
Abstract. Background/Aim: Pseudomyxoma peritonei (PMP)
is a rare disease characterized by mucinous ascites and
widespread peritoneal implants. It usually originates from the
rupture of an adenoma/adenocarcinoma of the appendix.
Although this tumor is only superficially invasive and does not
metastasize, it could be a fatal disease. Extra-abdominal
spread of PMP is an unusual occurrence with few reports in
medical literature. Case Report: A 50-year-old man was
diagnosed with PMP according to the findings of thorax and
abdomen CT scan and cytologic and histological examinations.
The radiological exam showed irregular thickening on the
surface of left diaphragmatic and parietal pleura. Results:
First, cytoreductive surgery associated with hyperthermic
intraperitoneal chemotherapy (HIPEC) for the abdominal
disease was performed. Histopathological examination
confirmed the diagnosis of low grade PMP. The radiological
evaluation performed 5 months later showed a dimensional
increase in pleural nodules. The treatment consisted of an
extensive intrathoracic cytoreductive surgery in combination
with pressurized intra-thoracic aerosol chemotherapy (PITAC).
Postoperative course was uneventful. Conclusion: PMP with
pleural extension is a rare phenomenon and carries an
unfavourable prognosis. Due to the rarity of this presentation,
its correct treatment is still unclear. We present a therapeutic
approach to be applied in selected patients. 

Pseudomyxoma peritonei (PMP) is a rare disease that affects
around two people of all ages per million each year, both men

and women. It’s characterised by big amount of mucinous
ascites and low and progressive accumulations of implants on
the peritoneal surfaces. PMP usually originates from a
mucinous appendiceal tumor; more rarely, it can start in other
parts of the body such as the bowel, an ovary or the bladder. 
PMP symptoms usually take a while to appear and vary

widely among patients; the most common are abdominal
swelling or an increase in abdominal girth, changes in bowel
habit, general fatigue and new-onset hernia. 
Pleural extension from PMP is unusual and seems to be

related to congenital pleuroperitoneal communication,
diaphragmatic perforation during surgery, transdiaphragmatic
spreading through lymphatic lacunae and, rarely, through
direct invasion of the diaphragm (1-7). 
The successful treatment of abdominal PMP required the

combined approach including cytoreductive surgery
associated with hyperthermic intraperitoneal chemotherapy
(HIPEC). Debated recommendations for the management of
pleural extension consist of surgical cytoreduction and
hyperthermic intrathoracic chemotherapy (HITOC) (7, 8).
We report a case of a 50-year-old man with PMP and

intrathoracic involvement who underwent first cytoreductive
surgery and HIPEC for the abdominal disease and secondly
pleurectomy, decortication and PITAC for the pleural disease. 

Case Report

A 50-year-old man with a history of abdominal PMP was
referred to our centre after three cycles of neoadjuvant
chemotherapy with Folfox schedule. Physical examination
showed a distended abdomen. Complete blood analysis was
within normal levels, carcinoembryonic antigen (CEA) and
cancer antigen 125 (CA-125) levels slightly increased, 6.8
ng/ml and 63.8 U/ml, respectively.
Computed tomography revealed significant mucinous

ascites, omental cake, widespread peritoneal carcinomatosis
and left pleural effusion. He was submitted to an explorative
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laparoscopy which revealed massive gelatinous ascites and
a laparoscopic peritoneal cancer index (PCI) of 37. Biopsies
confirmed the diagnosis of intermediate PMP according to
Ronnett classification (9) and low grade PMP according to
WHO Classification (10).
The patient underwent extensive cytoreductive surgery:

total peritonectomy (including diaphragmatic peritoneum),
omentectomy, splenectomy, hepatic Glisson’s capsule
resection, cholecystectomy, lesser omentum resection, small
bowel resection, right colectomy and anterior rectal resection.
No injury was reported to the diaphragms. Treatment was
completed by HIPEC with cisplatin 100 mg/sm and
mytomicin C 16 mg/sm for 60 minutes at a temperature of
41.5˚C according to the original semiclosed HIPEC technique
(11). The operation was then completed with the creation of
anastomoses and a temporary loop ileostomy. 
Hystopathological examination confirmed the diagnosis of

PMCA with intermediate features (PMCA-I/D) or low grade
PMP. 
Imaging evaluation five months after surgery, before

ileostomy closure, revealed left pleural effusion, dimensional
increase of left pleural nodules (Figure 1). The diagnosis was
reached with percutaneous thoracic biopsy and finding of
mucinous malignant cells.
The clinical case was discussed in the interdisciplinary

tumor board: surgery associated with locoregional
chemotherapy was indicated. Patient was extensively informed
about the procedure and signed an informed consent. 
Left thoracotomy was accompanied by a resection of the

seventh rib. Complete parietal pleurectomy was performed,
partial visceral pleurectomy was realized, only removing
pleura invaded by malignant nodules (Figure 2). In some
regions the disease resulted to be more infiltrating: three
small atypical lung resections were necessary (Figure 3). On
the basis of the cardiovascular comorbidity induced after
HIPEC (atrial fibrillation), it was considered risky to subject

the patient to HITHOC; it was decided to perform a
pressurized intrathoracic aerosol chemotherapy (PITAC). It
consists of a new way of performing intracavitary
chemotherapy, more common than intraperitoneal use
(PIPAC), but also promising for a pleural application (12).
On the basis of these considerations, following completion

of cancer resection, the skin of the thoracotomy incision was
sutured. Two trocars were introduced in the seventh and
eighth intercostal spaces (Figure 4). The patient received
PITAC using cisplatin at 7.5 mg/sm and doxorubicin at 1.5
mg/sm. The chemotherapy aerosol was generated at the tip
of a mechanical micropump introduced through a balloon
trocar and maintained for 30 minutes at 37˚C. Remote-
controlled aerosol nebulisation was performed in analogy to
the PIPAC standard operating procedure. Then the toxic
aerosol was exsufflated over a secure system into the outside
environment. After completion of PITAC procedure two
chest tubes were introduced using trocar accesses. During the
dissection and PITAC procedure, the lung was maintained
collapsed through the use of a double-lumen tube. 
Postoperative daily chest radiographs showed no evidence

of pulmonary edema. Postoperative course was uneventful
and the patient was discharged on postoperative day 11. At
approximately 6 months after the operation the patient
remained without abdominal and thoracic recurrence. 

Results and Discussion

Unlike most cancers, PMP rarely spreads through
bloodstream or lymphatic vessels. Standard treatment for the
abdominal disease is based on the combined approach of
cytoreductive surgery and HIPEC. There is no standard
treatment in case of intrathoracic involvement: pleural
extension of PMP carries a poor prognosis and the current
recommendation for the management of pleural-based
disease is pleural cytoreduction combined with hyperthermic
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Figure 1. Chest CT scan showing left pleural disease.



intrapleural chemotherapy; this kind of treatment is often
associated with high morbidity and mortality. Because of the
rarity of disease there are insufficient data even regarding the
role of systemic chemotherapy, usually reserved to patients
with unresectable disease. 
According to available literature this is the first case report

of a PMP with intrathoracic extension treated with
pleurectomy, decortication and PITAC. 
Intrapleural chemotherapy continues to be well used

palliatively in order to control debilitating and unrelenting
pleural effusions from cancer. Entrance into the tissues
surrounding the thoracic cavity is by simple diffusion (13).
A pharmacologic advantage of intracavitary chemotherapy
administration within the thoracic space is reported in
literature (14). 
In this case, the goal of intrapleural chemotherapy

application was a curative one. The administration was
preceded by a thoracic cytoreduction. The aim of pleurectomy,
decortication and lung resection was to remove all visible
evidence of disease. The role of PITAC was to eliminate all
microscopic residual disease.
The choice to perform PITAC instead of HITOC was made

considering the patient's cardiological comorbidity. PIPAC,
or abdominal administration of nebulized chemotherapy, is
developing more and more. In our experience it turned out to
be a well-tolerated procedure with no major complications.
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Figure 2. Complete removal of left parietal pleura. Small atypical
pulmonary resections.

Figure 3. Pleurectomy and atypical lung resection.

Figure 4. A two-trocar PITAC technique is used. The ipsilateral lung is
excluded. 



Pharmacokinetic and pharmacodynamic studies have also
reported a higher tissue concentration than reported in
HIPEC, using doses ten times lower.
To our knowledge, PITAC has been performed, to date,

always in a palliative setting and has never been associated
with cytoreductive surgery. In our experience, the association
of pleurectomy and/or lung resection and PITAC is safe and
feasible. No cardiovascular collapse nor pulmonary
postoperative complications were observed. In these rare cases
PITAC could be a good option. Further studies are needed to
investigate the possible uses and role of this new procedure. 
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