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ABSTRACT

Introduction Pleural exudative effusions without
diagnosis after initial work up are a frequent problem in
any respiratory division. Several ways to obtain pleural
biopsy exist. Thoracoscopy is one of the most frequently
used. Differential diagnosis mainly exists out of malignant
pleuritis, tuberculosis, nonspecific pleuritis and rarely
systemic or autoimmune disease. We performed a
retrospective data analysis of our almost 10-year period
experience, the first Belgian data to be published.
Methods We performed a retrospective data analysis
of all patients with unexplained pleural exudates who
underwent diagnostic medical thoracoscopy under
general anaesthesia in our respiratory department during
the period 2006–2015. We report on diagnoses made,
sensitivity and specificity, safety of thoracoscopy and
follow-up of patients after thoracoscopy.
Results 131 patients underwent diagnostic medical
thoracoscopy during the inclusion period. 44.3% (n=58)
of the patients were diagnosed with malignant pleuritis,
45.0% (n=59) with nonspecific pleuritis, 7.6% (n=10)
with tuberculous pleuritis and some with other benign
conditions. Complications are comparable to other data
published. Six months follow-up of patients with non-
specific pleuritis reveal 8.5% (n=5) of these patients to
have malignant pleuritis, and another 8.5% (n=5) with
infectious or other benign conditions.
Conclusion Medical thoracoscopy under general
anaesthesia for diagnostic work up of pleural exudates of
unknown origin generally has a high diagnostic yield. It is
generally safe, certainly compared with the information
it delivers. During follow-up, minority of patients with
nonspecific pleuritis will prove to be malignant in origin,
benign or autoimmune disease related.

INTRODUCTION
The incidence of pleural effusions is around
320 per 100 000 per year in industrialised
countries,
representing
approximately
1.5 million new patients in the USA.1 Initial
work up (anamnesis, physical exam, ECG,
chest X-
ray, blood sample and thoracocentesis) can yield a diagnosis in up to 74% of
patients.2 3 So approximately one in four
effusions remains of unclear origin. Further

Key messages
What is already known on this topic
► Thoracoscopic pleural biopsy is proposed to be the

preferred way in the further workup of pleural exudates of unknown origin.

What this study adds
► This study provides the first Belgian data on this

subject. These national data confirm international
data on diagnostic yield and safety of diagnostic
thoracoscopy in pleural exudates.

How this study might affect research, practice
or policy
► This study consolidates the important role of thora-

coscopic pleural biopsy in work up of pleural exudates of unknown origin. It also provides very useful
information for everyday respiratory practice, for
example, in differential diagnosis and follow-up of
pleural exudates of unknown origin.

diagnostic procedures usually comprises
repeat thoracocentesis (which can yield an
extra 27% of diagnoses4) and pleural biopsy.
Pleural biopsy is most frequently performed
by thoracoscopy. The main advantage of
thoracoscopic biopsy is that a specimen of
the most abnormal pleural surface can be
examined. Second, when inspection shows
suspicion of malignancy, poudrage can be
performed. Diagnostic yield of thoracoscopy
has been reported to be up to 93%.5
This study represents our experience
during an almost 10-year period with diagnostic thoracoscopy in patients with pleural
exudates without a diagnosis after initial little
invasive evaluation.
METHODS
Patients
All patients referred for medical diagnostic
thoracoscopy in the Respiratory Division of
the University Hospital Brussel from 1 January
2006 to 31 August 2015 were included.
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Patient and public involvement
Since this study has a retrospective design, patients nor
the public were involved in the design.
Thoracoscopy procedure
All patients underwent general anaesthesia in the operating theatre, an experienced respiratory physician
performed the procedure. Patients were intubated with
a single lumen endotracheal tube with jet ventilation
during lung deflation. Patients were placed in lateral
decubitus, and after skin sterilisation blunt dissection was
used to insert the rigid thoracoscope at nipple height,
at the mid to anterior axillary line. Another opening
was made to insert the biopsy forceps. Pleural space was
inspected as completely as possible. Biopsies were taken
at the most suspicious changes of the parietal pleura, and
if the pleura seemed macroscopically normal, biopsies
were taken in the posterior costodiaphragmatic sinus.
At least four biopsies were sent for histological analysis,
direct exam (including acid fast staining) and culture
(including mycobacteria). Talc poudrage was performed
when malignancy was suspected, using 2 g of sterile talc.
Before wound closure a chest tube was inserted, and put
on suction afterwards. Daily chest X-ray was performed
until tube removal.
Data collection and statistical analysis
Data collection was done in a retrospective way, based
on the electronic patients files. We reviewed the files for
important medical history, smoking habits, exposure to
asbestos, number of diagnostic thoracocenteses or blind
pleural biopsies before thoracoscopy and complications.
Major complications were defined as needing intervention. Minor complications were defined as only needing
supervision or prolonged treatment that was already in
place.
The gold standard which we compared the diagnostic
yield of thoracoscopy with was defined as follow-up of
6 months or more, or until a specific disease was diagnosed. The medical files of our hospital were consulted,
and if follow-up was unavailable in our files, general practitioners were contacted by telephone, mail or email.
Length of stay was defined as the total days of hospitalisation in which the thoracoscopy took place, even if
patients were admitted through emergency department.
Initial thoracoscopic diagnoses were divided as follows:
malignancy, nonspecific pleuritis, mycobacterial infection, and other benign conditions. Malignant pleuritis
was diagnosed when histological exam showed malignant
2

Table 1

Patient population properties

Property

N or mean

%/SD

No
Male sex

131
77

58.8

Mean age (years)

65.6

14.1

History of malignancy

51

38.9

History of tuberculosis

6

4.6

Smoking history (n=118)

71

60.2

Mean pack years in smokers

29

29

Right sided pleural effusion

71

54.2

Mean number of paracentesis
Blind pleural biopsy

1.5
9

0.8
7.2

cells in pleural biopsy. Mycobacterial infection was
diagnosed when direct exam showed acid fast bacilli or
culture showed mycobacteria. Benign asbestos related
pleural effusion was diagnosed when pleural plaques
were diagnosed without arguments for malignancy and
no other diagnosis was withheld. Parapneumonic effusion or bacterial infection was diagnosed when pneumonia was present or pleural fluid or biopsy culture was
positive, no other disease was diagnosed and pleural effusion regressed after treatment.
Statistical analysis was done with IBM SPSS Statistics
V.23.0.0 for Mac OS. We calculated two sensitivities and
specificities, ‘minimal’ and ‘maximal’. ‘Minimal’ we
defined as supposing that all patients that had less than 6
months of follow-up got a new diagnosis afterwards, and
maximal as if they had not . For minimal sensitivities in
different diagnostic categories, we supposed they all got a
diagnosis in that category (eg, malignancy, mycobacterial
infection or other benign condition).

RESULTS
Patient population
During the inclusion period, 131 patients underwent
a diagnostic thoracoscopy. Patient characteristics are
summarised in table 1. Mean age was 65.6+−14.1 years,
58.8% were male. 60.2% were smokers (71 out of 118
patients, not recorded in 13 patients). All patients
had a blood analysis, ECG, chest X-ray. Mean number
of diagnostic thoracocentesis was 1.5±0.8 per patient,
and 9 patients underwent blind pleural biopsy before
thoracoscopy. Ultrasound was done when in doubt if
safe thoracocentesis could be performed. Chest CT was
frequently done, on discretion of the attending physician.
Significant medical history of the patient population is
presented in table 2. In 51 patients (38.9%) malignancy
was noted in the medical history, 6 patients (4.6%) had
been treated for tuberculosis. None had known autoimmune or systemic disease.
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Patients with an unexplained persisting pleural exudate,
deemed fit enough for thoracoscopy and in whom a
change in treatment could be expected, were referred.
Patients’ identification data were kept in a database. All
patients in the database were analysed, no patients were
excluded.
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Diagnosis
Malignancy

N

%

51

38.9

 Pulmonary malignancy

7

5.6

  
NSCLC

7

5.6

 Gynaecological malignancy

22

16.8

  
Breast carcinoma

20

15.3

  
Ovarian carcinoma

1

0.8

  
Cervical carcinoma

1

0.8

 Gastrointestinal malignancy

6

4.6

  
Oesophageal carcinoma

1

0.8

  
Gastric adenocarcinoma

2

1.5

  
Colonic carcinoma

3

2.3

 Various malignancies

13

9.8

  
Prostate carcinoma

4

3.1

  
Testis carcinoma

1

0.8

  Renal cell carcinoma

2

1.5

  
Lymphoma

3

2.3

  
Osteogenic sarcoma/leyomyosarcoma

2

1.5

  Thyroid hurtle cell carcinoma

1

0.8

 Multiple malignancies

3

2.3

  Breast and renal cell carcinoma

1

0.8

  Breast carcinoma and CML

1

0.8

  ENT spinocellular carcinoma and NSCLC

1

0.8

Autoimmune or systemic disease

0

0.0

Mycobacterial infection
No specific medical history
Total

6

4.6

74

56.5

131

100.0

All percentages are relative to the study population.
CML, chronic myeloid leukaemia; ENT, ear, nose and throat;
NSCLC, non-small-cell lung carcinoma.

Pleural biopsy results
The detailed results of the thoracoscopic pleural biopsies are summarised in figure 1. For reasons of simplicity,
figure 1 already contains diagnoses after follow-
up as
well. In 58 patients (44.3%) pleural biopsy showed malignancy. Primary pleural malignancy accounted for 25.9%
of these malignancies, and 74.1% metastatic cancers.
Main primary tumours were lung cancer (41.9%) and
gynaecological tumours (30.2)%. The remaining 27.9%
of metastatic pleural effusions are caused by various
tumours. In 59 patients (45.0%) nonspecific pleuritis was
diagnosed. Mycobacterial infection was diagnosed in 10
patients (7.6%) and other benign conditions were diagnosed in four cases (3.1%). These four cases existed out
of benign asbestos-related pleural effusion,2 and parapneumonic effusion.2

Diagnoses after follow-up of 6 months or more
In the 59 patients with nonspecific pleuritis, follow-up
showed a new diagnosis in 10 of them (16.9%). Of these
new diagnoses five effusions were malignant in origin
(50.0% of new diagnoses, 8.5% of 59 patients with initial
diagnosis of nonspecific pleuritis). Mesothelioma was
diagnosed by repeat thoracoscopy, metastatic ovarian and
renal cell cancer by repeat thoracocentesis fluid cytology,
cancer of unknown primary by CT-guided pleural biopsy,
and metastatic breast carcinoma on autopsy. One new
diagnosis was due to infection with m. tuberculosis (thus
10.0% of the new diagnoses, 1.7% of patients with initial
diagnosis of nonspecific pleuritis) and four effusions
were due to other benign disease (40.0% of the new diagnoses, 6.8% of patients with initial diagnosis of nonspecific pleuritis). These diagnoses existed of one due to
bacterial infection, three due to autoimmune or systemic
disease. In the remaining 49 patients without a new diagnosis, follow-up was less then 6 months in 15 patients.
In one of these patients, the effusion regressed, in five
it persisted. In the other nine patients, no information
was available. In the other 34 cases with follow-up of
more than 6 months (mean 46±32 months), the effusion
regressed in 22 patients, in 8 it persisted, in 4 patients no
information was available.
Statistical analysis
Sensitivities and specificities
General and specific sensitivities and specificities, negative and positive predictive values are shown in table 3.
General sensitivity for any diagnosis was minimally
80.9%, and 92.4%, maximally. Specificity was 100.0%
for all diagnoses. Sensitivity for diagnosing malignancy
was between 74.4%, and 92.1%, for mycobacterial infection between 38.5% and 90.9%, 0% for autoimmune or
systemic disease, and between 17.4% and 50.0% for other
benign conditions. Positive predictive value was 100.0%,
negative predictive value range was 57.6%–83.1%.
Safety
Median length of hospital stay was 4 days (IQR 3–14 days).
Complication data are presented in table 4. Major
complications were seen in six patients (4.6%), existing
of trapped lung and (wound or pleural) infection and
need for decortication (two), empyema with acute kidney
injury and single need of dialysis (one), hospital-acquired
pneumonia which needed transfer to ICU (one), deep
venous thrombosis of the right arm (one) and repeat
pneumothorax (one). Minor complications were seen
in two patients (1.5%), existing out of important subcutaneous emphysema (one) and transient haemoptysis
(one).
Mortality perioperatively was 0.0%, postoperative five
patients died (or 3.8%). Mean age of deceased patients
was 78 years old, with a mean stay of 19 days before thoracoscopy (general bad condition needing hospitalisation). Deaths were at postoperative day 2, 3, 5, 19 and
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Table 2 Medical history of the patient population:
malignancy, mycobacterial infection and autoimmune
disease
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23. Causes of death were aspiration or hospital-acquired
pneumonia and respiratory insufficiency not otherwise
specified.
DISCUSSION
Pleural effusion of unknown origin remains a frequent
problem, with important implications. Thoracoscopy is
frequently necessary, as well for diagnostic or therapeutic
reasons.
These data represent our experience of medical thoracoscopy in a period of almost 10 years, the first Belgian

data to be published to my knowledge. The amount of
patients is comparable to other studies.6–8
Out of 49 patients with nonspecific pleuritis 15 had
less than 6 months of follow-up, and thus, we calculated
a maximal and minimal sensitivity, as was done before in
another study.9 Due to the little number of some diagnoses
these parameters sometimes have a wide range, which
makes it impractical for daily use. However, we think the
sensitivity will be closer to the highest percentage, since
we do not expect all patients with incomplete follow-up
to have gotten a rare or missed diagnosis.

Table 3 General and specific sensitivities, positive and negative predictive values
Parameter

Minimal (%)

Calculated as

Maximal (%)

Calculated as

Specificity
Sensitivity

100.0

49/(49+0)

100.0

49/(49+0)

 General

80.9

(58+10+4+49–15)/131

92.4

(58+10+4+49)/131

 Malignancy

74.4

58/(58+5+15)

92.1

58/(58+5)

 Mycobacterial infection

38.5

10/(10+1+15)

90.9

10/(10+1)

 Other benign conditions

17.4

4/(4+4+15)

50.0

4/(4+4)

0.0

0/(0+3+15)

0.0

0/(0+3)

 Bacterial infection/parapneumonic

11.1

2/(2+1+15)

66.7

2/(2+1)

 Benign asbestos-related pleural effusion

11.7

2/(2+0+15)

100.0

2/(2+0)

100.0
57.6

72/72
(49−15)/59

100.0
83.1

72/72
49/59

 Autoimmune—systemic disease

Positive predictive value
Negative predictive value

4
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Figure 1 Diagnoses of thoracoscopic pleural biopsies, and after follow-up. Percentages are relative to the category above.
NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer; NHL, Non-Hodgkin Lymphoma; CUP, cancer of unknown
primary; NSC, non-small-cell; NSP, nonspecific pleuritis.
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Safety data

N

%

Mortality
 Peroperatively

5/131
0

3.8

 Same admission (postoperative day 2, 3, 5
5, 19, 23)
Major complication

6/131

 Trapped lung with empyema, needing
decortication and chronic dialysis

2

 Empyema, acute renal insufficiency and
dialysis once

1

4.6

 Trapped lung, persisting wound infection 1
and decortication
 Repetitive pneumothorax

1

 Pneumonia, needing ICU admission

1

Minor complication

2/131

 Important subcutaneous emphysema
 Transient haemoptysis

1
1

1.5

ICU, Intensive Care Unit.

Thoracoscopy was performed under general anaesthesia, so in this discussion we tried as much as possible
to compare to other studies in which thoracoscopy was
performed under general anaesthesia.
Sensitivity analysis
General sensitivity
General sensitivity in our data was between 80.9% and
92.4%. This is comparable to the sensitivity of 93% in
the recent meta-analysis of Wei et al, however, for local
anaesthesia thoracoscopy.7 Sensitivities for video assisted
thoracoscopy under general anaesthesia are, however, in
the same range or a little higher (ranging from 82.3% to
95.2%).8 10–12
Negative predictive value range is 57.6%–83.1% for any
diagnosis, which is comparable to 76% of McDonald et
al8 but probably a bit lower than 85%–90% in Menzies et
al.9 (95% CI 84% to 96% and 78% to 92%, depending on
possible diagnoses in patients lost to follow-up).
Specific sensitivities
Sensitivity for malignant pleuritis was high (92.0%), but
a little lower than in other studies (94.0%–95.0%).12 13
Sensitivity for mesothelioma in our study was a lot higher
than in the meta-analysis of Wei et al (93.3% vs 42.0%),
for unclear reasons (eg, percentage of mesothelioma
was even less than in Valsecchi et al6, which study was
however not included in the meta-analysis of Wei et al). It
is however comparable to 90.9% in Ferrer et al.13
The malignancies diagnosed during follow-
up were
one mesothelioma, two gynaecological cancers, one
primary renal cell cancer and one cancer of unknown
primary tumour. So, in our study, there seems to be no
specific primary cancer type that is missed frequently, in

contradiction with the data of several other studies, in
which frequently malignant mesothelioma or metastatic
pulmonary carcinoma were diagnosed.9 14–16
Sensitivity was 90.9% for tuberculous pleuritis, and
not 100% as in another study1 due to one missed case,
which was diagnosed with a thoracoscopic lung biopsy. In
a Turkish study, even after all patient got a closed pleural
biopsy first, also 1 case of tuberculosis was missed on
thoracoscopic pleural biopsy.17
Sensitivity for other benign conditions was very low,
as has also been described elsewhere.1 9 12 18 19 This
concerns most frequently patients with benign asbestos-
related pleural effusion, and autoimmune disease such as
systemic lupus erythematosus and rheumatoid arthritis.
This is probably due to aspecific histological findings in
these diseases, due to not well understood pathophysiology.20 Some diagnostic clues of these rare diseases are
described by Boutin et al and by Anevlavis et al.18 20
Diagnoses made on pleural biopsy
The 44.3% of patients with malignant pleuritis is in the
range of other studies (60.0%, 54.0%, 44.2%, 36.6%).8 9 12 17
Of course this also depends on previous diagnostic work
up before thoracoscopy (eg, imaging, number of thoracentesis, closed pleural biopsy), but also on your patient
population, and if the data were collected in TB-endemic
countries.21 We have a higher percentage of nonspecific
pleuritis compared with these other studies, and lower
percentage of other benign conditions. We however have
no empyema, haemothorax nor heart failure, which is
prevalent in some other studies.9 12 Neither do we have
(clinical) probable diagnoses, but only certain diagnoses,
and we categorised all these uncertain diagnoses as
nonspecific pleuritis.
Follow-up of non-specific pleuritis
In our study, in 59 patients with nonspecific pleuritis 5
(8.5%) were diagnosed with malignant pleuritis afterwards. This is practically the same as in a previous study
of our department with a mean follow-up of 32.9 months,
which showed 5 patients (8.3%) of malignancies diagnosed afterwards,16 2 of them being mesothelioma.
This is also comparable to two other studies, in
which both 5% of malignancy was diagnosed during
follow-up,14 15 however, in other studies up to 25% of
malignancy was found,22 23 in the latter after a mean
period of 6 months. In another study in a tertiary referral
hospital with high incidence of mesothelioma 12%
showed to have malignant pleural effusion, all of them
mesothelioma related, and mean follow-up until diagnosis was 9.8 (±4.6) months.24 In another study in which
86 patients were followed up for approximately 5 years,
3.5% patients showed to have malignancy within the first
year of follow-up, all of them mesothelioma.25 Janssen
et al found 14.9% malignant pleuritis, diagnosed after a
mean follow-up of 8.7 months, almost 1 in three being
mesothelioma.
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Table 4 Safety data
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Safety
Median length of stay was 4 days, which is 1 day longer
than the study of McDonald et al.8 However, in their study,
patients admitted more then 2 days before thoracoscopy
were excluded from analysis of length of stay, which was
not the case in our data set. Since the IQR is from 3 tot
14 days, the rather long median length of stay seems to
have been caused by a minority of patients with unusual
long length of stay.
Mortality in our study was 3.8%, with a mean age
78 years, and all of these patients were admitted urgently
before diagnosis of pleural effusion. According to the
standards of the British Thoracic Society and the Society
of Cardiothoracic Surgeons in Great Britain and Ireland
(BTS/SCTS) mortality should be less than 1.6%. As two
of five deceased patients died on postoperative day 19
and 23, one could argue if this due to thoracoscopy, and
it seems mortality in our study was not only due to the
thoracoscopic procedure, but also due to underlying
disease and general weak condition.10 In Harris et al,
mortality was 6% during hospitalisation.12
Major complication rate in our study was 4.6%, which
is higher than the standards of BTS/SCTS (<2%).10
However, in other studies, major complication rates
ranged from 1.9% to 15.0%.5 8 12 26 Definition of major
and minor complications is not always clearly stated and
can be different between studies. Also, it is not always
noted if (and which proportion of) patients are hospitalised electively or urgently because of symptoms. The
latter could indicate a worse general condition. These
two reasons make it difficult to compare complication
rates.
6

Minor complication rate was 1.5%, which is a lot less
than reported in the studies of Colt and Harris et al (5.7%
and 8.0%, respectively).5 12
Strengths and limitations
Our data collection was performed retrospectively from a
single tertiary centre. Given the retrospective nature, we
relied on data in the patients’ files, with the inherent limitations. Follow-up was 6 months, after which we possibly
missed some diagnoses. We also have some patients
lost to follow-up, generating statistical uncertainty. The
number of patients included is not very big, but certainly
comparable to other studies. We have no probable diagnoses, only certain diagnoses, which makes our data
more robust than some other studies.
Generalisability
This is a single-centre study, performed by an experienced respiratory physician during a period of almost
10 years. Although this certainly limits generalisability,
given the data are comparable to studies in multiple
other countries, we think these results should be rather
generalisable in the same setting and region.
CONCLUSION
Pleural effusion without diagnosis after initial evaluation
is a frequent problem in a respiratory division, for which
thoracoscopic pleural biopsy is regularly necessary. Our
data, which are the first Belgian data published, represent our experience with medical thoracoscopy. These
data are comparable to other studies, as well in diagnostic
yield, in diagnoses made, and safety data. Medical thoracoscopy has a high diagnostic yield, and is generally safe,
certainly compared with the diagnostic and therapeutic
importance. If malignant pleuritis is diagnosed after
a diagnosis of nonspecific pleuritis, usually it is within
1 year, rarely within 2 years. Follow-up after diagnosis of
nonspecific pleuritis should preferably be 2 years.
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The high percentage of mesothelioma is again contradictory to our data, in which we found multiple types of
metastatic cancers, and no majority of mesothelioma.
We chose a 6-
month period of follow-
up, which,
comparing to other studies, might have been short and
it is possible we missed some malignancies. This decision
was made because of the retrospective nature of our study,
and for a longer period of follow-up ranges of sensitivities
would have been even bigger (more loss to follow-up).
However, our percentage of malignancy is almost exactly
the same as in Venekamp et al, in which the follow-up
was almost 33 months, and certainly comparable to some
of the studies mentioned above. Most malignancies are
diagnosed within 1 year after thoracoscopy, and rarely
later. Number needed to detect one malignancy during
the first year after thoracoscopy was calculated as 18, and
afterwards 250.15 17 25
In our data persisting pleural effusion was seen in
26.5% (another 9 patients loss to follow-up), and in 22
of 34 patients with follow-up of more than 6 months the
effusion regressed, (mean time of 7 months). In two
other studies, persistence or reappearance ranged from
12.5% to 16.7%.14 16

Open access

REFERENCES

1 Bhatnagar R, Maskell N. The modern diagnosis and management of
pleural effusions. BMJ 2015;351:h4520.
2 Light RW, Macgregor MI, Luchsinger PC, et al. Pleural effusions: the
diagnostic separation of transudates and exudates. Ann Intern Med
1972;77:507–13.
3 Collins TR, Sahn SA. Thoracocentesis. clinical value, complications,
technical problems, and patient experience. Chest 1987;91:817–22.
4 Garcia LW, Ducatman BS, Wang HH. The value of multiple fluid
specimens in the cytological diagnosis of malignancy. Mod Pathol
1994;7:665–8.
5 Colt HG. Thoracoscopy. Chest 1995;108:324–9.
6 Valsecchi A, Arondi S, Marchetti G. Medical thoracoscopy: analysis
on diagnostic yield through 30 years of experience. Ann Thorac Med
2016;11:177.
7 Wei Y, Shen K, Lv T, et al. Comparison between closed pleural
biopsy and medical thoracoscopy for the diagnosis of undiagnosed
exudative pleural effusions: a systematic review and meta-analysis.
Transl Lung Cancer Res 2020;9:446–58.
8 McDonald CM, Pierre C, de Perrot M, et al. Efficacy and cost of
awake thoracoscopy and video-assisted thoracoscopic surgery in
the undiagnosed pleural effusion. Ann Thorac Surg 2018;106:361–7.
9 Menzies R, Charbonneau M. Thoracoscopy for the diagnosis of
pleural disease. Ann Intern Med 1991;114:271–6.
10 Medford ARL, Awan YM, Marchbank A, et al. Diagnostic and
therapeutic performance of video-assisted thoracoscopic surgery
(VATS) in investigation and management of pleural exudates. Ann R
Coll Surg Engl 2008;90:597–600.
11 Ali MS, Light RW, Maldonado F. Pleuroscopy or video-assisted
thoracoscopic surgery for exudative pleural effusion: a comparative
overview. J Thorac Dis 2019;11:3207–16.
12 Harris RJ, Kavuru MS, Mehta AC, et al. The impact of thoracoscopy
on the management of pleural disease. Chest 1995;107:845–52.

13 Ferrer J, Roldán J, Teixidor J, et al. Predictors of pleural malignancy
in patients with pleural effusion undergoing thoracoscopy. Chest
2005;127:1017–22.
14 Ferrer JS, Muñoz XG, Orriols RM, et al. Evolution of idiopathic
pleural effusion: a prospective, long-term follow-up study. Chest
1996;109:1508–13.
15 Reuter SB, Clementsen PF, Bodtger U. Incidence of malignancy
and survival in patients with idiopathic pleuritis. J Thorac Dis
2019;11:386–92.
16 Venekamp LN, Velkeniers B, Noppen M. Does 'idiopathic pleuritis'
exist? Natural history of non-specific pleuritis diagnosed after
thoracoscopy. Respiration 2005;72:74–8.
17 Arkin FS, Kutluk AC, Gorgun D, et al. The diagnostic role of video-
assisted thoracoscopic surgery in exudative pleural effusion and
follow-up results in patients with nonspecific pleuritis. J Pak Med
Assoc 2019;69:1103–7.
18 Boutin C, Astoul P, Seitz B. The role of thoracoscopy in the
evaluation and management of pleural effusions. Lung 1990;168
Suppl:1113–21.
19 Hucker J, Bhatnagar NK, al-Jilaihawi AN, et al. Thoracoscopy in
the diagnosis and management of recurrent pleural effusions. Ann
Thorac Surg 1991;52:1145–7.
20 Anevlavis S, Tzouvelekis A, Bouros D. Mechanisms of pleural
involvement in orphan diseases. Respiration 2012;83:5–12.
21 Beheshtirouy S, Kakaei F, Mirzaaghazadeh M. Video Assisted Rigid
Thoracoscopy in the Diagnosis of Unexplained Exudative Pleural
Effusion. Journal of Cardiovascular and Thoracic Research; ISSN
2008-6830 [Internet], 2013. Available: http://jcvtr.tbzmed.ac.ir/
common/files_pdf/2013-10-12-15-16-16.pdf [Accessed 21 Jul
2019].
22 Metintas M, Ak G, Cadirci O, et al. Outcome of patients diagnosed
with fibrinous pleuritis after medical thoracoscopy. Respir Med
2012;106:1177–83.
23 Ryan CJ, Rodgers RF, Unni KK, et al. The outcome of patients with
pleural effusion of indeterminate cause at thoracotomy. Mayo Clin
Proc 1981;56:145–9.
24 Davies HE, Nicholson JE, Rahman NM, et al. Outcome of patients
with nonspecific pleuritis/fibrosis on thoracoscopic pleural biopsies.
Eur J Cardiothorac Surg 2010;38:472–7.
25 DePew ZS, Verma A, Wigle D, et al. Nonspecific pleuritis: optimal
duration of follow-up. Ann Thorac Surg 2014;97:1867–71.
26 Imperatori A, Rotolo N, Gatti M, et al. Peri-Operative complications
of video-assisted thoracoscopic surgery (VATS). Int J Surg
2008;6:S78–81.

Deschuyteneer EP, De Keukeleire T. BMJ Open Resp Res 2022;9:e001161. doi:10.1136/bmjresp-2021-001161

7

BMJ Open Resp Res: first published as 10.1136/bmjresp-2021-001161 on 11 March 2022. Downloaded from http://bmjopenrespres.bmj.com/ on July 2, 2022 by guest. Protected by
copyright.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

