxy
risk factor [1]. The predisposition of all the other primary
malignancies identified in our patients—cancers of the colon
and appendix and mesothelioma—yvaries between male and
female [5]; however, with only three patients in total it is
likely the role of chance best explains why these remaining
patients were all female.

Pleural effusion

The development of a post-operative pleural effusion is
particularly common following diaphragmatic peritonec-
tomy [18] and in almost all patients undergoing this surgi-
cal maneuver effusion an was noted on post-operative chest
radiograph. However, according to the NCI-CTCAE, less
than 10% of patients with pleural effusion qualified as having
a respiratory complication.

The mobilization of the liver, required during diaphrag-
matic peritonectomy, can contribute to the development of
pleural effusion whilst iatrogenic microscopic defects of the
diaphragm, often not identified during surgery, can increase
the passage of fluid to the thoracic cavity during the HIPEC
treatment and lead to fluid collecting in the pleural cavity.
Post-operative pleural effusion will almost be inevitable in
a majority of patients requiring diaphragmatic peritonec-
tomy as part of their CRS and especially so for patients with
advanced ovarian cancer where the diaphragm is frequently
affected by metastatic spread [7, 19].

How you treat the pleural effusion is, therefore, an
important component in the post-operative management of
patients undergoing diaphragmatic peritonectomy. Some
clinicians advocate the prophylactic use of pleural drain-
age following cytoreduction of the diaphragm and argue
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that since the presence of pleural effusion is universal, the
insertion of a chest tube leads to an improvement in post-
operative respiratory parameters in all patients undergoing
diaphragmatic peritonectomy [6, 7].

However, pleural tubes are not without their complica-
tions including infection, pain, intrapleural bleeding and
hemothoraces, and on occasion damage to other viscera.
Although our series did identify the almost universal
occurrence of pleural effusion following diaphragmatic
CRS, only eight patients were categorized as having a
symptomatic respiratory complication and only six of
these patients required pleural drainage. Based on our own
results, we, therefore, do not advocate the routine use of
pleural tubes in patients undergoing diaphragmatic peri-
tonectomy as part of their CRS.

We did find the learning curve proved to be a strong
ally in our management of post-CRS and HIPEC-induced
pleural effusions. From 166 patients operated on between
2008 and 2012, 5 patients (3.0%) required pleural drainage
following diaphragmatic peritonectomy as opposed to 1
patient from 81 cases (1.2%) between 2013 and 2017. In
this second half of our surgical series, we adapted our sur-
gical protocol by applying cold physiological saline during
the diaphragmatic peritonectomy.

Conclusion

According to the NCI-CTCAE, less than 5% of all patients
with PC who undergo CRS and HIPEC go onto develop
symptomatic respiratory complications in the post-opera-
tive period. In our study, patients requiring diaphragmatic
peritonectomy as part of their CRS almost universally
develop post-operative pleural effusion; however, less than
10% of these require pleural drainage to alleviate their res-
piratory symptoms. We, therefore, do not advocate the rou-
tine and prophylactic use of pleural tubes in any patients
undergoing CRS and HIPEC for PC.
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