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Abstract
Background: Pleural malignancies are challenging conditions in terms of possibility of cure.
Recent growing interest towards Hyperthermic Intrathoracic Chemotherapy (HITHOC) after
Cytoreductive Surgery (CRS) has been referred. Minimally invasive approach (VATS) may be
suggest in this context but evidence is still lacking.
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Methods: A preliminary experience in seven patients submitted to cytoreductive surgery and
HITHOC is described, with a focus on technical aspects related to VATS approach, operating
median time and postoperative complication.
Results: A triportal VATS approach has been employed in all cases. Median time of surgery
including pleural perfusion was 200 min (range 165 to 370). Mean blood loss was 217 cc (range 100
and 600). Thirty days mortality was nothing.
Conclusion: VATS cytoreductive surgery and HITHOC is a safe procedure and could be proposed
in the setting of a multimodality strategy employing adjuvant radio-chemotherapy in referral
centers.
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Introduction
Pleural malignancies, both of primary or metastatic are challenging conditions in terms of
possibility of cure. Malignant Pleural Mesothelioma (MPM) is still considered a fatal disease,
despite the combination of aggressive surgical procedures and systemic treatments, with a median
survival time of 1 year [1]. Pleural metastases from distant tumors usually represent a terminal
stage of disease, and their treatments are focused on reducing symptoms related to the presence of
pleural effusion and reduction of respiratory function [2]. In patients with thymic malignancies,
development of pleural metastases after radical resection of the primary is usually a consequence
of exfoliation of cells from the thymoma or local seeding during surgical manipulation and in this
context no curative treatment is available [3]. In the last two decades increasing attention has been
paid to the application of protocols implying Cytoreductive Surgery (CRS) and intraoperative
intrathoracic administration of Heated Chemotherapy (HITHOC), in the attempt of maximizing
the cytotoxic effects of the employed drugs. Several papers showed promising results in terms of
local control of disease and prolongation of life when treating MPM and pleural metastases from
thymic tumors [3-5]. In the large majority of studies the surgical procedures were carried on through
an open approach, while scarce information is available regarding the application of video-assisted
thoracic surgery. We hereby present the description of our technique of CRS and HITHOC using a
VATS approach and report our preliminary experience with a short series of patients submitted to
Pleurectomy/Decortication (P/D) and HITHOC by VATS for mesothelioma and pleural metastases
from thymic tumors, with a focus on safety and tolerability of the procedure.
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Materials and Methods

The course of the third drain within the chest cavity was as lateral
as possible, in order to be as high as possible while the patient was
laying on his/her contralateral decubitus on the operative table. This
was done with the aim of guaranteeing a complete exposure of the
lung surface and the inner layer of the pleural cavity to the action
of the chemotherapeutic agent. The tubes were then connected to
the extracorporeal circuit (RAND-Performer LRT©, RAND S.r.l. Medtronic, Medolla (MO), Italy) and intrapleural perfusion started.
The circuit was composed by 4 roller pumps, a fluid heater plate, and
a reservoir. In the first phase of HITHOC the paramediastinic drains
were used as inflow catheters to fill the cavity with 38°C 0.9% saline.
When the fluid started to flow outwards through the lateral drain and
after stabilization of the circuit flow, the lavage saline was further
heated until reaching the final 42°C temperature and cisplatin was
progressively added to the infusion solution at the dose of 100 mg/
m2 of body surface, this latter calculated according to the Mosteller
formula [6]. Subsequently, a continuous flow pleural lavage was
carried out for 1 h at the average speed of 1 L/min. The perfusate
temperature was monitored using 4 thermal probes posed on the
perfusion system respectively just before and after the heater and
on the inflow and outflow catheters within 30 cm from the patient’s
skin. Patients’ central temperature was monitored with a thermal
probe connected to the urinary catheter, routinely inserted before
surgical incision. At the end of pleural lavage, the fluid containing the
chemotherapy agent was completely drained out, the cavity washed
with pure 0.9% saline and chest drains connected to a standard drain
system (Pleurevac©) under mild suction (-15 cmH20). Eventually,
according to respiratory and circulatory parameters, the patient was
transferred to Intensive Care Unit (ICU) department or extubated
and transferred to surgical ward.

Approval was waived by the local Ethics Committee due to
the retrospective nature of the study, according to National Laws
regulating observational retrospective studies (Italian law nr. 11960,
released on 13/07/2004). However, all patients gave their written
consent for use of their personal data for scientific purposes. We
included all patients submitted to pleurectomy/decortication and
intracavitary chemohyperthermia for MPM and pleural metastases
from thymic tumors in a single institution (Santa Maria della
Misericordia University Hospital, Udine, Italy) in the interval January
2015 - December 2018.
Patients selection
All patients were discussed at our local multidisciplinary board
involving oncologists, chest physicians, thoracic oncology surgeons,
radiologists, radiation oncologists and pathologists. General
prerequisites for being enrolled for surgery were: 1) performance status
0-1; 2) adequate respiratory function at preoperatory spirometry;
3) normal cardiac function. For MPM, patients were proposed for
surgery in case of histology proven MPM with unilateral disease,
clinical stage 1 – based on radiological tomographic investigations
and diagnostic thoracoscopy – and lesions considered technically
resectable. For thymoma pleural metastases, patients were enrolled
for surgery when all visible lesions were deemed resectable, in case of
unilateral disease and absence of other localizations due to neoplastic
spread.
Surgical procedures
Patients were intubated with a double lumen tube to allow
selective lung exclusion from ventilation during surgery. Patients
were therefore posed in a contralateral decubitus and a 4 cm long
utility port was performed in the 5th intercostal space on the anterior
axillary line. A 30° 10 mm camera was then inserted through the utility
port, and after verifying the correct lung deflation and identifying
the lower landmark represented by the diaphragm, two further 2
cm long ports were practiced under camera vision, usually in the 8th
intercostal space on the posterior axillary line and in the 7th intercostal
space on the middle-anterior axillary line (Figure 1A). Subsequently,
a complete surgical removal of the parietal and mediastinal pleura
was performed; when present, diaphragmatic nodules were excised
with enough margins to guarantee a macroscopic complete resection.
During mediastinal pleura removal, attention was paid to preserve
the phrenic nerve and the vascular structures, unless they were
macroscopically involved by tumor deposits. The lung was routinely
explored on its surface and within fissures to rule out visceral pleura
seeding: in case of macroscopic nodules, these were resected with
wedge resections - for larger and deeper deposits - or diathermy for nodules up to 3 mm large. All specimens were removed from
the pleural cavity with a disposable retrieval bag in order to avoid
seeding through the surgical ports. Eventually a further resection of
the muscular and fat tissue around the ports was performed in order
to prevent tumor recurrence at this level.

Post-operative monitoring and follow-up
Patients were systematically hydrated with 1 ml/kg/h 0.9% NaCl
for the first 2 days post-operatively. During in-hospital stay patients
were monitored with daily full blood count and renal function test for
the first 5 days in order to identify early signs of nephrotoxicity. After
discharge patients were followed up with CT scan every 3 months for
the first 2 years, and every 6 months for 5 years thereafter. The primary
outcome we investigated on was safety of HITHOC, with particular
referral to renal function impairment due to cisplatin administration.

Results
Patients’ characteristics
During the time interval seven patients underwent CRS and
HITHOC for MPM or pleural metastases from thymoma and were
therefore included in the study. Preoperative characteristics of
patients are reported in Table 1. Five patients had MPM, and two
were operated on for unilateral pleural metastases from thymoma.
All patients were identified as American Society of Anesthesiology
(ASA) score 3.
Surgical procedures
All surgical procedures were performed via a triportal VATS
approach. Median time of surgery including pleural perfusion was
200 min (range 165 to 370). In order to guarantee a macroscopic
radical resection, in both cases of thymoma metastases a partial
resection of the diaphragm and multiple pulmonary wedge resections
were carried out and confirmed tumor deposits at histology report.
In 1 case of MPM a partial resection of the diaphragm was necessary
to guarantee macroscopic resection of tumor and in another case a

Intrapleural heated chemotherapy perfusion
After completion of the CRS, three chest tubes were inserted
under camera vision through the surgical ports; the lung was partially
re-expanded and kept semi-inflated during pleural lavage [1]. Chest
drains were positioned as follows (Figure 1B): two drains were
positioned respectively anteriorly with a paramediastinic course and
posteriorly behind the pulmonary hylum to the pulmonary apex.
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Figure 1: A. Position of patient and surgical ports. B. Position of chest drains for HITHOC.
Table 1: Patients’ and tumors’ characteristics.

1

Age

Gender

59

M

Tumor/Histology
MPM, epithelioid

Comorbidities
Previousbladdercancer

Neoad

Ad

None

CT+RT

2

72

M

MPM, epithelioid

Hypertension, previousgastric GIST

None

None

3

69

M

MPM, biphasic

Hypertension

None

CT+RT

4

77

F

Thymoma, B2

COPD, Reumathoidarthritis, SLE

None

CT

5

76

M

MPM, epithelioid

Arteriopathy, COPD, previous colon cancer

None

CT+RT

6

79

M

MPM, epithelioid

AF, DM, hypertension

7

66

M

Thymoma, B2

Hypertension, DM

CT

CT

None

none

Abbreviations: AF: Atrial Fibrillation; COPD: Chronic Obstructive Pulmonary Disease; CT: Chemotherapy; DM: Diabetes Mellitus; F: Female; GIST: Gastrointestinal
Stromal Tumor; M: Male; MPM: Malignant Pleural Mesothelioma; RT: Radiotherapy; SLE: Systemic Lupus Eritematosus
Table 2: Outcomes.
TOS (min)

ICU Duration
(days)

Drain Removal
(days)

In-Hospital Stay
(days)

Complications

Post-operative PS*
(Karnofsky)

Post-operative
Pain* (NRS)

1

370

0

5

7

Late DiaphragmaticHernia

80

1

2

200

0

7

12

None

90

0

3

295

0

5

6

None

90

2

4

230

1

5

6

None

80

4

5

165

2

12

13

None

90

3

6

190

2

15

19

Haemoptisis

80

4

7

190

1

6

17

ARF

80

2

Abbreviations: ARF: Acute Renal Failure; ICU: Intensive Care Unit; NRS: Numeric Rating Scale; PS: Performance Status; TOS: Time of Surgery
*Assessed at 2 weeks after discharge

wedge resection was performed to remove a visceral pleura nodule
with invasion of lung parenchyma. Estimated blood loss ranged
between 100 and 600 cc (mean 217 cc).

two weeks after discharge, patients presented almost uniformly good
clinical conditions and pain control.

Discussion

Outcomes

Pleural malignancies, both from primary and secondary origin are
challenging conditions that benefit the most from a multidisciplinary
approach. However, even with the best adherence of the patient to the
proposed treatment plan, progression of disease is the most frequent
eventuality. MPM is almost always a lethal disease, where no treatment
has demonstrated a full effectiveness in preventing progression and
death [7]. In early stages, where the tumor is localized to the parietal
or visceral pleura, a surgical resection may be proposed in the setting
of a multimodality treatment. Surgical treatment consists of two

Post-operative outcomes and morbidity are reported in Table
2. Thirty-day mortality was nothing. One MPM patient developed a
late diaphragmatic hernia and underwent surgical repair 1 year after
the cytoreductive surgery. Only one thymoma patient developed
acute renal failure on post-operative day 2, treated with intravenous
administration of saline and diuretics with progressive normalization
of creatinine levels and no need for further medical treatment or
dialysis. Another MPM patient required blood transfusions for early
post-operative anemia, but no further treatment was required. At
Remedy Publications LLC., | http://clinicsinsurgery.com/
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main approaches: Pleurectomy/Decortication (P/D), consisting in
the removal of all pleural surface, or Extrapleural Pneumonectomy
(EPP), that reckons on en-bloc removal of all pleural layers, ipsilateral
lung, pericardium and diaphragm, these two latter subsequently
reconstructed with prosthetic patches. This approach is burdened
with high post-operative mortality and morbidity and is therefore
usually reserved for high volume specialized centers with strict
patient’s selection criteria [8]. Although EPP is a more extensive
treatment and should theoretically guarantee a higher radicality, it
has not been demonstrated to improve survival compared with less
extensive interventions [8]. Therefore, it is evident how surgery
alone cannot guarantee a radical microscopic resection and should
only be proposed in the context of a multimodality treatment with
chemo-radiotherapy [9]. MPM is sensitive to radiotherapy, but the
tumor spreading pattern usually involves or get in close proximity
with vital organs (heart, spinal cord) making it unlikely to deliver
a therapeutic dose without significant side effects [7]. On the other
hand chemotherapy, mainly with a combination therapy, has shown
to be effective in prolonging time to progression and median survival
[10] but the relative benefits may be counterbalanced by a significant
impairment of quality of life [7]. Thymomas are relatively rare and
usually indolent tumors, with an excellent prognosis in early stages
after surgical resection [11]. In a minority of cases the tumor may
recur, as a consequence of local spreading or surgical manipulation.
Development of pleural metastases from thymoma configures a stage
IV of disease where 10 years-OS, from nearly 100% of stage I-II, may
decrease to 30% [12]. Response rates to chemotherapy are around 44%
when the association of cisplatin/doxorubicin/cyclophosphamide
is used [13], while in selected cases patients may still benefit of a
multimodality treatment including repeated surgical resection [14].
In the perspective of maximizing the intrapleural cytotoxic effect of
chemotherapy and reducing the systemic side effects of the drugs, in
the last two decades an increasing application of HITHOC has been
observed [15,16]. HITHOC is based on the perfusion of the pleural
cavity with drugs that exert a direct cytotoxic effect on tumor cells.
The most commonly used protocols employ cisplatin alone [17] or in
combination with doxorubicin [1,15]. The use of mild hyperthermic
perfusate enhances the cytotoxic effect of the drug and its penetration
into tumoral deposits [18,19] and is known to induce apoptosis in
both healthy and tumor cells [20,21]. Pharmacokinetics studies
demonstrated that during HITHOC the chemotherapeutic agent is
only partially absorbed by the systemic circulation, maximizing the
local effect and reducing the incidence of adverse events related to
its systemic toxicity [1]. The median depth of penetration of heated
cisplatin was demonstrated to be as high as 3 mm to 4 mm [22], thus
suggesting that it may be actually effective on microscopic residual
disease following cytoreductive surgery. Cisplatin is partially absorbed
by the lungs and soft tissues of the pleural cavity and gradually released
into the systemic circulation [23] but pharmacokinetics investigations
outlined that the drug concentration in the pleural fluid can reach a
value >50-fold higher than in the serum [24]. This should maximize
the therapeutic effect of cisplatin on the affected surfaces limiting the
occurrence of systemic side-effects, namely acute renal failure. The
frequency of renal impairment ranges widely between 3% to 57%
after HITHOC [25] and seems to occur less frequently with adequate
preservation of the kidney, through intravenous infusion of fluid
and employment of nephroprotective drugs [25]. In our short series,
probably due to the systematic use of a nephroprotection protocol in
the first days after surgical procedures, a transient acute renal failure
occurred in only 1 case (14.3%) and resolved within 14 days with no
Remedy Publications LLC., | http://clinicsinsurgery.com/

need for major interventions. In our opinion this emphasizes the low
impact that chemotherapy pleural lavage after standard cytoreductive
surgery may have on the patients’ general conditions, mainly when
the surgical procedure is carried out through a minimally invasive
approach. The use of HITHOC following P/D for MPM seem to offer
a beneficial effect on reducing tumor progression and prolonging
survival in several experiences [16,26]. VATS had a revolutionary
effect on the practice of thoracic surgery, since when it was
demonstrated that complex surgical resections could be performed
with lower invasiveness without affecting the oncological effectiveness
of the treatment [27]. Therefore, even in the context of pleural
malignant disease, VATS should in our opinion gain an increasing
application considering the low detrimental impact on the patients’
general conditions and the increased chance to adhere to adjuvant
treatments. VATS has the advantage of allowing a well-defined,
complete and magnified exploration of the pleural cavity and, in our
opinion, this might improve the detection of pleural implants and
increase the completeness and precision of pleurectomy. However,
since to date no prospective study assessed the comparative results
of pleurectomy performed through an open versus a thoracoscopic
approach, this statement should be interpreted with caution. Future
research should prospectively assess the effectiveness of HITHOC
compared with simple cytoreductive surgery in the context of a
multimodality treatment and the role of VATS compared with
standard open thoracotomy in the treatment of pleural malignancies.

Conclusion
HITHOC is a safe and effective adjuvant of CRS for the
treatment of primary and metastatic pleural tumors in the setting of
a multimodality treatment. The low invasiveness of this practice may
improve the patient’s adherence to adjuvant treatment protocols and
therefore increase the chances of tumor control. In this context VATS
may offer a valid and less invasive alternative to thoracotomy that
may amplify the overall positive effects on the patient’s outcome, but
more research is needed on this topic.
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