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Background: The aim of this study was to assess the effectiveness of intrapleural perfusion thermo-
chemotherapy (IPTC) under video-assisted thoracoscopic surgery (VATS) for malignant pleural effusion
(MPE) caused by lung carcinoma.

Methods: In this retrospective study, fifty-four patients with moderate or large amounts of ipsilateral MPE
secondary to non-small cell lung cancer (NSCLC) underwent pleural biopsy and IPTC under VATS. IPTC
was performed by perfusing the pleural cavity with 43.0 °C saline solution containing cisplatin (200 mg/m”)
using a devised circuit through mechanical circulation for 60 minutes. Blood pressure, heart rate, oxygen
saturation (SpQ,), and esophageal and rectal temperatures were monitored throughout the surgery. At the
end of the perfusion, pleural biopsy was performed again for histological analysis.

Results: The temperature at the pleural surface was stabilized at 43 °C, and pleural effusion was controlled
in all patients. KPS scores increased in 89.3% of patients. No patient developed bone marrow suppression
reactions with noticeable bleeding after treatment, and no liver and kidney malfunctions were observed.
Apoptosis was detected by light and electron microscopy after IPTC. CEA markedly decreased in all patients
1 month after IPTC. The median survival time was 21.7 months, with a one-year survival rate of 74.1%.
Conclusions: IPTC under VATS is a new, safe, less invasive and more effective approach for MPE caused

by lung carcinoma.
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Introduction

Malignant pleural effusion (MPE), defined by the
presence of malignant cells in the pleural space, reflects
advanced lung cancer and is associated with significant
morbidity (1). MPE is considered a crucial negative
factor in reducing the patient’s quality of life (QOL) and
survival (2). Many attempts to treat this disease, including
surgery, have not been successful (3). Therefore, surgical

therapy alone is generally notrecommended. To improve
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prognosis, more extensive surgical procedures, such as
pleuropneumonectomy and adjuvant chemotherapy, have
been assessed, but no ‘gold standard’ for therapy has been
established. Recently, the efficacy of pleural perfusion
thermo-chemotherapy for MPE was reported (4,5); it
consists of co-administration of cytotoxic drugs (such
as cisplatin) and thermotherapy with thoracotomy (6).
However, this method may not be suitable for patients
with poor pulmonary function and cardiac complications.
Indeed, the rate of complications in patients with limited
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pulmonary function is significantly higher in patients
undergoing thoracoscopy (7,8). Therefore, in this study, we
adopted IPTC for the video-assisted thoracoscopic surgery
(VATS) approach in a minimally invasive manner for the
treatment of pleural effusion caused by lung carcinoma.

Methods

From January 2004 to April 2013, fifty-four patients with
MPEs caused by lung carcinoma but without distant metastasis
underwent IPTC under VAT in our department. They were
45 to 75 years old, with a mean age of 64.9 years. All patients
had been diagnosed with primary lung adenocarcinoma. The
clinical stage of all patients was IV, since they had pleural
metastasis (M1a) with no distant metastasis at the time of
perfusion treatment. The patients underwent surgical pleural
biopsy and received sequential perfusion treatment. This study
was approved by the ethics committee of Hangzhou First
People’s Hospital (No. 101-01 Ethics).

Therapy

Intrapleural perfusion thermo-chemotherapy (IPTC) under
VATS was performed generally according to the conventional
method without thoracotomy (9). The patients underwent
general anesthesia, and were intubated by suitable double
lumen endotracheal tubes; using one-lung ventilation, each
patient was placed in the lateral decubitus position. First, a
10-mm port (port 1) was placed in the seventh intercostal
space at the mid-axillary line. A second port was placed in the
forth intercostal space at the anterior axillary line. Another
port (port 3) was placed in the sixth intercostal space at the
posterior axillary line. A thoracoscope was inserted through
the first port, while the other two ports were utilized to
perform biopsy and remove the fibrinous adhesions, thereby
obtaining pleural biopsy tissues. Next, irrigation inlet (10
mm) and outlet (10 mm) tubes were inserted through
ports 1 and 2, and connected to a standard extra-corporal
circuit. The circuits were primed with 3,000 mL of saline
solution; the pleural space perfusion flow rate was maintained
between 800 and 1,000 mL/min. A temperature probe
was inserted and placed in the pleural cavity via port 3.
After confirming an intrapleural temperature of about 43 °C,
cisplatin was administered at a total dose of 200 mg/m”.
500 mg methylprednisolone and 8 mg ondansetron were
administered intravenously during IPTC to prevent
pulmonary edema and vomiting, which are usually caused
by thermotherapy. Once perfusion was completed, the
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solution in the thoracic cavity was completely removed,
and a drainage tube placed via port 1. Blood pressure,
heart rate, SpQO,, and esophageal and rectal temperatures
were monitored throughout the surgery. At the end of the
perfusion, pleural biopsy was performed for histological
analysis. Serum carcinoembryonic antigen (CEA) levels
before and after IPT'C were determined.

Histological analysis

Tumor tissues were collected from pleural effusions and
nodules. One part was fixed in 10% formalin and paraffin
embedded, and stained with H & E. The remaining part
was fixed in 4% glutaraldehyde and cut into ultrathin
sections for TEM.

Follow-up visit

Follow-up was performed every 3 months after hospital
discharge.

Results

The temperature at the pleural surface was stabilized at 43 °C.
The maximum temperature in the esophagus and rectum
was less than 38.3 °C, despite the rise in pleural surface
temperature.

Clinical outcomes and toxicities after IPTC under VATS

Efficacy was evaluated according to conventional criteria (10):
(I) complete recovery (CR) was reflected by effusion
clearance lasting for more than 4 weeks; (1) partial recovery
(PR) indicated effusions reduced to less than 50%, lasting
for more than 4 weeks; CR and PR represented effective
treatment. After IPTC, 54 cases showed CR, and 2 had
PR; pleural effusion was controlled in 100% of patients.
Symptoms, including chest distress, shortness of breath,
cough, and chest pain, were noticeably ameliorated. KPS
scores were increased in 48 cases (88.9%) (Figure I).
Changes in blood pressure and pulmonary artery
pressure were mild. Two patients developed lung edema
perioperatively, which was improved by induced diuresis,
oxygen inspiration and steroid administration; 3 patients
developed cardiac malfunction, which was ameliorated
by heart stimulation and diuresis induction. No patient
developed bone marrow suppression reaction with
noticeable bleeding after treatment; no liver and kidney
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Figure 1 Chest X ray showing pleural effusion under control in 100% of patients. (A) Before IPTC; (B) two months after IPTC;

(C) six months after IPTC. IPTC, intrapleural perfusion thermo-chemotherapy.

Table 1 Clinical outcomes and toxicities before and after IPTC malfunctions were observed (Tiable I).

Variable Before IPTC  After IPTC Baseline CEA levels were high preoperatively in all
patients, with a mean value of 26.2+3.1 ng/mL. They

Arterial O, tension (mmHg) 68.3+10.1 72.4+9.5 )
markedly decreased 1 month after IPTC, showing a mean

Chemistry profile value of 13.3+5.2 ng/mL.

White blood cells (x10%/L) 6.9+4.4 5.6+3.3 Morphological characteristics of tumor cell apoptosis
Glutamic-pyruvic transaminase (U/L) 43.1+6.3 46.1+4.7 were obvious under light microscopy and TEM, including
Serum creatinine (umol/L) 82.5+11.3 93.5+10.4 pykDOSIS and karyorrhexls (Flgm’e 2)-

Follow-up visits persisted until October 2014 for all

Blood urea (mmol/L) 6.9+1.7 8.9+3.9 patients. A total of 40 patients survived for more than
CEA (ng/mL) 26.2+3.1 13.3+5.2 1 year, with 19, 7, and 4 surviving over 2, 3, and 4 years,
Heart rate (beats/min) 8534115  80.9+15.1 respectively. Median survival time was 21.7 months; the
one-year survival rate was 74.1%.
Blood pressure (mmHg) 139.7£10.2 137.5x11.3

IPTC, intrapleural perfusion thermo-chemotherapy.
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Figure 2 Changes in cell morphology. (A) Most human lung cancer cells exhibited pyknosis by light microscopy x400; (B) tumor cells
showed karyorrhexis as evaluated by TEM, x8,000.
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Discussion

MPE, a common complication in patients with stage-IV lung
cancer, can severely reduce the QOL and survival rate (11).
Increased pleural fluid limits the mechanical dilation of the
lungs, thereby affecting pulmonary and cardiac function;
this usually results in severe shortness of breath and
circulation failure. The International Association for the
Study of Lung Cancer (IASLC) reported a 1-year survival
rate of 36% in patients with carcinomatous pleuritis (12).
Currently, the primary treatment for pleural fluid is local
therapy (e.g., intrathoracic injection of chemotherapy
drugs, solidifiers and bioactive agents). However, repeated
operations often cause more pain to the patients and
increase body exhaustion, and the reduction of thoracic
effusion is not satisfactory. The traditional surgical therapy,
including pleuropneumonectomy, often causes various
complications and results in a high death rate; it is therefore
not suitable for many patients (13).

It is a consensus in modern medicine that cancer cells
would be killed when heated to 41.0-45.0 °C for dozens
of minutes (14). Cancer cells are supported by abnormal
capillaries and cannot store oxygen efficiently. The
characteristics of cancer cells make them susceptible to
heating (e.g., 42.0 °C), which considerably blocks or reduces
their metabolism, as well as the activities of enzymes
involved in cell division and DNA and RNA syntheses
(15,16). Hyperthermia constitutes a highly effective tool
for cancer treatment, particularly in combination with
chemotherapy, radiotherapy or immunotherapy, which show
synergetic effects (17-19). We perfused the pleural cavity
with heated saline containing cisplatin through mechanical
circulation, which resulted in the death of residual
suspension cancer cells and low metastasis on the thoracic
membrane, thereby blocking or reducing the pleural fluid.

In intrapleural thermo-chemotherapy, the
chemotherapeutic drugs to be injected into the pleural
cavity are diluted to about 3,000 mL and warmed to 43 °C.
The drugs are quickly injected into the pleural cavity, and
induce apoptosis of suspension cancer cells in the pleural
cavity and low tumor metastasis. In this manner, the therapy
can effectively reduce pleural effusion and increase survival.

In this study, we applied thoracoscopy under the VAT'S
approach, which allows minimally invasive operation for
lung decortication. Besides, the lung can be dilated after
fiberboard removal; this distributes thermo-therapy more
evenly within the pleural cavity, making it easier for the
drugs to penetrate into the tissues, thereby enhancing
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the therapeutic effectiveness. Meanwhile, thoracoscopy
can detect abnormalities in the lungs, pleural space and
diaphragm, and can guide biopsy for pathological diagnosis
and provide a pathological foundation for comprehensive
treatment after surgery.

Overall, thermo-chemotherapy for lung cancer and MPE
under video-assisted thoracoscope can help reach accurate
pathological diagnosis and considerably reduce the effusion
in a short period of time. Furthermore, this therapy is
minimally invasive with few side effects, and can prolong
patient survival. The above advantages of the current
therapy strongly support broader application.
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