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Background: Pleural effusion (PE) is one of the most common complications of advanced recurrent
ovarian cancer. However, no studies have revealed the risk factors for PE after surgery. The purpose of this
study is to observe the incidence and risk factors of PE after cytoreductive surgery (CRS) and hyperthermic
intraperitoneal chemotherapy (HIPEC) in patients with late-stage and recurrent ovarian cancer.

Methods: A retrospective analysis of 77 patients with late-stage and recurrent ovarian cancer after CRS
+ HIPEC was conducted. According to the presence of PE within 7 days after operation, two groups were
formed. The basic information, surgical process, and laboratory examinations of the two groups were
analyzed and compared to conduct a regression analysis.

Results: The incidence of postoperative PE was 57.1% (44/77 patients). Among these patients, the
prevalence of grade I-II and grade ITII-IV PE was 42.8% (33/77 patients) and 14.3% (11/77 patients),
respectively. There were statistically significant differences between the two groups in terms of preoperative
PE, the duration of surgery, intraoperative blood loss, postoperative level of albumin, intestinal involvement,
and diaphragmatic involvement. Among these, preoperative PE and diaphragmatic involvement were
identified as independent risk factors of postoperative PE.

Conclusions: Patients with late-stage and recurrent ovarian cancer invariably develop postoperative
PE after CRS + HIPEC. Preoperative PE and diaphragmatic involvement are independent risk factors of
postoperative PE. It is estimated that the incidence of postoperative PE among patients with these two
independent risk factors is approximately 100%. Hence, we should promote the prevention and treatment of

PE to improve its prognosis.
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Introduction

Cytoreductive surgery (CRS) combined with hyperthermic
intraperitoneal chemotherapy (HIPEC), which prolong the
duration of tumor-free survival and overall survival (OS), have
been shown to be effective in the treatment of late-stage and
recurrent ovarian cancer (1-3). Based on the consensus established
by Chinese gynecologic oncologists, this treatment paradigm
has been adopted by an increasing number of gynecologists.
However, despite the availability of experimental and clinical
data, there is ongoing debate regarding this combination
treatment. A number of clinical trials have been suspended owing
to the occurrence of several serious complications, hindering the
promotion and development of this therapeutic approach (4).
Physicians should focus on the prevention and treatment of
complications occurring after CRS + HIPEC to facilitate the
promotion and development of this treatment.

The recent clinical trials focusing on the complications
associated with CRS + HIPEC have only summarized the
category and prevalence of complications. In a systematic
review, Chua et al. reported that the incidence of grade III
and IV adverse events during treatment with CRS + HIPEC
in patients with late-stage and recurrent ovarian cancer was
0-40% and 0-15%, respectively. The main postoperative
adverse events include intestinal obstruction, intestinal
fistula, hemorrhage, wound infection, and pleural effusion
(PE) (5). The event of PE is one of the most common
complications (6-8); however, there have not yet been any
studies revealing the risk factors of postoperative PE.

The impact of PE can severely affect the function of the
respiratory and circulatory systems. It is most commonly
observed in surgical and medical clinical practice. Some studies
have reported that the occurrence of PE is a precursor to poor
prognosis in the practice of cardiac and liver surgery (9,10).
Thus far, the exact reasons responsible for the occurrence of
PE remain unknown. This study investigated the risk factors of
postoperative PE after CRS + HIPEC in patients with ovarian
cancer, with the aim to obtain more guidance regarding its
diagnosis and treatment, and improve prognosis.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2334).

Methods
Participants

The participants (stage III-IV or recurrent ovarian cancer)
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were retrospectively analyzed according to the International
Federation of Gynecology and Obstetrics (FIGO) staging
system from March 2014 to April 2018 in the Department
of Peritoneal Surgery and Gynecology at Shijitan Hospital
(Beijing, China). All participants underwent standard CRS
+ HIPEC and imaging examination within 7 days after
surgery (3). They were classified into two groups: PE and
non-PE.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Retrospective
analysis of data was approved by the local ethic committee.
Only data were analyzed, all participant records/
information was anonymized and de-identified prior to
analysis. Individual consent for this retrospective analysis
was waived.

Diagnosis standard

Postoperative PE was diagnosed through chest image
examination, and any detected PE was considered a positive
result. Classification of the severity of PE was based on
the Clavien-Dindo complications grading system (11).
The corresponding treatment was applied to symptomatic
participants. Albumin and/or diuretics were initially
administered, followed by thoracic puncture of participants
in whom the effect of the treatment was unsatisfactory. The
diagnosis of preoperative and postoperative PE was reached
in the same manner.

Observation indicators

The observation indicators included age, body mass index,
the pathological type of ovarian cancer, complications
(preoperative PE), surgery (i.e., duration, amount of
bleeding, involvement of the intestines, involvement of
the diaphragm), and laboratory examinations (i.e., plasma
albumin and fibrinogen levels before and after surgery).

Statistical analysis

The data were analyzed using the statistical software SPSS
version 17.0 (SPSS Inc., Chicago, IL, USA). The count data
of the clinical index for the two groups were represented by
“case” and analyzed using the chi-squared test (x’) test. The
measurement data were analyzed using the rank-sum test,
and the multivariate analysis was performed through logistic
regression analysis.
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Table 1 Participant demographics and general factors as risk factors of postoperative PE

Variable Non-PE (n=33) PE (n=44) P value
Age (years) 58.48+9.69 57.11+£9.76 0.56
Body mass index 21.91+3.87 23.06+3.39 0.26
Operation time 554.7+170.44 639.32+136.10 0.02*
Blood loss 687.88+675.35 935.23+895.83 0.02*
Preoperative fibrinogen 4.03+0.97 4.07+0.88 0.54
Postoperative fibrinogen 3.87+0.88 3.55+1.00 0.14
Preoperative albumin 38.99+5.32 37.72+4.48 0.41
Postoperative albumin 31.75+6.55 27.39+6.16 <0.01*

*, P<0.05. PE, pleural effusion.

Results
Basic information of participants

A total of 77 participants received CRS + HIPEC, including
27 cases of primary and 50 cases of recurrent ovarian
cancer. The pathological staging was serous and non-serous
carcinoma in 63 and 14 participants, respectively. The
median age was 57 years (35-75 years), and 60 participants
(77.9%) achieved satisfactory tumor cytoreduction, namely
CC,.;. Partial bowel resection and anastomosis were
performed in cases with intestinal involvement, while
partial diaphragmatic resection was performed in cases with
diaphragm involvement. During the perioperative period,
2 participants died; the deaths occurred on days 20 and 26
after surgery due to multi-organ failure and acute renal
failure, respectively.

Incidence of PE

The incidence of preoperative PE was 24% (19/77
patients), and the grading of PE was grade 1. The incidence
of postoperative PE was 57.1% (44/77 patients), including
42.8% and 14.3% with grade I-II and ITI-1V, respectively.
The 11 participants with grade III-IV PE were eventually
linked to good prognosis, and underwent thoracic drainage
(curation time: 1-15 days).

Patient demographics and general factors

The PE and non-PE groups included 44 and 33 patients,
respectively. We compared 8 risk factors between the two
groups (Table I).
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There were statistically significant differences in
operative time, intraoperative blood loss, and postoperative
level of albumin between the two groups (P<0.05).
However, there were no statistically significant differences
in age, BMI, preoperative level of albumin, and fibrinogen
before and after surgery (P>0.05).

Comparison of disease indicators among patients

Diaphragmatic involvement and preoperative PE were
significantly different between the two groups (Zable 2).

Univariate and multivariate visk factor analyses for
postoperative PE

Logistic regression was used for the multivariate analysis
using variables that were statistically significant in the
univariate analysis. Preoperative PE and diaphragmatic
involvement were statistically significant and identified as
independent factors of postoperative PE (P<0.05) (1able 3).

Risk factor analysis for postoperative PE

The incidence of postoperative PE in participants with
preoperative PE and diaphragm involvement during surgery
was 100% (Table 4). All 9 participants with these two risk
factors developed PE. A total of 8 cases had stage III-IV PE
and underwent thoracic puncture.

Discussion

Our research revealed the incidence and risk factors of
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Table 2 Comparison of disease indicators among participants

Variables Non-PE (N=33) PE (N=44) P value
Pathologic type, n (%) 0.57
High-grade serous 26 (78.8) 37 (84.1)
Others 7(21.2) 7 (15.9)
Bowel involvement, n (%) 0.14
No 13 (39.4) 10 (22.7)
Yes 20 (60.6) 34 (77.3)
Diaphragmatic involvement, n (%) 0.005*
No 29 (87.9) 25 (56.8)
Yes 4(12.1) 19 (43.2)
Preoperative pleural effusion, n (%) 0.007*
No 30 (90.9) 28 (63.6)
Yes 3(9.1) 16 (36.4)

*, P<0.05. PE, pleural effusion.

Table 3 Analysis of influencing factors of postoperative PE

Table 4 Risk factor analysis for postoperative PE

Variables Univariate OR Mul(tsia\;i;i)a(t:el)OR P value
Preoperative PE 5.7 4.7 (1.04-21.15) 0.04*
Diaphragmatic 5.5 6.0 (1.51-23.44) 0.01*
involvement

Age 1.0 0.9 (0.93-1.05) 0.64
Operating time 2.3 1.0 (0.99-1.01) 0.51
Blood loss 1.2 1.0 (0.99-1.01) 0.80
Postoperative 0.5 0.9 (0.82-1.01) 0.06
albumin

*, P<0.05. OR, odds ratio; Cl, confidence interval; PE, pleural
effusion.

postoperative PE after CRS + HIPEC in patients with late-
stage or recurrent ovarian cancer. The incidence was 57.1%,
with 42.8% and 14.3% of patients developing grade I-1I
and III-IV PE, respectively. These findings are similar to
those reported in previous studies. In a retrospective study,
Deraco et al. demonstrated that the incidence of grade III-
V complications after CRS + HIPE was 26.3%, and the
incidence of PE was 13.3% (grade III) (4). Di Giorgio
et al. analyzed 511 participants, showing that the incidence
of grade III-IV complications was 17.6% (12). The risk
factors identified in that study were CCO and the number of
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Variables OR

Non-diaphragmatic involvement and non-preoperative PE  0.41

Diaphragmatic involvement and non-preoperative PE 0.71
Non-diaphragmatic involvement and preoperative PE 0.70
Diaphragmatic involvement and preoperative PE 1.00

OR, odds ratio; PE, pleural effusion.

blood transfusions.

The clinical symptom PE is characterized by the
accumulation of pathological fluid in the pleural cavity, with
manifestation of chest tightness and dyspnea. The function
of the respiratory and circulatory systems of patients is
severely affected. Its occurrence prolongs hospital stay,
affects prognosis, and may be life-threatening to patients.
Cascales Campos et al. found that after liver surgery, the
development of PE was associated with disease recurrence
and poor prognosis (8).

We also found that preoperative PE is an independent
risk factor of postoperative PE. The prevalence of
preoperative PE was 24%. The participants were
asymptomatic, and the presence of pulmonary infection
was ruled out. The mechanism of PE was considered to
be neoplastic. It is suggested that tumor metastasis to
the pleura destroys the integrity of the pleural cavity and
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blocks the lymphatic vessels, causing the increment in the
formation of pleural fluid and reduction of reabsorption (13).
Mironov et al. found that patients with late-stage ovarian
cancer and positive for PE identified through preoperative
computed tomography are linked to poor prognosis (14). In
the process of hyperthermic perfusion chemotherapy, the
imbalanced function of the pleura is further impaired by the
influence of the perfusion pressure and reabsorption of the
perfusate, causing an increase in the volume of PE (15).

Another independent risk factor of postoperative
PE is partial diaphragmatic resection as the result of
diaphragmatic involvement. The CRS + HIPEC treatment
involves multiple organ resections, including bowel
resection which may lead to the formation of an intestinal
fistula. However, contrary to previous speculation, bowel
resection, duration of operation, and the amount of bleeding
are not related to postoperative PE. The observed increase
in the incidence of PE with diaphragmatic involvement
may be attributed to the dependency of the filtration
and reabsorption of pleural fluid on the integrity of the
pleural cavity. Moreover, the main sites of reabsorption of
pleural fluid are the lower thoracic mediastinum pleura and
septum, which would be destroyed following diaphragmatic
resection (16), thus reducing the speed of reabsorption of
fluids and causing PE. Moreover, inflammation owing to
surgical stimulation also increases the amount of pleural
fluids (17). Ashikhmina ez /. concluded that in cardiac
surgery, the surgical approach is related to the presence
of PE (10). Fanfani er 4/. found that complications of PE
increased after surgical resection of subdiaphragmatic
lesions in the upper abdomen (18).

The level of plasma albumin in patients with
postoperative PE was lower than that measured in the
group of non-postoperative PE (P<0.01); however, the
difference in the multivariate analysis was not statistically
significant. It is established that hypoproteinemia may result
in PE by reducing plasma colloid osmotic pressure and
allowing a large amount of intravascular fluid to penetrate
into the interstitial space. After CRS + HIPEC, patients
are more prone to developing hypoproteinemia due to the
following factors: (I) increase in blood loss: long duration of
surgery is associated with bleeding and loss of protein, and
the amount of undetected blood loss can reach 100 mL per
operation hour (18); (II) reduced production: patients with
intestinal resection, ostomy, and accretion lysis are required
to fast for 1 week after the operation, which means reduced
absorption of protein; (III) increase in demand: the patients
are under stress following surgery, their basal metabolism is
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significantly increased and the energy demand for recovery
also increases; and (IV) in some cases with postoperative
abdominal cavity infection, endotoxins stimulate Kupffer
cells to release tumor necrosis factor, interleukin (IL)-1, and
IL-6, which inhibit the expression of albumin mRNA in liver
cells. Hypoproteinemia eventually develops as the result of
poor response to exogenous nutrient substrates (19). Thus,
we hypothesized that increasing levels of plasma albumin
after surgery may prevent the occurrence of PE.

The limitations of the study are the following: (I) this
was not a randomized controlled trial; and (II) we did not
perform stratification according to the amount of pleural
fluid. Further studies are warranted to investigate whether
the PE is dependent on CRS or CRS + HIPEC.

Conclusions

In summary, patients with late-stage and recurrent ovarian
cancer are prone to developing postoperative PE after
CRS + HIPEC. Preoperative PE and intraoperative
diaphragmatic involvement are considered independent
risk factors of postoperative PE. The incidence of PE after
operation can be 100%, with most cases being grade III-IV.
Physicians should be aware of patients with these two risk
factors and take appropriate measures for the prevention
and treatment of postoperative PE.
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