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ABSTRACT

PURPOSE. The aim of this study is to present the role of video-assisted thoracoscopy to assess the ability
of the lung to expand in malignant pleural effusions. METHODS. The survey was conducted for a 3-year
period in 13 patients with histologically diagnosed malignant pleural effusion and trapped lung. In each of
the patients video-assisted thoracoscopy was performed. RESULTS. Two reasons for trapped lung were
identified. In 10 of the patients it was due to multiple metastatic nodules. In 3 cases the cause was a
diffuse fibrotic involvement of the lung resulting from the metastatic process. CONCLUSIONS. Our
research confirmed two causes of trapped lung in malignant pleural effusions: multiple metastases on the
lung surface and diffuse lung fibrosis, induced by the metastatic process, with the increased role of

multiple metastases on the lung surface.
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INTRODUCTION

‘Trapped lung’ is a condition of incomplete
expansion of the lungs and presence of a
residual cavity. This condition results from
pathologic processes involving the visceral
pleura in  malignant and non-malignant
diseases. Trapped lung is frequently found in
patients with malignant pleural effusions as a
result of metastases to the visceral pleura.
Trapped lung due to malignant pleural effusion
(MPE) is a serious therapeutic problem in the
clinical practice of the thoracic surgeons (1-6).
The most frequent causes for trapped lung in
non-malignant  diseases are  empyema,
parapneumonic effusions, chronic heart failure,
uremia. The conditions needed for the
formation of trapped lung are long-term

persistence of a pleural effusion resulting in
the creation of a fibrous visceral pleural peel
that restricts the lung to re-expand (2, 3, 5).The
aim of the study is to present the role of video-
assisted thoracoscopy in the assessment of the
ability of the lungs to expand in malignant
pleural effusions.

MATERIAL AND METHODS

The survey was conducted for a period of 3
years, from January 2012 to December 2014 in
the Department of Thoracic Surgery, Medical
University of Plovdiv. The results of 13
patients  with  histologically  diagnosed
malignant pleural effusion and trapped lung are
presented. The distribution according to
primary tumor location is presented in Table 1.

Table 1. Distribution of patients according to primary tumor location.

Primary tumor location Patients
1. Lung cancer 4
2. Breast cancer 2
3. Cancer of unknown primary 2
4. Urogenital cancers ( renal, ovarian, uterine 3
cancer)
5. Gastrointestinal cancers 1
6. Myeloma 1

*Correspondence to: Petar Bonev, Medical
University- Plovdiv; Department of General and
Thoracic Surgery; e-mail: petar_bonev@abv.bg
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The imaging techniques used to diagnose

malignant pleural effusions are:

1. Chest radiograph — performed in all patients
preoperatively and postoperatively.

2. Transthoracic ultrasonography — performed
in all patients.

3. Computed tomography (CT) of the chest-
performed in 11 patients.

Diagnostic interventional methods.
We performed in all of 13 patients included in
the study:
1. Thoracocentesis with pleural fluid
cytology.
2. Fibrobronchoscopy.
3. Video-assisted thoracoscopic surgery
(VATS) and pleural biopsy.

Methods for treatment of patients with
MPE and trapped lung.

The radiograph performed after the evacuation
of the pleural effusion shows unexpanded lung
with pneumothorax ex vacuo, the chest tube is
visible in the thorax (Figure 2). The performed
chest CT in 11 of the patients showed pleural
effusion on the same side as the metastatic
disease. In 4 of the patients there were
enlarged mediastinal lymph nodes. In 6 of the
patients there was parietal pleura thickening
(more than 10 mm) with metastatic nodules
(Figure 3). The presence of a pleural effusion
makes the interpretation of the underlying lung
pathology much harder.
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The patients underwent evacuation of the
pleural effusion and subsequent insertion of a
permanent chest tube. We used chest tubes
ranging from 24 - French to 30- French in size.
The insertion of the tube was conducted under
video-assisted thoracoscopic control.

RESULTS

Clinical presentation: the patients included in
the survey have symptomatic malignant pleural
effusions with clinical presentation of varying
degrees of dyspnea as well as varying degrees
of restriction of the physical activities.

Results of the imaging and interventional tests:
the chest radiograph performed before the
operation showed pleural effusion on the same
side as the metastatic disease. In most of the
cases the pleural effusion is massive reaching
the degree of total involvement of the
corresponding hemithorax (Figure 1).

Figure 1. Radiograph of a patient with left-sided MPE and trapped lung (massive pleural effusion reaching the
degree of total involvement of the corresponding hemithorax.)

The performed transthoracic ultrasonography
in all of the 13 patients was used not only to
prove the presence of a pleural effusion but
also to make the skin marking for the
subsequent thoracocentesis.

The cytological evaluation of the pleural fluids
found tumour cells in 8 of the patients — 61.5
% diagnostic sensitivity of the method.

The performed fibrobronchoscopy in all of the
patients ruled out the possibility for incomplete
expansion of the lung due to occlusion of a
main bronchus by a centrally located tumour.
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Figure 2. Radiograph of a patient with trapped right lung after evacuation of the effusion (drainage after
pneumothorax ex vacuo; the arrows mark the surface of the lung.)

Figure 3. Chest T of a patient with right MPE and trapped lung (pleural effusion and

metastatic nodules on the visceral pleura).

The changes in the pleural cavity were
diagnosed through VATS i.e. pleural effusions,
metastatic nodules on the parietal and visceral
pleura or the diaphragm, fibrotic thickening of
the visceral pleura. We took pleural biopsies in
all of the patients with following histological
analysis. The primary location of the cancer
and the cause for MPE were proved based on
the cytological and histological evaluation —
presented on tab. 1. In 9 (69%) of the cases the
cause for trapped lung was multiple metastatic
nodules on the visceral pleura (Figure 4). The
4 (31%) of the cases the cause for incomplete
expansion was fibrotic thickening of the
visceral pleura (Figure 5). In these cases the

histological analysis of the fibrotic tissue
showed metastatic involvement.

Results after drainage of MPE and follow-up:
the follow-up period is 30 days after the
evacuation of the pleural effusion, with no
mortality for this period. Full control of the
dyspnea is established in 3 (23%) of the
patients. The rest 10 patients (77 %) report
incomplete or partial control regarding the
dyspnea with registered improvement of the
physical activity. In one patient (7%) we
registered as a complication cellulitis around
the chest tube and in 1 patient (7 %)- infection
of the pleural cavity and empyema.
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Figure 4. Video-assisted thoracoscopic view of trapped lung by metastatic nodules on the visceral pleura.

Figure 5. Video-assisted thoracoscopic view of trapped lung by visceral fibrotic membrane (2).

DISCUSSION

The term “trapped lung” in patients with MPE
is a condition of incomplete expansion of the
lung due to restriction by the visceral pleura as
a result of pleural metastases. Another frequent
cause for incomplete expansion of the lung is
endobronchial tumour obstruction leading to
obstructive atelectasis. The latter is the reason
for the formation of pleural effusions with the
characteristics of transudate with no cancer
cells in it. These pleural effusions are called
‘paramalignant’ (3, 7).

The endobronchial obstruction in patients with
MPE and trapped lung is ruled out using
fibrobronchoscopy. In the current study we
include patients with MPE and trapped lung
after performing bronchoscopy to rule out
endobronchial tumour obstruction.

There are two main causes for the formation of
trapped lung in MPE. The leading cause is
involvement of the visceral pleura by the
multiple tumour metastases restricting the
expansion of the lungs (3, 5, 7). Lung
carcinoma is the most frequent primary tumour
location leading to metastatic disease in the
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pleural cavity. The second cause for trapped
lung in MPE is fibrotic change of the visceral
pleura. Higher fibrogenic potential is discussed
in metastatic pleural effusions (8). In vivo and
in vitro tests prove increased production of
transforming growth factor by the tumour
cells. The growth factor activates fibroblast
proliferation and collagen matrix synthesis (9,
10). These processes observed in pleural
metastases lead to fibrotic reorganization of the
visceral pleura. Trapped lung can result from
radiation-induced fibrotic transformation of the
visceral pleura (3, 7). There are cases of MPE
with primary location - breast cancer and
following postoperative radiation therapy.

Trapped lung is a cause for elevated values of
the negative pressure in the pleural cavity. This
leads to increased production and reduced
absorption of pleural fluid (11, 3). Thus, the
trapped lung itself acts as an additional indirect
cause for the formation of a pleural effusion in
metastatic disease of the pleura.

We diagnose trapped lung in MPE using plain
chest radiography and CT of the thorax. The
incomplete expansion of the lung after
evacuating the pleural effusion is determined
as pathognomonic radiologic sign for MPE
with trapped lung — pneumothorax ex vacuo
presented in this survey.

We need a method allowing direct assessment
of the changes in the pleural cavity in order to
reach definitive diagnosis of trapped lung. In
this regard the video-assisted thoracoscopy
provides exceptional possibilities. Apart from
direct assessment of the pleural pathology and
possibility for pleural biopsy, video-assisted
thoracoscopy allows evaluation of the
reexpansion of the lung. When trapped lung is
established intraoperatively the reason for this
condition should be determined as well —
diffuse metastatic involvement of the pleura or
fibrotic changes of the visceral pleura.

Malignant pleural effusions are a sign of
advanced stage of the disease with poor
prognosis for the patients and life expectancy
of 6 to 9 months (1, 12, 13). With regard to the
treatment plan, the main goal is achieving
effective  palliation of the  clinical
manifestations — reduction of dyspnea, pain
relief, discomfort, better quality of life. The
widely used method for chemical pleurodesis
in the treatment of MPE with trapped lung, is
inefficient as well as contraindicated (3, 7).
The inability of the lung to expand fully leads
to lack of contact between the two pleural
membranes - an absolute condition for
successful pleurodesis. In addition the presence
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of sclerosing agent in the pleural cavity will
suppress even more the function of the lung as
a result of the fibrotic transformation of the
visceral pleura caused by the sclerosing agent.

Treatment options for MPE with trapped lung
are: repeated pleural aspirations, permanent
indwelling drainage catheter, pleural peritoneal
shunting, pleurectomy with decortication (1,
2). Every single one of these methods has
advantages and disadvantages as well as risks.
It should be noted that not every method can
be applied to all patients with MPE. In our
survey the main method for treatment of MPE
with trapped lung is insertion of permanent
drainage tube. We use large-bore chest tubes
sizes 26 to 32 Fr in order to avoid blockage of
the tube with coagula or fibrin materials. In
these cases keeping the chest tube patent is
more important than the discomfort of the
patients caused by the large-bore tube (14).
Evidence for the efficiency of permanent chest
tube drainage is the improvement of dyspnea,
visible on the radiography — lack of pleural
effusion, pneumothorax ex vacuo, presence of
very slight re-expansion of the trapped lung.

The most common complications of permanent
chest tube drainage are inflammation of the
soft tissues like acute cellutilis and infection of
the pleural cavity — pleural empyema. The
frequency of these two complications is
comparable to other surveys on the same topic
(15, 16, 17).

CONCLUSIONS

1.Mandatory condition in the diagnostic
process of trapped lung is exclusion of
endobronchial tumour obstruction.

2.‘Trapped lung’ is definitively diagnosed
through direct inspection of the affected
pleural cavity performed with video-assisted
thoracoscopy.

3.Insertion of permanent chest tube drainage in
patients with MPE and trapped lung leads to
effective palliation of the symptoms with short
hospital stay and low frequency of possible
complications.
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