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Effectiveness and safety of diagnostic flexi-rigid thoracoscopy in
differentiating exudative pleural effusion of unknown etiology: a
retrospective study of 215 patients
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Background: The aim of this study was to evaluate the effectiveness and safety of diagnostic flexi-rigid
thoracoscopy in differentiating exudative pleural effusion of unknown etiology.

Methods: A total of 215 patients with undiagnosed exudative pleural effusion were consecutively recruited
between January 2011 and February 2013. Thoracoscopy was carried out under local anesthesia, and
multisite pleural biopsies were performed using a flexi-rigid thoracoscope. The tolerance of the patients,
surgical complications and postoperative pathological diagnosis rate were used to evaluate the effectiveness
and safety of the thoracoscopy procedures.

Results: All patients, Karnofsky performance status (KPS) >70, could tolerate both the thoracoscopic
surgery and pleural biopsy; there were no severe complications. Thoracoscopic findings included pleural
hyperaemia, fibrinous adhesion, nodular bulge and fester. The pathological biopsy confirmed diagnoses of
malignant tumor (97 cases), tuberculous pleuritis (91 cases), tuberculous empyema (one case), pulmonary
schistosomiasis (one case) and unknown etiology (25 cases). The total diagnosis rate was 88.4%.
Subcutaneous emphysema occurred in ten cases and fever in six cases, all of which recovered completely with
conservative treatment.

Conclusions: Flexi-rigid thoracoscopy had a high diagnosis rate, differentiating exudative pleural effusion
of unknown etiology with satisfactory effectiveness and safety. There was high degree of relationship between

thoracoscopic appearance and primary disease or tumor classification.

Keywords: Pleural effusion; flexi-rigid thoracoscopy; diagnosis

Submitted Nov 06, 2013. Accepted for publication Feb 19, 2014.
doi: 10.3978/j.issn.2072-1439.2014.02.09
View this article at: http://www.jthoracdis.com/article/view/2339/2924

Introduction of pleural effusions remain undiagnosed (3). Although the

. . accuracy of Light’s criteria to identify pleural exudates is
Pleural effusion, a condition commonly encountered y & fyp

in respiratory medicine, is classified as transudative or
exudative based on criteria established by Light (1,2).
Among the most common causes of exudative pleural
effusion are tuberculosis, malignant tumors, parapneumonic
effusion, and connective tissue disease. The accurate
diagnosis of pleural effusion is challenging because even
after thoracocentesis and/or closed pleural biopsy, 25-40%
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very high, a recent review has described a relatively lower
specificity when applying these criteria (4). Recent reports
have shown that after a series of tests including chest CT,
bronchoscopy, experimental examination of hydrothorax
and exfoliative cytology, about 1/4 of exudative pleural
effusions were not diagnosed (5,6). Previously, such patients

were given antituberculosis treatment, and malignant
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pleural effusion was considered if there was no response to
the initial therapy. However, accurate diagnosis required
thoracotomy and video-assisted thoracoscopic surgery.
General anesthesia, significant trauma, high cost and high
risk are major disadvantages of these procedures. Medical
thoracoscopy is now increasingly used in the diagnosis and
treatment of pleural effusions following the availability of
video-assisted thoracoscopic equipment and improvements
in the clinical skills of respiratory physicians. Both rigid and
flexi-rigid thoracoscopy have been shown effective in the
diagnosis of pleural diseases.

Attempts to obtain a diagnosis for pleural effusion
usually involve fluid aspiration and analysis and closed-
needle biopsy specimens of the pleura. However, the results
of such procedures are often not satisfactory (7). Flexi-
rigid thoracoscopy has been available for clinical use in
China since 2004. This relatively new technique has the
advantages of requiring only local anaesthesia, ease of
operation, low cost, wide vision, reduced complication rates
and high patient tolerability. It has been used mainly for the
diagnosis and treatment of pleural effusions that could be
confirmed by the conventional methods (8,9). In particular,
it has a high diagnostic value for malignant pleural effusions
(10,11), and pleurodesis can be performed directly for
malignant pleural effusions with increasing pleural fluid.

The aim of this retrospective study of 215 patients was to
evaluate the effectiveness and safety of diagnostic flexi-rigid
thoracoscopy in differentiating exudative pleural effusions
of unknown etiology.

Materials and methods
Patients

A total of 215 patients with undiagnosed exudative pleural
effusion were consecutively recruited in the Department of
Respiratory Medicine, the First College of Clinical Medical
Science of China Three Gorges University and Yichang
Central People’s Hospital, China, between January 2011
and February 2013. The cohort included 118 males and 97
females, with a mean age of 46.5 years (range, 16-80 years).
The etiology had not been determined in any of the patients
after a series of evaluations including chest CT scan, fiber
bronchoscopy, laboratory examination of pleural effusions
and exfoliative cytology. Blind percutaneous pleural
biopsy was excluded because of its low diagnostic rate.
Light’s criteria and cholesterol determination in pleural
fluid were used to exclude transudative pleural effusions.
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Histopathology of caseating granulomas or microbiology
of acid-fast bacillus was used to make a diagnosis of
tuberculous pleurisy. Postoperative patients with unknown
etiology were registered and were entered into a strict
follow-up system.

Flexi-rigid thoracoscope and ancillary equipment

The flexi-rigid thoracoscope that was used (LTF-240,
Olympus Corporation, Tokyo, Japan) has a rigid shaft and a
flexible tip. Its accessories and ancillary equipment include
a light source (EVIS-240) and TV system, a flexible trocar,
biopsy forceps, closed thoracic drainage tubes and bottles.

Preoperative preparation

Preoperative examinations included routine complete blood
count, blood type, coagulation function, hepatic and renal
function and an electrocardiogram, which, combined with
the patient’s general condition, assessed the feasibility of the
procedure. All patients had a Karnofsky performance status
(KPS) >70, and patients with surgical contraindications
such as severe cardiopulmonary diseases were excluded.
Emergency measures such as endotracheal intubation
and cardiopulmonary resuscitation were prepared. Large
amounts of free pleural effusion could be directly located
with ultrasound; however, patients with small amounts of
pleural effusion (78 cases) required a preoperative artificial
pneumothorax. The edge of the capsule was chosen for tube
insertion in patients with an encapsulated pleural effusion.

Thoracoscopy and postoperative evaluation

The patients were positioned on their uninjured side
and were supplied with oxygen through a nasal catheter.
Preoperative treatment included intramuscular injection
of diazepam (10 mg) and tramadol (0.1). Insertion of the
thoracoscope through the chest wall was performed under
local anesthesia using 10 mL of 2% lidocaine. A 1-1.5 cm
transverse skin incision for tube insertion was made with
a scalpel parallel to the rib along the 5-7th intercostal
space, between the anterior axillary line and midaxillary
line. Blunt dissection proceeded from superficial fasciae to
parietal pleura to expose the pleural cavity. Then, a flexible
trocar was placed, and the flexi-rigid thoracoscope was
inserted into the pleural cavity. The visceral, parietal and
diaphragmatic pleura around the incision were inspected in
a medial, anterior, superior, posterior, lateral and inferior
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order. As much pleural fluid as possible was aspirated, and
a pleural biopsy was performed. Any fibrous adhesions or
pus mass, if present, was removed using biopsy forceps and a
freezing probe. If necessary, normal saline and iodophor were
used to wash the pleural cavity. At the end of the procedure,
a closed thoracic drainage tube was inserted and attached to
a closed drainage bottle. The optimal time of extubation was
determined according to the amount of fluid in the drainage
bottle. Intraoperative blood pressure, respiration, heart rate,
cardiac rhythm and blood oxygen saturation was monitored.
Postoperative treatments included ECG monitoring, oxygen
therapy and wound care. The tolerance to operation, surgical
complications and postoperative pathological diagnosis rate
were recorded precisely.

Results

Preoperative diagnoses included 105 cases of right pleural
effusion, 62 cases of left pleural effusion and 48 cases of
bilateral pleural effusions. Chest radiography and ultrasound
demonstrated large amounts of pleural effusion in 74 patients
and encapsulated pleural effusion in 45 patients. Bloody
pleural fluid was found in 117 of these patients, yellow
or grass-green pleural fluid in 97, and chocolate-colored,
turbid pleural fluid in one patient. Thoracoscopy and biopsy
was successfully performed in all of the patients, including
38 patients who had pleural adhesions. There were no severe
complications and the operative time averaged 35 min.

Thoracoscopic findings

Early tuberculous pleuritis was characterized by hyperemic,
edematous pleura with uniformly distributed white nodules
that were frequently seen in the costophrenic sinus. The
pleura become adhesive, encapsulated and fibrinous at
later stages. The appearance of metastatic pleural tumors
of the parietal pleura or diaphragm varied from a diffuse
infiltration to off-white nodules. Angiogenesis was observed
around the lesions, some of which were shaped like a
cauliflower. A single lesion was quite rare. Malignant
pleural mesothelioma was semitransparent, yellowish white
or claret-colored, smooth, sessile, with a ‘cluster of grapes’
appearance like multiple granulomas. The tumors were
occasionally widespread along the pleural surface, with
varied thickness, unclear boundaries and diffuse thickening.
One patient with tuberculosis complicated by pyothorax
presented with extensive, irregular, festering, pale nodules.
A single off-white nodule was observed in a patient with
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pulmonary schistosomiasis. Thoracoscopy revealed
glandular tissue hyperplasia on the costophrenic angle in a
patient with lymphoma (Figure I).

Pathological results of pleural biopsy

All of the patients were successfully taken a biopsy. There were
97 patients with malignant tumors. Adenocarcinoma occurred
in 43 of the patients, squamous carcinoma in 15, small cell
carcinoma in 19, malignant pleural mesothelioma in 16,
malignant lymphoma in one. Atypical malignant cells unable
to been accurately classified were seen in three patients.
A total of 91 patients were diagnosed with tuberculous
pleuritis by histopathology or microbiology. Chronic
inflammation and fibrinous pleuritis of histopathology were
considered as negative findings of semirigid thoracoscopy,
which was found in 25 patients and they had regular follow-
ups. Eleven of them were highly suspected and treated by
antituberculosis therapy. One patient was pathologically
confirmed to have tuberculosis complicated by empyema by
a pleural decortication. Pulmonary schistosomiasis occurred
in one patient, who had a positive reaction on a Paragonimus
antigen intradermal test. A definitive diagnosis could not be
made in 25 patients who had regular follow-ups. The total
diagnosis rate was 88.4% (190/215).

Complications

All the patients had stable vital signs intraoperatively.
Minimal to moderate hemorrhage observed at the biopsy
site did not require special treatment. Subcutaneous
emphysema occurred in ten cases postoperatively. The
patients had complete remission following conservative
treatments such as administration of oxygen. Six patients
without preoperative fever had an elevated temperature of
around 37.5-38.5 °C postoperatively. The body temperature
of these patients returned to normal within five days after
symptomatic treatments. There were no complications such
as aeroembolism, pleural reaction or wound infection.

Discussion

Our retrospective analysis showed that the diagnostic rate
of exudative pleural effusion with unknown etiology using
flexi-rigid thoracoscopy was approximate to 90%. All the
patients including the oldest one at 80 years of age were able
to undergo thoracoscopic surgery and pleural biopsy. This
confirmed the safety of the operation and its tolerance by
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Figure 1 Gross findings under thoracoscopy. (A) squamous carcinoma; (B) adenocarcinoma; (C) malignant mesothelioma; (D) tuberculosis;

(E) tuberculosis complicated by empyema; (F) pulmonary schistosomiasis.

patients. There were few surgical complications; ten cases
of subcutaneous emphysema and six cases of postoperative
fever among 215 patients. All were alleviated through
symptomatic treatments. There was strong relationship
between thoracoscopic appearance and primary disease
or tumor classification. In this study, 91 patients (42.3%)
were diagnosed with tuberculous pleuritis, and another
11 patients were considered to have tuberculosis because of
their clinical manifestations although chronic inflammation
was observed pathologically. The ADA values in tuberculous
pleural effusions were 34-86 U/L (median: 52 U/L).
"Tuberculous pleuritis occurred in patients of all ages, most
of which lacked the typical clinical symptoms of tuberculosis.
The thoracoscopic characteristics of tuberculous pleuritis
appeared as small nodules or wheat grain-like nodules with
extensively fibrotic adhesions. Some patients at an early
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stage of progression had the appearance of inflammation
such as hyperaemia and edema or a diffuse, single nodule
could be observed. Thoracoscopic decortication can be
applied directly to fibrotic tissue to avoid pleural adhesion
and hypertrophy. Pulmonary schistosomiasis occurred in
one patient, in whom a single white nodule was found on the
pleura microscopically. Thus, careful observation is required
for surgeons to find suspicious lesions and perform multi-site
and multi-point biopsies.

About half of these patients (97/215, 45.1%) with pleural
effusions of unknown etiology were finally diagnosed
with malignant pleural effusions, in which lung and breast
cancers were the most frequent. The lower part of pleural
cavity (e.g., the dome of the diaphragm and Harrison’s
groove) was often involved in malignant pleural metastasis.
Macroscopically, tumors had multiple nodules, and were
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often shaped like a cauliflower or a bunch of grapes. Close
attention should be paid when performing biopsies because
of the possibility of angiogenesis surrounding lesions.
Clinically, it was difficult to distinguish malignant pleural
mesothelioma and metastatic adenocarcinoma. Thus,
microscopic characteristics and immunohistochemistry were
used to identify them. Thoracoscopy had a high diagnostic
rate for malignant pleural effusions, and the small number
of false negative results usually occurred in cases of serious
pleural adhesions, early malignant mesothelioma and with
inexperienced operators. The latest fluorescence-assisted
thoracoscopy, when used in diagnosis and clinical staging
of malignant pleural disease, was shown to be superior
traditional thoracoscopy for detecting micrometastasis
lesions that were invisible to the naked eye (10). A recent
study indicated that the degree of pleural adhesion as seen
by thoracoscopy was an important predictor of survival time
of patients with malignant pleural effusions (12). There was
also a positive correlation between the degree of pleural
adhesion and prognosis (13). For repeatedly occurring
malignant pleural effusions, pleurodesis was a better choice,
with talc as an effective sclerosing agent (14,15). There was
no significant difference of effectiveness between spray or
perfusion application of talc. However, talc spray had a higher
probability of success for malignant pleural effusion induced
by primary lung or breast cancer (16,17). Patient tolerance
and safety were both acceptable for talc pleurodesis.

The flexi-rigid thoracoscopy has been designed to
combine the best features of rigid thoracoscope and flexible
bronchoscope with a proximal rigid shaft and a distal
flexible tip, and can be maneuvered akin to the flexible
bronchoscope. It has good sensitivity, excellent specificity
in diagnosis of exudative pleural effusion of undetermined
etiology and the capability to treat pleural diseases
directly. Compared with rigid thoracoscopy, flexi-rigid
thoracoscopy has several benefits like less need for analgesia
and sedation, minimal compression over the rib and the
underlying neural structures, easier maneuvering and less
complications. The disadvantage would be a smaller size
of biopsy tissue and the difficulty to obtain tissue from
fibrous pleura. Moreover, rigid thoracoscopy scores over
flexi-rigid thoracoscopy in adhesiolysis and management
of empyemas (18,19). Improved clinical techniques and
understanding of the surgical indications and tolerance of
patients allow for strict selection criteria and comprehensive
preoperative assessment to avoid, or reduce occurrence
of serious complications. Combining the guidelines with
experience, thoracoscopy can be performed to directly
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identify the etiology of pleural effusions, of which the most
likely are malignant pleural effusions (20). Once diagnosed
with malignant pleural effusions, the survival time of
patients is limited, with a poor prognosis. Early, standardized
treatment could help to improve the quality of life and extend
the survival time of such patients (21,22). For patients with
tuberculous pleural effusion diagnosed by thoracoscopy,
decisive application of corticosteroids, would promote the
regression of pleural effusion when antituberculosis treatment
was ineffective. Also, changing empiric antituberculosis
treatment to antituberculosis treatment after diagnosis was
beneficial to the decisive application of corticosteroids,
which would promote the regression of pleural effusion
when anti-tuberculosis treatment was ineffective. On the
other hand, complete aspiration of pleural fluid using flexi-
rigid thoracoscopy could reduce the production of fibrotic
adhesions and toxic symptoms. Elimination of fibrotic
adhesions in the pleural cavity could reduce the occurrence
of pleural hypertrophy and chest deformity.

Although the accuracy of Light’s criteria is very high,
a decrease in specificity has been noted when applying
these criteria. In our study, the concentration of pleural
fluid cholesterol >1.55 mmol/L was chosen as an exclusion
criterion to improve specificity, and still few transudate
pleural effusion cases were probably included in this
study (23). Also, for the patients definitively diagnosed
with malignant pleural effusions, systemic chemotherapy
or targeted therapy was the main choice considering the
patient’s tolerance. A small number of patients were given
postoperative intrapleural chemotherapy but not talc
pleurodesis under thoracoscope, which was considered in
our subsequent studies.

Conclusions

Diagnostic flexi-rigid thoracoscopy, with the guidance
role for primary disease, has the higher diagnosis rate
in differentiating exudative pleural effusion of unknown
etiology, and it is worthy to wider clinical use because of its
satisfactory effectiveness and safety.
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