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1. Background

Epithelial ovarian cancer (EOC) is the most lethal malignancy in
Western countries. Most patients present with advanced disease and
synchronous peritoneal metastases (PM), with poor prognosis (Pavlov
et al., 2009). The optimal management for patients with newly diag-
nosed, primary stage III EOC, is a combination of systemic chemo-
therapy with interval cytoreductive surgery (CRS) and hyperthermic
intraperitoneal chemotherapy (HIPEC) (Auer et al., 2020). Hyperther-
mic intrathoracic chemotherapy (HITHOC), a palliative targeted surgi-
cal therapy for patients with malignant pleural effusion, has also been
reported, with acceptable morbidity and overall survival benefit (Zhou
et al., 2017; Dattatri et al., 2019). A combination of HIPEC and HITHOC,
hyperthermic intraoperative thoracoabdominal chemotherapy (HITAC),
has been described recently for concomitant peritoneal and pleural
disease, but only in patients with pseudomyxoma peritonei and perito-
neal mesothelioma. It is associated with high morbidity, but acceptable
survival and low intrathoracic recurrence (Sugarbaker et al., 2012). We
herein present the case of a 48-year-old patient with stage IVB EOC, who
presented with PM and refractory unilateral pleural effusion, who suc-
cessfully underwent surgical management with CRS and HITAC.

2. Case presentation

This is the case of a 48-year-old woman who presented with rapidly
progressive shortness of breath due to a right pleural effusion of un-
known origin. Her medical record was remarkable for well-controlled
asthma and previous vaginal hysterectomy for pelvic prolapse.
Computed tomography imaging (CT) revealed an important right
pleural effusion suspicious of malignancy, but without macroscopic
disease, with bilateral complex adnexal masses and PM, including
visible implants on diaphragmatic domes, small bowel mesentery and
omentum (Fig. 1). A subsequent positron-emission tomography-CT was
also positive for enlarged mediastinal lymph nodes. CA-125 level was
7241U/mL. The diagnosis of EOC was confirmed at pleural cytology.
The patient was subsequently given 3 cycles of neoadjuvant chemo-
therapy (NACT) combining paclitaxel and carboplatin (TC), during
which she required several thoracenteses for symptoms relief. Follow-up
imaging reported response to treatment, with complete regression of the
hypermetabolic supra-diaphragmatic lymph nodes and partial regres-
sion of the right pleural effusion with persistent pleural thickening, but
without visible implants. Intraabdominal response was also reported,
with a decrease in size of the adnexal and mesenteric implants. CA-125
level decreased to 140IU/mL. The case was discussed at
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multidisciplinary tumor board. It was decided to proceed with surgical
management if a complete peritoneal CRS was feasible, but to perform
video assisted thoracoscopic surgery (VATS) first to assess the presence
of pleural disease. Subsequent HITAC would be performed if
microscopic-only disease was found and full-thickness diaphragmatic
resection was required, as pleural CRS for macroscopic disease was
judged unreasonable. HIPEC only would be performed if VATS was
negative. Signed informed consent was obtained from the patient, who
understood the experimental nature of this procedure.

The patient was brought to the operating room one week later. A
right-sided VATS was performed first, which revealed diffuse pachy-
pleuritis compatible with sequelae of miliary pleural implants on the
inferior parietal pleura. The visceral pleura was macroscopically
normal. Frozen sections of the inferior parietal pleura were positive for
microfoci of malignant cells. An exploratory laparotomy was performed
after. The peritoneal cancer index (PCI), a tool used to assess the extent
of PM throughout the peritoneal cavity, was 24, with extensive disease
on the parietal peritoneum and in the pelvis, but spared colon and small
bowel. A completeness of cytoreduction (CC) score of 1 (remnant tumor
of less than 0.25 cm) was deemed feasible, with acceptable surgical risks
and morbidity. In the absence of macroscopic disease on the pleura, it
was decided to proceed with CRS of the abdominal compartment with
HITAC. The CRS included a posterior exenteration (bilateral salpingo-
oophorectomy, partial vaginal resection, low anterior resection and
complete pelvic peritonectomy), selective parietal peritonectomies,
bilateral diaphragmatic dome peritonectomies, appendectomy, chole-
cystectomy, supramesocolic omentectomy, electro-evaporation of small
bowel mesenteric implants, as well as selective pelvic and para-aortic
lymphadenectomy. An 8 cm implant on the right diaphragmatic dome
required a full-thickness resection, which was not immediately repaired
(Fig. 2). A closed-technique HITAC was then performed. The inflow tube
was placed in the pelvis, and the outflow tube was inserted through the
right pleural cavity (Fig. 3). Temperature probes were placed at the four
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Fig. 2. Right diaphragmatic dome deficit of 8 x 10 cm following cytoreductive
surgery, left open to allow chemotherapy circulation during hyperthermic
intraoperative thoracoabdominal chemotherapy.

quadrants of the abdomen. Carboplatin (AUC 10) in normal saline so-
lution, with a perfusion volume of 2L/m? at a target temperature of
42°C for 90 min, was introduced, with maintained ipsilateral lung
ventilation. After completion of HITAC, a non-progressive, 15 cm sub-
capsular liver hematoma was observed and managed with liver packing.
The right diaphragmatic dome defect was closed primarily. Total length
of the surgery was 12h and estimated blood loss was 1150 mL. The
patient remained in the intensive care unit for 8 days following surgery

Fig. 1. Computed tomography (CT) imaging at initial presentation (A) Significant right pleural effusion. (B) Peritoneal metastases on the right diaphragmatic dome
(arrow). (C) Complex right ovarian mass (arrow). (D) Peritoneal metastases on the omentum (arrow).
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Fig. 3. Intraoperative pictures of hyperthermic intraoperative thoracoabdominal chemotherapy tube placement. (A) Outflow tube with a fashioned “Y” ending at the
right upper quadrant, throughout the diaphragmatic defect. (B) Closed technique overview, with the inflow tube and temperature probes in the abdomen, and

outflow tube in the pleural space.

due to prolonged intubation and tracheal edema. She also received
empiric intravenous antibiotics for five days due to fever of unknown
origin. Physiotherapy for postoperative deconditioning was required.
The patient was able to be discharged home on post-operative day 22.

The final pathology report confirmed high-grade serous EOC. The
patient was subsequently given 3 cycles of adjuvant TC. Follow-up im-
aging 6 months after surgery revealed an infra-centimetric nodule at the
left pulmonary apex, along with bilateral pleural thickening and no sign
of abdominal recurrence. A mild pleural effusion was still observed on
the right side, along with a moderate pleural effusion on the left side.
However, the patient did not complain of pulmonary symptoms
anymore. CA-125 remained stable at 137 IU/mL.

3. Summary and conclusion

This case illustrates the challenges related to the treatment of pa-
tients with advanced EOC and pleural disease. Despite being the most
common metastatic site of stage IV EOC, the accuracy rate of pleural
cytology for suspicious effusions remains low and management can be
complex (Escayola et al., 2015). In this case, the patient was initially
given NACT, since stage IVB patients benefit from it and response to
treatment is a good prognostic factor (Tajik et al., 2018). However,
despite good response to treatment outside of the pleural space, the
patient remained symptomatic because of a refractory pleural effusion.
Since the patient was young and motivated, with proven platin-
sensitivity, surgical management options were explored.

The administration of HITHOC has been described in recent litera-
ture as a targeted palliative therapy for patients with refractory primary
and secondary pleural metastases, and is usually combined with CRS of
the pleural compartment. Pharmacokinetic studies on HITHOC cohorts
report that high concentrations of intrapleural drugs may be achieved
using this technique, with tissue penetration up to 4 mm (Zhou et al.,
2017). However, in a recent study by Sugarbaker et al. (Sugarbaker
et al., 2012) comparing the systemic absorption rates of mitomycin C
with HIPEC, HITHOC and HITAC, the absorption rate of HITHOC was
significantly lower after 90 min (41%), while HIPEC (75%) and HITAC
(67%) rates were comparable. The same study reported similar data
with doxorubicin regimens. In this case, the patient presented with
microscopic-only disease on the parietal pleura, which was responsible
for the refractory pleural effusion. Without visible disease in the pleural
space on preoperative imaging, but with macroscopic infiltration of the
right diaphragmatic dome, it was believed to be secondary to full-
thickness diaphragmatic involvement with PM rather than pleural

carcinomatosis. This suspicion was confirmed at VATS, where no disease
was found on the visceral and parietal pleura, except on the diaphragm.
HITAC seemed to be the best option, with good systemic absorption and
optimal lavage of the abdominal compartment, while addressing the
pleural space. Without the need for full-thickness diaphragmatic resec-
tion, HITAC would not have been performed.

The administration of HITAC is associated with additional challenges
compared to HIPEC, especially for the anesthesia team. Blood loss, fluid
shifts and temperature extremes may be more difficult to manage (Sol-
anki et al., 2019). Nephrotoxicity can also be an issue (Dattatri et al.,
2019). Carboplatin HIPEC has been demonstrated to be safe and effec-
tive in the treatment of EOC (Mikkelsen et al., 2019) and was our agent
of choice, as it reduces this risk compared to other agents such as
cisplatin (Colombo et al., 2016). Otherwise, few adjustments were made
to the institution’s HIPEC protocol in order to perform HITAC.
Regarding chemotherapy dose, Sugarbaker et al. (2012) demonstrated
that adjustments are not necessary with HITAC. It was also decided to
use the same volume of perfusion than for HIPEC, but to maintain
ipsilateral lung ventilation in order to induce an intermittent negative-
pressure and enhance circulation of chemotherapy through the pleural
compartment. The outflow tube was positioned in the pleural space, but
close to the diaphragmatic defect, as the diaphragmatic pleura was the
main region to cover with chemotherapy outside the abdomen. It also
allowed to avoid circulation problems and retained chemotherapy inside
the thorax.

This case was approached with a curative intent despite being stage
IVB initially. Although the patient did experience early recurrence at the
thoracic level, we believe that this procedure was justified, as she is now
disease-free in the abdomen and oligometastatic in the thorax. Also,
because of the recurrent right pleural effusion and persistence of disease
at this level, we think that the patient would not have tolerated pallia-
tive chemotherapy for long without the procedure.

In conclusion, although this is the first case reporting such an
approach for this etiology, CRS with HITAC seems to be a reasonable and
feasible option in fit patients for short-term control of advanced EOC and
full-thickness diaphragmatic infiltration with pleural effusion.
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