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Introduction

Mesothelioma is a relatively rare tumour, but incidence 
is increasing in view of the time lag of 30–50 years after 
exposure to asbestos. In the Western world, mesothelioma 
incidence is expected to be reaching a peak (1-3). However, 
the continued use of asbestos in the developing world means 
that worldwide mesothelioma incidence could continue 
to increase in coming years (3). More invasive procedure 
techniques were traditionally reserved for thoracic surgeons 
or interventional radiologists, however the use of ultrasound 
by general physicians has increased over the past few years, 
and with this came an associated expansion in the field of 
interventional pulmonology available for pleural disease 
including mesothelioma, although available interventions 
will vary geographically. This article reviews the recent 
diagnostic and therapeutic advances in interventional 
pulmonology for mesothelioma. 

Diagnostics

Obtaining a diagnosis of mesothelioma is important both 
clinically and medico-legally. It is essential to combine 
history, examination, radiology and pathology to reach a 
diagnosis of mesothelioma. It is also advised to discuss cases 
in detail and agree a diagnosis at a multidisciplinary team 
(MDT) meeting level, preferably in MDTs with significant 
experience of mesothelioma diagnosis. 

The diagnosis of mesothelioma can be difficult, with 
some cases demonstrating atypical histological features, 
fibrosis rather than frank malignant features (desmoplastic), 
and biopsies may be challenging to achieve in some patients. 
High quality diagnosis therefore relies on a combination 
of radiological, clinical and pathological features, and one 
feature in isolation should not be used to make a diagnosis 
where possible. 

Extensive research has been conducted on serum 
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biomarkers to aid diagnosis, but only a few have shown any 
efficacy in the diagnostic process. Although a large number 
of studies have assessed potential and specific biomarkers in 

mesothelioma diagnosis, none has achieved the necessary 
high sensitivity and specificity to enter in to routine clinical 
practice, in addition to the lack of validation of promising 
results, and lack of specificity for mesothelioma (e.g., 
fibulin-3 and mesothelin) (4,5). One potential exception 
to this is carcinoembryonic antigen (CEA) which may 
prove useful as a negative marker (i.e., used to rule out 
mesothelioma) if cytological and histological analysis 
is inconclusive (3). Therefore, at present, histological 
diagnosis remains the preferred method of diagnosing 
mesothelioma. Figure 1 summarises the suggested diagnostic 
pathway for mesothelioma.

Pleural aspiration

Given that pleural effusion is usually one of the first clinical 
signs of mesothelioma, pleural fluid cytology is often one of 
the first diagnostic tests to be carried out. Analysis of pleural 
fluid can help exclude other causes of pleural effusion 
(of which there are more than 60, and mesothelioma/
malignancy is only one) and strengthen the suspicion 
of mesothelioma in the case of exudates with cytology 
suspicious for mesothelioma. The use of ultrasound to guide 
pleural fluid aspiration is increasingly being accepted as gold 
standard of practice (6). Apart from improving the safety 
profile of pleural procedures, ultrasound can give further 
information about the likelihood of underlying malignant 
pleural disease including mesothelioma by identifying 
pleural thickening and nodularity and distinguish malignant 
from benign pleural effusions with an overall sensitivity of 
79% and specificity of 100% (7). It can also assess suitability 
for further pleural procedures including assessment of lung 
sliding to identify suitable candidates for thoracoscopy. 
Figure 2 shows an ultrasound view of diaphragmatic 
nodularity.

History, including asbestos exposure 
Patient examination
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Figure 1 Flow chart demonstrating the recommended pathway 
from patient presentation to diagnosis of pleural mesothelioma. CT, 
computed tomography; PET, positron emission tomography scan.

Figure 2 Ultrasound image showing an echogenic pleural effusion 
and diaphragm nodularity.
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If clinical, radiological and cytological results support 
a diagnosis of mesothelioma, then this can be accepted as 
adequate to make a diagnosis of mesothelioma at a MDT 
meeting level in some cases where patients cannot tolerate 
pleural biopsies. However, pleural fluid cytology is reported 
to be up to 76% sensitive in specialist centres (1), and this 
is likely to be because the pre-test probability in cases seen 
in these centres is already high, and therefore this is not 
applicable to other centres. In fact, the pleural fluid cytology 
sensitivity for mesothelioma is usually quoted to be lower, 
with a definite diagnosis of mesothelioma made in 32.8% in 
one large case series (8). The differentiation of mesothelioma 
from other tumours such as adenocarcinoma, and further 
classification of mesothelioma into subtypes (epithelioid, 
biphasic and sarcomatoid), from cytology alone can be 
challenging. In addition, the identification of the subtype 
has significant implications for both treatment (for example, 
sarcomatoid mesothelioma is not conventionally considered 
responsive to standard chemotherapy) and prognosis (9). The 
histopathological subtype is important because, together with 
performance status, it is one of the few clinically significant 
prognostic factors (2). Furthermore, even with histological 
analysis, differentiation between mesothelioma and reactive 
changes in the pleura secondary to metastatic disease can 
be challenging (3). Therefore, adequate pleural biopsies are 
usually needed for accurate histological analysis, and the 
European Respiratory Society/European Society of Thoracic 
Surgeons (ERS/ESTS) task force and the European Society 
for Medical Oncology (ESMO) guidelines both recommend 
that pleural biopsy histology is required to confirm a 
diagnosis of mesothelioma (2,3).

Pleural biopsies

Patients with cytology negative pleural effusion, or 
with cytology suspicious of mesothelioma, should be 
followed up by tissue confirmation (2,3). This also allows 
confirmation of histological diagnosis, and in addition 
molecular and immunohistochemical analyses. Importantly 
for mesothelioma diagnosis and treatment, the majority of 
staging systems involve an assessment of the extension of 
the tumour in the pleura and muscle layers (3). 

There are a number of potential pleural biopsy options 
open to the interventional pulmonologist as below:

Blind pleural biopsies

Blind pleural biopsies taken using “closed” biopsy needles 

(such as the Abram’s and Cope needles) in the absence of 
image guidance can make a diagnosis of mesothelioma, 
but only if there is sufficient material representative of 
the tumour (3). In malignant pleural effusions, blind 
pleural biopsies increase diagnostic yield above pleural 
fluid cytology only modestly, by 7–27% (10). Pleural fluid 
cytology and blind pleural biopsy have, in combination, 
a very poor diagnostic sensitivity for mesothelioma at  
38.7% (11). Specific issues with non-image-guided closed 
pleural biopsy include the potential of not obtaining pleural 
tissue, and the patchy nature of malignant pleural disease 
which tends to preferentially occur in the inferior and 
lateral areas of the hemithorax, often lower than is usual to 
biopsy with a blind technique (12). 

Image-guided pleural biopsies

Where available, image-guided biopsies are preferable to 
blind biopsies because of the increased diagnostic yield with 
image-guided procedures which target high value areas and 
are more likely to obtain pleural tissue. Image guidance 
helps to specifically target abnormal pleura, as opposed to 
blind pleural biopsies, which may sample normal areas of 
pleura in view of the patchy malignant infiltration. Real-
time ultrasound or computed-tomography (CT) guidance 
increases the safety of the procedure, and also increases the 
sensitivity of cutting-needle biopsies, from 30% for pleural 
fluid cytology and non-image-guided Abram’s or Cope 
biopsies, to 86% with CT- or ultrasound-guided cutting-
needle pleural biopsies (13). Pleural biopsies obtained 
using Abram’s needle with CT guidance resulted in a high 
sensitivity of 82.4% in a study of 150 patients with cytology 
negative exudative pleural effusions (14), and blind pleural 
biopsies were found to have 47% sensitivity for malignant 
pleural effusion compared to 87% for CT-guided biopsies 
in another study (15). However, image-guided pleural 
biopsies using Abram’s or Cope needles are still a reasonable 
option where thoracoscopy is not possible.

Physician led image-guided pleural biopsies are now 
being performed more frequently, a shift from what was 
once a solely radiologist’s domain. In patients who are 
frail, unable to tolerate lying in a lateral decubitus position 
for the duration of thoracoscopy, and for patients with 
a performance status >2, pleural biopsy under direct 
ultrasound guidance allows targeting of areas of interest, 
such as pleural thickening and nodularity. It can be an on-
table alternative to thoracoscopy, should thoracoscopy not 
be deemed suitable (16). It has a diagnostic yield of about 
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94% when performed by respiratory physicians or by 
radiologists, and a similar diagnostic yield to CT-guided 
biopsies (16) and avoids the radiation exposure associated 
with CT guidance. Real-time direct ultrasound guidance 
enables the operator to ensure that samples were being 
taken from the area of pleural abnormality (16), and also 
allows compensation for respiratory movement in real-
time. Ultrasound-assisted Tru-Cut needle pleural biopsies 
without real-time direct ultrasound observation of the 
needle have only a 66.7% sensitivity in cytology negative 
pleural effusions (14). Figure 3 shows a real-time ultrasound 
view of a biopsy needle entering the pleural space, with 
the tip of the needle within the pleural fluid. A diagnostic 
sensitivity of 89.7% was reported for thoracocentesis and 
ultrasound-assisted pleural biopsy in malignancy (17). 

Thoracoscopy

CT-guided biopsies lack the ability to visualise the whole 
pleura, and thoracoscopy overcomes this, while avoiding 
the radiation exposure associated with CT. Medical 
thoracoscopy is recommended as the ideal diagnostic 
investigation for cytology negative exudates, especially if 
a diagnosis of mesothelioma is suspected (2,3) given that 
it combines a means of obtaining multiple larger pleural 
biopsies with a targeted sampling approach, and provides 
a diagnosis in >90% of cases. It has a high diagnostic 
sensitivity in malignant pleural effusion of 90.1–92.6%, 
which is similar to that in video-assisted thoracic surgery 
(VATS) (18). VATS still has a valid role in the diagnosis of 
pleural malignancy with a 90–95% diagnostic yield, similar 
to that for medical thoracoscopic pleural biopsies, however 
involves general anaesthetic, whereas medical thoracoscopy 
is performed under local anaesthetic and sedation. VATS is 
now often only considered following negative fluid cytology 
and closed biopsy histology, where strong suspicion of 
mesothelioma remains (19,20), and where a firm diagnosis 
will alter management.

Thoracoscopy allows visually guided pleural biopsies 
targeting the visually abnormal parietal pleura, and the 
quality of tissue obtained is usually superior to that in 
closed biopsies, and this is important especially in complex 
diagnoses such as mesothelioma. It also allows minimally 
invasive complete visualisation of the pleura, documentation 
of the macroscopic appearance of pleural thickening, 
nodularity, lymphangitis, and involvement of the visceral 
pleura which upstages mesothelioma from T1a to T1b (2), 
and it also provides an opportunity to perform therapeutic 
interventions during the same procedure. Figure 4 shows the 
thoracoscopic view of nodular parietal and visceral pleura 
in mesothelioma, and Figure 5 shows the taking of biopsies 
of pleural nodules at thoracoscopy. Ultrasound helps guide 
the planning of the procedure by identifying the pleural 
effusion distribution, size, loculation and septation, the 
diaphragm position, and it can also confirm the presence 
of lung sliding and exclude significant pleural adhesions. 
If there is no, or minimal, pleural effusion in the lateral 
decubitus position, thoracoscopy is still possible by inducing 
pneumothorax via blunt dissection and the insertion of 
a Boutin needle prior to the thoracoscopy (21), and this 
allows medical thoracoscopy (under local anaesthetic and 
sedation) to be performed anyway, avoiding the need for 
surgical pleural biopsies (VATS) under general anaesthesia. 

Figure 3 Real-time ultrasound visualisation of a biopsy needle in 
the pleural space, with the tip of the needle visualised in the pleural 
fluid.

Figure 4 Nodular parietal and visceral pleura at thoracoscopy in 
mesothelioma.
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Medical thoracoscopy can be safely performed as a day case 
procedure (22) avoiding unnecessary hospitalisation. 

Medical thoracoscopy is safe, and well-tolerated. 
Major complications occur in 1.8% and include infection, 
haemorrhage, pneumothorax or air leak, and bronchopleural 
fistula, and the mortality rate is <0.5%. Other complications 
occur in 7.3% and include subcutaneous emphysema, on-table 
hypotension, and arrhythmia (20). Absolute contraindications 
to medical thoracoscopy include lung adherent to the chest 
wall throughout the hemithorax, uncontrollable cough, 
hypercarbia or severe respiratory distress, and the procedure 
should be delayed until 4 weeks after a myocardial infarction. 
Although avoidance of general anaesthesia is a major 
advantage of medical thoracoscopy, thoracoscopy performed 
under general anaesthesia allows more complex interventions, 
selective intubation and lung isolation. General anaesthesia 
also allows thoracoscopic visualisation of the collapsed lung 
being re-inflated by positive pressure ventilation allowing 
identification of trapped lung, thereby identifying patients who 
may need an indwelling pleural catheter (IPC) insertion during 
the same procedure (23). 

Most published data are on the use of rigid thoracoscopy, 
however semi-rigid thoracoscopy is increasingly being 
used by interventional pulmonologists, providing increased 
flexibility and compatible with existing equipment of some 
flexible bronchoscopes. No significant difference has been 
identified between the diagnostic yields of rigid and semi-rigid 
thoracoscopies (24), although there are concerns about semi-

rigid thoracoscopy’s ability to divide septations, and obtain 
biopsies in those patients with diffuse pleural thickening which 
might be difficult to biopsy with the semi-rigid biopsy forceps. 

Other

There are isolated reports of mesothelioma diagnosis 
obtained by endobronchial ultrasound-guided transbronchial 
needle aspiration (25-28). This modality will potentially 
be helpful in the future if mediastinal staging becomes an 
important factor in deciding treatment. However, this is not 
the case currently, and where possible, pleural biopsy remains 
the diagnostic procedure of choice for mesothelioma. 

Thoracoscopic pleural brushing has been used in some 
centres (29,30), allowing cellular samples to be obtained 
from areas which are considered to be high risk for biopsies, 
however the diagnostic yield is not as high as for pleural 
biopsies obtained at thoracoscopy.

Therapeutic

There is no curative treatment for mesothelioma. Chemotherapy 
has been shown to improve survival (31), however it is not 
curative. Pleurectomy was suggested to have potential benefits 
in some studies, although in the only randomised trial in this 
field, video-assisted thoracoscopic partial pleurectomy did 
not improve survival over talc pleurodesis in mesothelioma, 
and was associated with more complications, higher cost, and 
longer hospital stay than talc pleurodesis (32). Until evidence 
of clear benefits for surgery emerges, surgery is mostly  
recommended to be considered in mesothelioma only as part of 
research trials (2,3,33). 

Debulking pleurectomy/decortication can relieve trapped 
lung by removing the visceral tumour cortex and improve 
symptoms such as shortness of breath and chest wall pain, 
however there is a lack of robust evidence to support this, 
and it is not recommended to be offered with curative intent. 
It may be considered in selected patients for symptom 
control especially if lung entrapment is present and therefore 
chemical pleurodesis contraindicated (2). 

Therefore, preserving quality of life remains the main 
focus of care in mesothelioma patients, and interventional 
pulmonology has an important role in prevention of 
recurrence of pleural effusions and symptom control.

Therapeutic pleural aspiration

Large volume pleural fluid aspiration to relieve symptoms 

Figure 5 The taking of pleural biopsies at thoracoscopy using 
biopsy forceps in a case of mesothelioma. Thoracoscopy allows 
the direct visualisation of the pleura and visualisation of the exact 
biopsy target.
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can be performed via bespoke pleural catheters. An analysis 
of patient reported outcome measures showed that 85.7% 
of patients with pleural effusions experience symptomatic 
benefit from fluid drainage, with a mean visual analogue 
scale (VAS) improvement of 42.6 mm, and the volume 
of pleural fluid drained correlates with the symptomatic 
benefit (34). Ultrasound enables an assessment of the 
hemi-diaphragm shape (flattening, inversion), position, 
and movement with respiration, and this can be used as 
a guide to the amount of fluid needing to be drained to 
improve symptoms (35,36). Development of persistent 
cough or chest pain during the procedure should be an 
indication to stop drainage as it may indicate development 
of re-expansion pulmonary oedema or underlying trapped 
lung. Repeated large volume pleural fluid aspiration is the 
treatment of choice in frail patients with <1 month life 
expectancy, but early definitive management of malignant 
pleural effusion by pleurodesis is recommended in other 
patients with recurrent symptomatic malignant pleural 
effusions (2,37), because of the high risk of fluid recurrence, 
the risk of adhesion formation between the visceral and 
parietal pleura with repeat pleural aspiration, and the 
potential risk of development of trapped lung in non-
pleurodesis patients.

Chemical pleurodesis

Sterile talc is the most widely used and accepted sclerosant 
agent for chemical pleurodesis, and graded talc is 
rarely associated with severe complications. Its use is 
supported by results of meta-analyses and recommended 
in guidelines (37). It is useful to prevent recurrent 
pleural effusions although chemical pleurodesis should 
not be performed before obtaining sufficient tissue for 
diagnosis of mesothelioma (2,37). The aim of chemical 
pleurodesis is to obliterate the pleural space by adhesion 
and fibrosis of the plural layers. It has a reported 75% 
success rate (38). Successful talc pleurodesis is defined as 
no fluid reaccumulation till death, and partial response 
is reaccumulation of pleural fluid radiographically but 
not requiring further pleural intervention to relieve 
symptoms. Even in the presence of non-expandable lung, 
if >50% pleural apposition can be achieved then chemical 
pleurodesis may still be beneficial and provide symptom 
relief (37). 

Talc can be delivered as a slurry through a chest drain 
after controlled fluid drainage and confirmation of no, 

or minimal, residual pleural fluid on chest X-ray, or as 
poudrage during thoracoscopy. Thoracoscopy permits 
a combined diagnostic and therapeutic procedure, 
with complete drainage of pleural fluid with low risk 
of complications including re-expansion pulmonary 
oedema, and immediate pleurodesis through on-table talc 
poudrage pleurodesis if the visualised pleura is diagnostic 
of malignancy. It is unclear whether talc poudrage at 
thoracoscopy is associated with improved outcomes when 
compared with standard talc slurry pleurodesis through a 
chest drain (39,40), and a trial is currently underway with 
the aim to answer this (41). IPC insertion during the same 
procedure in case of identified non-expandable lung, could 
facilitate early discharge of the patient from hospital and 
improve long-term fluid control. Even in the absence of 
non-expandable lung, IPC insertion after talc poudrage 
pleurodesis at thoracoscopy was found to be associated 
with shortened length of hospital stay, shortened time to 
pleurodesis, and avoids further pleural procedures should 
talc pleurodesis fail (42).

In malignant pleural effusions, there is some doubt as to 
the optimal chest drain size to be used in talc pleurodesis, 
and the results of a randomised controlled clinical trial [the 
1st therapeutic interventions in malignant pleural effusion 
(TIME1)] showed that 12-F chest drains were associated 
with modest reduction in pain but were associated with 
higher pleurodesis failure (30% vs. 24%) when compared 
with 24-F chest drains (43).

Side effects of talc pleurodesis include pain in 7%, low-
grade fever, and infection, although empyema is rare. 
Previously acute respiratory distress syndrome (ARDS) was 
a recognised complication of talc pleurodesis, however there 
were no cases of ARDS with larger particle talc in a large 
multicentre study (44).

IPCs

IPCs are becoming a first line alternative to chest drain 
insertion and talc pleurodesis. A randomised controlled trial 
analysing the effect of IPCs on dyspnoea in patients with 
malignant pleural effusions, when compared to chest drains 
and talc pleurodesis (TIME2 trial), showed no difference 
in patient-reported dyspnoea between chest drain insertion 
with talc pleurodesis and IPC (45). Because IPCs can be 
inserted as a day case procedure, this option is favoured by 
patients wishing to avoid hospitalisation. IPCs are also an 
important option in patients who have previous failed talc 
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pleurodesis, and in patients with trapped lung in whom talc 
pleurodesis is unlikely to be successful because of a lack of 
visceral and parietal pleura apposition. 

The patients, their carer or district nurses then perform 
pleural fluid drainage via the IPC intermittently at the 
patient’s home. There is evidence that daily drainage leads 
to higher rates of autopleurodesis and shorter time interval 
till IPC removal, than with less frequent drainage (46). The 
IPC-Plus trial results are as yet unpublished (47), however 
preliminary results were presented at the ERS congress in 
Milan in 2017, and an increase in pleurodesis success rate at 
five weeks was reported when comparing IPC with placebo 
(about 20% pleurodesis success rate) to IPC with talc 
instilled through the IPC (about 40% pleurodesis success 
rate) as an outpatient.

Patients undergoing chemotherapy for mesothelioma can 
still have an IPC inserted, although delay of the procedure 
until recovery of chemotherapy-related neutropenia and 
thrombocytopenia is advisable (48,49). Complications are 
uncommon and include pleural infection, although this is 
uncommon and usually controlled with antibiotics, pain at 
the IPC insertion site which usually resolves within days, 
pneumothorax, drain blockage, and malignant seeding 
along the catheter (50). A patient’s social and psychological 
context need to be considered prior to IPC insertion to 
ensure that the drainage will be managed effectively.

It is important to note that much of the reported data 
for IPCs comes from studies of malignant pleural effusions 
rather than specifically mesothelioma-associated pleural 
effusions, and therefore results cannot necessarily be 
extrapolated to mesothelioma-associated effusion.

Future directions

Traditionally pleural biopsies are required for mesothelioma 
diagnosis, but with further extensive research in biomarkers, 
biopsies may one day soon no longer be a requirement for 
diagnosing mesothelioma. 

Non-expandable lung is usually identified on a post-
pleural aspiration chest X-ray by the presence of a 
hydropneumothorax if adequate volumes of fluid have 
been drained. Prediction of non-expandable lung would be 
useful to plan further procedures to control pleural fluid, 
and if detected, IPC would be the preferred option for fluid 
control. The routine use of pleural manometry is somewhat 
controversial. Some practitioners advocate its routine use 
during thoracocentesis because it can detect non-expandable 

lung and is safe (51,52), however pressure readings have not 
been shown to be consistently associated with development 
of chest discomfort or re-expansion pulmonary oedema, 
and equipment is traditionally complicated. However, 
the development of modern advanced technology such as 
hand-held digital manometers may improve its availability, 
although further studies in this area are required to assess 
appropriate patient selection for this type of device (53). 

Conclusions

Interventional pulmonologists are performing increasingly 
complex pleural interventions and offering a wider range of 
options for diagnosis and symptom control in mesothelioma 
patients, and in most cases, avoid the higher risk associated 
with more invasive surgical procedures.
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