
Abstract. Background/Aim: Although surgical thoracoscopy
is recommended in the diagnosis of malignant pleural
mesothelioma (MPM), the invasiveness of this procedure is of
strong concern. Our review aimed to evaluate the accuracies of
medical thoracoscopy (MT), computed tomography (CT)-guided
biopsy, and ultrasound (US)-guided biopsy in the diagnosis of
MPM among patients with pleural effusion. Materials and
Methods: We searched the MEDLINE, Embase, Central, and
International Clinical Trials Registry Platform databases for
studies evaluating the diagnostic accuracy of at least one of the
biopsy procedures among patients with pleural effusion of
unknown aetiology who had undergone thoracentesis and/or
blind biopsy. A hierarchical summary receiver operating curve
was created for MT. Results: Following full-text screening, 15
studies were included. MT studies had a high risk of bias and
low applicability concern; however, hierarchical summary
receiver operating curve revealed that MT had a high
sensitivity. Conclusion: MT might be a useful rule-in test for
guiding the use of more invasive diagnostic procedures.

Malignant pleural mesothelioma (MPM) is a rare malignancy,
although its global incidence has increased during the 21st

century (1). Approximately 70% of MPM patients present with
pleural effusion (2); however, diagnosing MPM is difficult and
the definitive diagnosis should not be based on cytology alone,
given its very low sensitivity (3). Thus, in cases of suspected
MPM, pleural biopsy is recommended to collect large samples
from the area of concern (4-6). There are six techniques for
pleural biopsy: i) open biopsy, ii) surgical thoracoscopy, iii)
medical thoracoscopy (MT), iv) computed tomography (CT)-
guided biopsy, v) ultrasound (US)-guided biopsy, and vi) blind
biopsy. Although various national guidelines prefer surgical
thoracoscopic biopsy, this procedure is highly invasive and must
be performed under general anaesthesia (4-6). To this end, it
would be useful to have a sensitive and less invasive rule-in test
that could guide the use of more invasive diagnostic procedures.

Metintus et al., have performed head-to-head comparisons
between CT-guided biopsy, MT, and US-guided biopsy for
evaluating the cause of pleural effusion, and have recommended
CT-guided biopsy based on its less invasive nature and high
diagnostic accuracy (7, 8). Unfortunately, the sample size of these
studies are small and non-significant results from other
superiority trials were not optimal for selecting the most
appropriate alternative to surgical thoracoscopy (9). Furthermore,
the small proportion of MPM cases (27%) indicates that the
results regarding diagnostic accuracy are not specific to MPM (7,
8). For these reasons, this systematic review aimed to evaluate
the diagnostic accuracy of three different biopsy procedures: i)
MT, ii) CT-guided biopsy, and iii) US-guided biopsy, in an
attempt to identify the ideal rule-in procedure to guide the use of
subsequent surgical thoracoscopy in cases with suspected MPM.

Materials and Μethods

Study registration. This systematic review was pre-registered in the
International Prospective Register of Systematic Reviews (CRD42020
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163686). Although, we had initially planned a network meta-analysis
of diagnostic test accuracy, the protocol was simplified to a systematic
review of each procedure, given the small number of head-to-head
studies. The systematic review was based on the Preferred Reporting
Items for Systematic Review and Meta-Analyses guidelines (10). The
details of the study protocol are uploaded elsewhere
(https://github.com/AkihiroShiroshita/Malignant-mesothelioma-
Supplement).

Study design. We performed a comprehensive search of the
MEDLINE, Embase, Central, and International Clinical Trials
Registry Platform databases for studies published until January 30,
2020. There were no restrictions regarding the language or earliest
publication year. The search strategy included the terms related to
the index tests: i) MT, ii) CT-guided biopsy, and iii) US-guided
biopsy, and iv) the target condition (MPM). Potentially relevant
articles were also selected via the Web of Science and reference lists
of the identified reports. Title and abstract screening were performed
independently by AS and MK. The inclusion criteria were: i)
prospective and ii) retrospective observational studies, iii) case-
control studies, and iv) case series that evaluated the diagnostic
accuracies of the three biopsy procedures for detecting MPM among
patients with pleural effusion of unknown aetiology, who had
undergone thoracentesis and/or blind biopsy. Although fluid
accumulation is not required for CT- and US-guided biopsies, it is
usually required for MT (9). Thus, we restricted the analyses to
patients with pleural effusion to ensure that diagnostic accuracies
were evaluated in comparable patient populations. The reference
standard was the final diagnosis based on follow-up and/or

additional biopsies, including surgical thoracoscopy or other
procedures. The exclusion criteria were as follows: i) case reports,
reviews, and other studies that used animal models, ii) studies that
only included biopsies that did not involve the pleura, iii) studies
that did not assess the MPM-specific diagnostic accuracy, and iv)
studies that only evaluated the diagnostic yield and did not require
further assessment for undiagnosed patients.

Data extraction and statistical analysis. Following title and abstract
screening, full-text screening was independently performed by AS
and MK to identify eligible studies. Data were extracted from the
eligible studies regarding i) patient demographic characteristics, ii)
study protocol, and iii) the numbers of true positive, false positive,
false negative, and true negative results. AS and MK assessed the
methodological quality of the included articles using the Quality
Assessment of Diagnostic Accuracy Studies-2 tool (11). A forest
plot was created for each biopsy procedure and a hierarchical
summary receiver operating characteristic curve was generated for
medical thoracoscopy. Since the number of false positive cases was
zero, we added one to each false positive number to calculate the
bivariate model parameters. Finally, we summarized our systematic
review in Table I (12).

All statistical analyses were performed by AS using the STATA
15 software (STATA Corp. College Station, TX, USA) and RevMan
v5.4.1 software (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark). The results were double-
checked by KY. During the whole review process, any
disagreements between AS and MK were resolved via discussion or
consultation with YK.
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Table I. Summary of the findings. Sensitivity and specificity values were reported as the point estimates and 95% confidence intervals.

Study aim                            What is the diagnostic accuracy of the three pleural biopsy techniques (medical thoracoscopy, computed 
                                            tomography-guided biopsy, and ultrasound-guided biopsy) for detecting malignant pleural mesothelioma in 
                                            patients with pleural effusion and suspected malignant pleural mesothelioma?
Cohort                                 Patients with pleural effusion of unknown aetiology who underwent thoracentesis or blind pleural biopsy 
Index test                            Medical thoracoscopy, computed tomography-guided biopsy, and ultrasound-guided biopsy
Target condition                 Malignant pleural mesothelioma
Reference standard             Pathological diagnosis based on the index test or other pleural biopsies and the follow-up period
Setting                                 Specialized hospitals that performed medical thoracoscopy
Role of the test                   If sensitivity is high, the index tests spare the patient from undergoing surgical thoracoscopy
Findings                              Medical thoracoscopy had high diagnostic accuracy, although diagnostic accuracy could not be evaluated for 
                                            computed tomography-guided biopsy and ultrasound-guided biopsy 

Medical thoracoscopy

13 studies with 1,595 patients (95% CI)      Sensitivity: 50%-100% (1%-100%)     High risk of bias (unblinded and non-prespecified interpretation 
                                                                        Specificity: 100% (75%-100%)            of pathology) and low concerns regarding applicability

Computed tomography-guided biopsy

2 studies with 85 patients (95% CI)             Sensitivity: 80%-88% (47%-100%)     High risk of bias (unblinded and not-prespecified interpretation
                                                                        Specificity: 100% (78%-100%)            of pathology) and low concerns regarding applicability

Ultrasound-guided biopsy

1 study with 30 patients (95% CI)                Sensitivity: 40% (12%-74%)                Unclear risk of bias and low concerns regarding applicability
                                                                        Specificity: 100% (83%-100%)

CI: Confidence interval.



Results
Our search identified 3,206 studies, and a thorough review of
the reference lists identified 49 additional studies. Following
the removal of duplicates, the titles and abstracts were screened
for 2,523 studies, and 133 studies were selected for full-text
screening. Of these, 15 studies were ultimately included in the
systematic review, with 13 studies regarding MT (7, 13-24), 2
studies regarding CT-guided biopsy (7, 25), and 1 study
regarding US-guided biopsy (26). Figure 1 illustrates the study
selection process. Reasons of exclusion are summarized in the
supplementary file (https://github.com/AkihiroShiroshita/
Malignant-mesothelioma-Supplement).

The characteristics of the studies are summarized in Table
II, while Table III shows the detailed information regarding the
index tests and reference standards. All the included studies
were conducted at a single center and targeted patients with
pleural effusion of unknown aetiology who underwent at least
thoracentesis or blind biopsy, regardless of pleural nodularity
or asbestos exposure. The report by Lee et al., is a meeting
abstract and only Metintas et al., have performed a head-to-
head comparison of the different modalities (7, 26). In addition,
only Maskell et al., have followed up the patients after the
index test (CT-guided biopsy) to reach a final diagnosis (25).
The modified Quality Assessment of Diagnostic Accuracy

Studies-2 tool revealed a high risk of bias regarding the index
test and reference standard for the studies involving medical
thoracoscopy and CT-guided biopsy due to unblinded
histological evaluation of the biopsy samples and non-
predefined pathological criteria for diagnosing MPM. The risk
of bias is unclear for the study regarding the US-guided biopsy
by Lee et al., (26) as we were unable to collect the relevant
data about the various domains. The detailed information about
the quality assessment is summarized in the supplementary file
(h t tps : / /g i thub.com/Akihi roShiroshi ta /Mal ignant-
mesothelioma-Supplement).

The forest plot for MT revealed a low amount of
heterogeneity in the sensitivity findings and all reports
revealed 100% specificity (Figure 2). Given that most
included studies focused on MT, we constructed a
hierarchical summary receiver operating characteristic curve,
which revealed a high sensitivity of this particular procedure
(Figure 3). CT- and US-guided biopsies had insufficient
information to evaluate. Table III summarizes the findings of
our systematic review.

Discussion
This systematic review revealed that MT has a high
sensitivity for detecting MPM among patients with pleural
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Figure 1. Study selection flow chart. The flow chart shows the inclusion and exclusion criteria and is in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. ICTRP: International Clinical Trials Registry Platform; CT: computed
tomography, US: ultrasound.
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Table II. Study characteristics.

Study                                    Country                           Study design                                    Exclusions                      Number of      Age (SD)        Men 
                                                                                                                                                                                        patients         or (range)         (%)

Studies regarding medical thoracoscopy

Davidson 1988 (13)      United Kingdom        Retrospective cohort study     Patients unable to lie comfortably         30                   NA              NA
                                                                                                                                 without respiratory distress
Wilsher 1998 (14)           New Zealand           Retrospective cohort study                             None                                 58             63 (41-85)      51 (88)
Simpson 2006 (15)             Australia              Retrospective cohort study                             None                                 89                   NA              NA
Lee 2007 (16)                  United States             Prospective cohort study                               None                                 51             53 (45-67)      20 (39)
Munawar 2007 (17)      United Kingdom          Prospective cohort study         Patients with highly suspicious           56           68.5 (20-90)    37 (66)
                                                                                                                                     pleural fluid cytology
Law 2008 (18)                  Hong Kong              Prospective cohort study            Para-pneumonic effusion or              15                63 (13)        16 (80)
                                                                                                                            empyema, pulmonary embolism, 
                                                                                                                                pulmonary fibrosis, unstable 
                                                                                                                                            cardiopulmonary status, 
                                                                                                                                         respiratory failure requiring 
                                                                                                                                              mechanical ventilation
Ishida 2009 (19)                     Japan                   Prospective cohort study            Inability to tolerate medical              45                 74 (7)         34 (76)
                                                                                                                                  thoracoscopy under local 
                                                                                                                               anaesthesia (inadequate lung 
                                                                                                                           function parameters, uncontrolled 
                                                                                                                                    bleeding tendency, and 
                                                                                                                                       severe heart failure)
Thangakunam 2009 (20)        India                  Retrospective cohort study              Intolerance hypoxemia                  18                   NA              NA
                                                                                                                               unrelated to pleural effusion, 
                                                                                                                             unstable Cardiovascular status, 
                                                                                                                             bleeding diathesis or refractory 
                                                                                                                                cough, lack of pleural space 
                                                                                                                                         due to adhesions
Metintas 2010 (7)                 Turkey                  Randomized control trial             Patients <18 or >85 years                62                61 (14)        33 (53)
                                                                                                                                 old, pleural thickening or a 
                                                                                                                                 pleural-based mass without 
                                                                                                                          pleural effusion in the radiological 
                                                                                                                                  investigation, presence of 
                                                                                                                               parapneumonic effusion, any 
                                                                                                                          contraindication for pleural biopsy 
                                                                                                                          or medical thoracoscopy, any other 
                                                                                                                                 systemic disease that could 
                                                                                                                                        affect the CT scan
Mohan 2010 (21)          United Kingdom        Retrospective cohort study            Patients with unexplained               171                  NA              NA
                                                                                                                             pleural effusion who underwent 
                                                                                                                                 medical thoracoscopy after 
                                                                                                                                   needle pleural aspiration
Willendrup 2014 (22)         Denmark              Retrospective cohort study                             None                                 56             70 (46-85)         NA
Rozman 2014 (23)              Slovenia                 Prospective cohort study        Uncontrolled bleeding tendency,         111            65 (28-86)      95 (87)
                                                                                                                              unstable cardiovascular status, 
                                                                                                                                severe heart failure, Eastern 
                                                                                                                               Cooperative Oncology Group
                                                                                                                           performance status of 5, persistent 
                                                                                                                                hypoxemia after evacuation 
                                                                                                                                        of the pleural fluid
Xu 2018 (24)                         China                 Retrospective cohort study                             None                                833            62 (40-78)      20 (50)

Studies regarding computed tomography-guided biopsy

Maskell 2003 (25)        United Kingdom         Randomized control trial             Bilateral pleural effusions,               23                   NA              NA
                                                                                                                               transudative pleural effusions
                                                                                                                             (pleural fluid protein <35 g/dl) 
                                                                                                                             associated with heart failure or 

Table II. Continued
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Table II. Continued

Study                                    Country                           Study design                                    Exclusions                      Number of      Age (SD)        Men 
                                                                                                                                                                                        patients         or (range)         (%)

                                                                                                                         hypoalbuminemia, any pleural fluid 
                                                                                                                              cytological finding of definite
                                                                                                                              malignant cells, any bleeding 
                                                                                                                                        diathesis sufficient 
                                                                                                                            to make pleural biopsy unusually 
                                                                                                                                 hazardous, inability to give 
                                                                                                                          informed consent, age of ≥18 years
Metintas 2010 (7)                 Turkey                  Randomized control trial          Patients <18 or >85 years old,            62                61 (15)        39 (63)
                                                                                                                         pleural thickening or a pleural-based 
                                                                                                                         mass without pleural effusion in the
                                                                                                                         radiological investigation, presence 
                                                                                                                             of parapneumonic effusion, any 
                                                                                                                                contraindication for pleural 
                                                                                                                            biopsy or medical thoracoscopy, 
                                                                                                                             any other systemic disease that 
                                                                                                                                   could affect the CT scan

Studies regarding ultrasound-guided biopsy

Lee 2011 (26)               United Kingdom          Prospective cohort study                                NA                                   30                   NA              NA

SD: Standard deviation; NA: not available; CT: computed tomography.

Figure 2. Forest plots of sensitivity and specificity in each study. Studies about medical thoracoscopy presented a high sensitivity for the diagnosis
of malignant pleural mesothelioma. Although the number of studies about computed tomography-guided biopsy and ultrasound-guided biopsy was
small, they reported low sensitivity. TP: True positive; FP: false positive; FN: false negative; TN: true negative; CI: confidence interval.



effusion of unknown aetiology. However, the small number
of included studies made it difficult to precisely evaluate the
diagnostic accuracies of CT- and US-guided biopsies.
Additionally, there are concerns regarding a high risk of bias
due to unblinded histological evaluations and a lack of
predefined pathological diagnostic criteria.

Our results indicate that MT could be a useful rule-in test
for guiding the use of surgical thoracoscopy among patients

with suspected MPM with pleural effusion of unclear
aetiology. Most of the included studies indicate that MT
provides >90% sensitivity, which is comparable to the
reported sensitivity of surgical biopsy (Point Estimate=94%,
95% Confidence Interval=73-100 %) (7). A previous
systematic review has also indicated that MT provides high
sensitivity for determining the aetiology of exudative pleural
effusion (27); however, lung and breast cancers are the major
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Table III. Index tests and reference standard.

Study                                     Methodology                                                                                     Reference standard when the index test did not 
                                                                                                                                                         facilitate a diagnosis

Studies regarding medical thoracoscopy

Davidson 1988 (13)             Rigid thoracoscope (a forward-looking Storz thoracoscope)        Thoracoscopy and the subsequent clinical course
                                              or fibreoptic bronchoscope (Pentax FB 19H)
                                              
Wilsher 1998 (14)                Rigid Storz thoracoscope                                                                 Cytology, autopsy, or further aspiration of pleural 
                                                                                                                                                         fluid, and ≥6 months of follow-up
Simpson 2006 (15)              NA                                                                                                     A later review of the pathology findings 
                                                                                                                                                         and clinical course
Lee 2007 (16)                       Pleuroscope (LTF 160 or 240, Olympus, Tokyo, Japan)                Video-assisted thoracoscopy or ≥1 year of follow-up
Munawar 2007 (17)             Prototype semirigid thoracoscopy (LTF-160Y1;                            Transbronchial needle biopsy, video-assisted
                                              Olympus, Tokyo, Japan; supplied by Olympus KeyMed UK,      thoracoscopy or thoracotomy, and the subsequent 
                                              Southend-on-Sea, UK) and FB-240K oval fenestrated biopsy      clinical course
                                              forceps (Olympus)                                                                            
Law 2008 (18)                      Semirigid thoracoscopy (LTF-160, Olympus, Tokyo, Japan)         Ultrasound-guided pleural biopsy or follow-up until 
                                                                                                                                                         the submission of the manuscript
Ishida 2009 (19)                   Pleuroscope (LTF 240, Olympus, Tokyo, Japan)                            Thoracotomy or 6 months of follow-up
Thangakunam 2010 (20)     Pleuroscope (LTF 160, Olympus)                                                    Clinical diagnosis, including computed 
                                                                                                                                                         tomography-guided biopsy
Metintas 2010 (7)                 Rigid thoracoscope (Karl Storz; Tuttlingen, Germany)                  Another modality or repeated medical thoracoscopy 
                                                                                                                                                         or 12-months follow-up
Mohan 2010 (21)                 Prototype semirigid thoracoscope (LTF-160Y1; Olympus,           Computed tomography-guided biopsy, video-assisted
                                              Tokyo, Japan) and FB-240 K oval fenestrated biopsy                   thoracoscopic surgery, mediastinoscopy, or open 
                                              forceps (Olympus)                                                                            thoracotomy after discussion in the Lung Cancer 
                                                                                                                                                         Multidisciplinary Conference
Willendrup 2014 (22)          Olympus LTF-160 autoclavable semirigid thoracoscope               Further investigation such as repeated medical 
                                              (Olympus, Tokyo, Japan) and flexible FB-55CR-1 Olympus       thoracoscopy and video-assisted thoracoscopy
                                              forceps with cusps (outer diameter: 2.4 mm, length: 3.6 m)
Rozman 2014 (23)               Olympus LTF-160 autoclavable semirigid thoracoscope               Medical or surgical thoracoscopy. Non-specific 
                                              (Olympus, Tokyo, Japan) and flexible FB-55CR-1 Olympus       pleuritis was accepted as the final diagnosis 
                                              forceps with cusps (outer diameter: 2.4 mm, length: 3.6 m)         after 12 months of follow-up
Xu 2018 (24)                        NA                                                                                                     Second medical thoracoscopy, percutaneous needle 
                                                                                                                                                         lung biopsy or thoracotomy, and follow-up until death 
                                                                                                                                                         Studies regarding computed tomography-guided biopsy
Maskell 2003 (25)                18-gauge needle (Biopsy TM AB, Radiplast, Sweden)                  Further needle biopsy or thoracoscopy 
                                                                                                                                                         and ≥1 year of follow-up
Metintas 2010 (7)                 Abrams needle biopsy                                                                      Medical thoracoscopy or diagnostic thoracotomy. 
                                                                                                                                                         A minimum 12-month follow-up period for patients 
                                                                                                                                                         with asbestos-related benign pleural disease, 
                                                                                                                                                         tuberculosis, or non-tuberculous benign causes 

Studies regarding ultrasound-guided biopsy

Lee 2011 (26)                       Temno Evolution cutting needle biopsy                                          Video-assisted thoracoscopy

NA: Not available.



causes of malignant pleural effusion (28, 29). Thus, the
diagnosis of MPM remains challenging and should be based
on an adequate tissue specimen (30). In this context, medical
thoracoscopy allows direct visualization and biopsy of the
pleura under local anaesthesia, which could explain its high
sensitivity. 

Even though we were unable to clarify the diagnostic
accuracies of CT- or US-guided biopsies, these tend to be
selected for patients with little or no pleural effusion, as they
reduce the risk of organ damage related to trocar insertion
(9). Furthermore, sedation is not required for any of these
procedures, and they are considered more accessible
compared to MT. Nevertheless, these techniques might have
a low sensitivity for detecting MPM among patients with

pleural effusion. Further head-to-head trials are needed to
address this issue, as we were unable to perform a network
meta-analysis to compare the diagnostic accuracies.

Our findings should be interpreted with caution considering
the high risk of bias due to the index tests and reference
standards. Pathological diagnosis of MPM is complicated due
to the lack of a single specific diagnostic marker (31). The
diagnosis should be based on immunohistochemistry rather
than electron microscopy and gross pathological findings (30).
Physicians usually start treatment for MPM based on a single
pathological result and rarely perform a second biopsy. This
might lead to overestimation or underestimation of the
diagnostic accuracy, depending on the interpretation of the
pathological findings. Although MT may be less efficient for
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Figure 3. Hierarchical summary of the receiver operating characteristics curve for medical thoracoscopy. Studies using medical thoracoscopy report
a high sensitivity for detecting malignant pleural mesothelioma.



defining the histological subtype of MPM, only one study by
Maskell et al. has followed up the diagnosed patients based
on the index test (25, 32). Thus, it is important to consider the
process of diagnosing MPM based on the biopsy sample,
while future studies should use a predefined diagnostic process
to help address this issue. 

This systematic review has several limitations. First,
unidentified but relevant studies might exist, as we used
search terms related to the three biopsy procedures and
MPM, which would miss studies that did not include MPM
in the title and abstract. For example, we might have likely
missed studies in which patients with pleural effusion
underwent pleural biopsy but were not diagnosed with MPM.
We aimed to minimize this issue by performing a manual
search of the reference lists, although this cannot not
guarantee the inclusion of all the otherwise missed studies.
Second, we could not differentiate between the efficiency of
the three procedures depending on the MPM subtype (e.g.,
the epithelioid, biphasic, and sarcomatoid subtypes), which
is important for guiding treatment selection. Third, we did
not consider pleural nodularity and instead focused on
patients with pleural effusion. The diagnostic accuracy can
be influenced by the target region (8). Fourth, we did not
consider the presence of risk factors for MPM, including
asbestos exposure, and it is important to note that all patients
were only suspected of malignant pleural effusion at their
presentation.

In conclusion, our study demonstrated that MT might be
a useful rule-in test for guiding the subsequent use of
thoracoscopic surgery in cases of suspected MPM.
Unfortunately, given the small number of included studies,
we were unable to precisely evaluate the diagnostic
accuracies of CT- and US-guided biopsies. Further trials are
needed to perform head-to-head comparisons of the different
biopsy procedures. 
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