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Abstract The incidence of mesothelioma con-
tinues to increase in the Western world and is
likely to do so until 2011-2015. It commonly
presents with breathlessness secondary to a
pleural effusion, and whilst guidelines still
advise thoracocentesis as the first line investiga-
tion, the sensitivity of this is low and a tissue
diagnosis is usually required. Abrams needle
biopsy also has a low diagnostic yield and high
complication rate and is not recommended in
guidelines on the investigation of mesothe-
lioma. Computed tomography—guided biopsy
or thoracoscopy both have a comparable sen-
sitivity and low complication rates. Local
anaesthetic thoracoscopy is increasingly used
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by respiratory physicians and has a compara-
ble diagnostic sensitivity to Video-Assisted
Thoracoscopic Surgery (VATS) without the
need for a general anaesthetic. The requirement
for prophylactic radiotherapy after pleural pro-
cedures in cases of mesothelioma is conten-
tious, as the results from early trials suggesting
it reduces tract seeding have been disputed by
more recent trials.

4.1
Introduction

The incidence of mesothelioma continues to
increase; it has a poor prognosis and definitive
diagnosis is often difficult to obtain [56]. In
Europe, 5,000 people die annually from meso-
thelioma [47] and in Britain the incidence is
projected to peak in 20112015 at 1,950-2,450
deaths per year [29]. The prognosis is poor with
a study in the USA [52] showing a 1-year sur-
vival of 64% from onset of symptoms and
median survival of 10 months. A British study
[61] found a median survival of 14 months from
the onset of symptoms.
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4.2
Clinical Presentation

The most common clinical presentation for
patients is progressive dyspnoea and/or chest
wall pain [17]. Dyspnoea at presentation is usu-
ally caused by a pleural effusion but as the dis-
ease progresses this can be caused by pleural
restriction. At presentation 90% patients have a
pleural effusion with 10% patients having little
or no fluid [30]. The effusion is usually unilateral
(95%). The chest wall pain is usually caused by
significant chest wall invasion. Other symptoms
include a dry cough, weight loss, fever, fatigue or
night sweats. The patient may also present after
abnormalities are found on a routine chest radio-
graph [2] or present with minimal non-specific
symptoms with the diagnosis only becoming
apparent with time.

A detailed occupational history is important,
although sometimes difficult because of the time
that has elapsed since the exposure. Common
prior occupational exposures include laggers,
pipefitters, plumbers, heavy construction or
shipbuilding industry workers and those work-
ing aboard ships, especially in the boiler room.
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Investigation of Pleural Effusion

Mesothelioma may be suspected on presentation
because of the history, including exposure and
symptoms, and abnormalities on the chest radio-
graph. If a pleural effusion is present then the
initial investigations should be a diagnostic/thera-
peutic pleural aspiration and contrast-enhanced
computed tomography (CT) [62]. The contrast
allows differentiation between thickened pleura,
pleural effusion and underlying collapsed or
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aerated lung, allowing a detailed look at the pleura
including whether the pleural thickening is irreg-
ular, circumferential and involves the mediastinal
border. It also aids decisions regarding the next,
most appropriate, investigation. Pleural aspiration
is a simple investigation that can be performed,
under ultrasound guidance, in clinic at the initial
review and should be sent for cytology with
immunocytochemistry if appropriate [2].

43.1
Cytology

The diagnostic sensitivity of pleural cytology
with malignancy has been reported at about
60% [24, 43]; however, the reported sensitiv-
ity for mesothelioma has been reported as much
lower than this at 20-32% [32, 51]. This num-
ber included those that were suspicious but not
diagnostic for mesothelioma. If only the posi-
tive results were included and the suspicious
results excluded, the sensitivity decreased to
16%. However, it is worth noting that if cytol-
ogy is positive then the median time to diagnosis
is reduced. In one study, this time was reduced
from an average of 12 to 4 weeks. It often
proves difficult to differentiate between reactive
mesothelial cells secondary to an inflammatory
response and malignant cells; therefore, pleural
tissue is often required to confirm the diagnosis.
Immunocytochemistry can help to differentiate
between mesothelioma and adenocarcinoma
[23]. Sending a second sample if the first was
negative has been shown to increase the yield
for malignancy by a further 27% [24]; however,
in the case of mesothelioma it is unlikely to
be this successful and likely to delay diagno-
sis further. Repeated thoracocenthesis has also
been shown to increase the number of pleural
loculations [16] which could have an impact
on later investigations such as thoracoscopy.
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Fig.4.1 (a, b) Benign and malignant pleural thickening on CT scan

The European Respiratory Society (ERS) and
European Society of Thoracic Surgeons (ESTS)
guidelines on the management of mesothelioma
state that it is not recommended to make a diag-
nosis of mesothelioma based on cytology alone
because of the high risk of diagnostic error.

4.4
Investigation of Pleural Thickening
with No Effusion

Benign causes of pleural thickening commonly
include previous pleural infection or haemotho-
rax and benign asbestos-related pleural thicken-
ing. When seen at the lung apices it is generally
due to prior infection from tuberculosis or fungi
[17]. It is uncommon for asbestos to cause api-
cal pleural thickening.

CT changes suggesting malignancy as
opposed to benign pleural thickening are (1)
circumferential thickening, (2) nodular pleural
thickening, (3) parietal pleural thickening >1

cm and (4) mediastinal pleural involvement
[35]. Whilst these changes were specific (100%,
94%, 94% and 88%, respectively), they were
not overly sensitive (41%, 51%, 36% and 56%,
respectively), and did not allow differentiation
of mesothelioma from other cancers. If there is
evidence suggesting malignancy, these patients
will require a pleural biopsy. The thoracic CT
scan is helpful in deciding which method would
be most suitable (Fig. 4.1a, b).

4.5
Percutaneous Pleural Biopsy Techniques

451
Abrams Needle

The use of a blind closed needle biopsy (BCNB)
was first described by Abrams in 1958 [3]. It
provided an alternative to an open pleural
biopsy, which requires a general anaesthetic [7].
Compared to other pleural biopsy techniques it
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is inexpensive and can be carried out under
local anaesthetic. Chakrabarti et al. found no
difference in the diagnostic sensitivity between
respiratory registrars and their more junior
counterparts [13]. Although low yields were
reported when diagnosing mesothelioma, it was
hoped that this might be improved with the
advent of improved histopathological tests [7].

Abrams needle biopsy has been shown to
increase the yield in diagnosing malignancy
over cytology by 7-27% [43, 48]. There have
been two recent reviews of BCNB. In one, of
75 patients with a pleural effusion who under-
went BCNB, 46 patients were ultimately diag-
nosed with malignancy. The initial Abrams
biopsy was diagnostic in 20 of the 46 patients
diagnosed with malignancy (43%). In those
diagnosed with mesothelioma the Abrams
biopsy was diagnostic in 4 of 13 cases (31%)
[13]. In another review of 119 patients ulti-
mately diagnosed with mesothelioma who
underwent BCNB, a definitive diagnosis was
made in 44 (46%) whilst the result was suspi-
cious in 20 (21%) [37]. The results in an earlier
trial were higher, with five of seven (71%)
patients with mesothelioma being diagnosed
with an Abrams needle biopsy [7]. A recent
trial attempted to increase the sensitivity of an
Abrams needle biopsy by determining the entry
site with the use of a contemporaneous thoracic
CT and measuring the distance between entry
and target site two dimensionally on the CT
[39]. The sensitivity for diagnosing mesothe-
lioma was 80%. Other attempts have been
made to increase the sensitivity by methods
such as pleural brushings [6], but diagnostic
yields are no greater than 50%. The only ran-
domised controlled trial directly comparing
CT-guided cutting needle to blind Abrams
biopsy [36] looked at 50 consecutive patients.
It showed a significantly increased sensitivity
with a CT-guided cutting needle (87%) com-
pared to the Abrams biopsy (47%) in the diag-
nosis of malignancy and the results were similar
when looking at mesothelioma.
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Complications of Abrams biopsy include site
pain (1-15%), pneumothorax (3—15%), vasova-
gal reaction (1-5%), haemothorax (<2%), site
haematoma (<1%), transient fever (<1%) and
very rarely death secondary to haemorrhage.

4.5.2
Radiologically Guided Percutaneous Pleural Biopsy

Pleural thickening, whether benign or malig-
nant, is frequently not uniform, and image-
guided biopsy facilitates selection of the most
appropriate biopsy site. It also enables safe
biopsies in the absence of a pleural effusion.
Percutaneous pleural biopsy has been described
with both transthoracic ultrasound (US) and CT
as image guidance modalities.

US has been used increasingly by respira-
tory physicians to assess pleural effusions as it
has become clear that it increases the success
of pleural aspiration and reduces complica-
tions [25, 33] and is now recommended in the
2010 BTS pleural disease guidelines for all
pleural procedures performed on the ward
[62]. US allows real-time images of the biopsy,
is readily available and has no radiation risk to
the patient. In one review of US-guided cut-
ting needle biopsy versus Abrams needle
biopsy, 49 patients underwent pleural biopsy,
25 with an US-guided Tru-Cut needle and 24
with an Abrams needle [14]. In the subgroup
diagnosed with mesothelioma, the sensitivity
was higher with a US-guided Tru-cut needle
with a trend towards statistical significance.
Another study looked at the sensitivity and
safety of using an US-guided Tru-Cut needle
in the diagnosis of pleurally based abnormali-
ties >20 mm in the absence of a pleural effu-
sion (those with effusions underwent aspiration
+/— thoracoscopy) [20]. Ninety-one patients
underwent biopsies by either a respiratory
physician or a registrar under supervision. Of
these, 10 had mesothelioma and all were diag-
nosed on the first biopsy. Helio et al. found
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similar sensitivities for diagnosing mesothe-
lioma with a US-guided cutting needle [28].
Of 52 patients diagnosed with mesothelioma,
40 (77%) were diagnosed after their first bio-
psy attempt.

CT-guided biopsy permits access to areas not
easily accessible to ultrasound such as pleural
lesions near or behind ribs or along the paraver-
tebral surfaces [50]. Higher sensitivities have
been reported with CT than with US-guided
biopsies although there have been no trials
directly comparing them [49]. Metintas et al.
looked at 30 patients with mesothelioma who
underwent CT-guided closed needle biopsy.
This was diagnostic in 25 (83.3%) [41]. Adams
et al. reviewed 21 cases of mesothelioma that
had received an image-guided biopsy in their
work up (6 US and 15 CT) [5]. Their diagnostic
sensitivity was 86%. It is also worth noting that
of these, four patients had a pleural thickness of
less than 5 mm and all of these biopsies were
successful.

Cutting needle biopsy has been shown to be
more sensitive than fine needle aspiration in the
diagnosis of malignancy and the difference is
even more marked with mesothelioma [4, 5]
with a sensitivity of 93 versus 50% in favour of
using a cutting needle. The overall sensitivity
can be increased with a combination of both
techniques.

Complications occur in less than 5% patients
using image-guided pleural biopsy techniques
[50] and include pneumothorax, intrapleural
bleeding, subcutaneous haematoma and dam-
age to the diaphragm and abdominal viscera.

One study of 85 image-guided biopsies
showed their rate of new pneumothoraces was
11% but only 4.7% patients had a new pneu-
mothorax visible on chest radiograph [8]. Of
these patients two already had a chest drain in situ
and six had had a drain inserted as part of the pro-
cedure for drainage of pleural fluid. Therefore, no
patient required insertion of a chest drain solely
for drainage of a biopsy-induced pneumothorax.
7.5% CT-guided biopsies were associated with
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significant bleeding but all remained haemody-
namically stable.

453
Positron Emission Tomography (PET) CT

PET scans are increasingly being used in the
evaluation of patients with mesothelioma [58].
F-fluoro-2-deoxy-p-glucose (FDG)-PET has
been shown to accurately differentiate benign
pleural disease from mesothelioma. In one study
of 98 patients with 63 pleural malignancies,
FDG-PET had a sensitivity for detecting malig-
nancy of 96.8% and a specificity of 88.5% and
appeared to confirm malignant pleural disease
that cannot be identified at CT [21]. Neither of
the two malignancies that did not show FDG
were mesothelioma.

Another study of nine patients with mesothe-
lioma [45] showed that all the primary tumours
were FDG positive.

Although no trials have looked at PET-CT
being used to increase the diagnostic yield of
CT-guided biopsies, there may be a role for this
in the future, particularly in those patients who
clinically appear to have mesothelioma but have
already had negative biopsies and are not suit-
able for thoracoscopic/surgical biopsies.

4.6
Thoracoscopy

Thoracoscopy was first described in 1910 [31].
It provides a means of diagnosis for effusions of
unknown cause and is particularly important in
the diagnosis and management of malignant
pleural mesothelioma [2]. It is now recom-
mended by the European Respiratory Society
and the European Society of Thoracic Surgeons
[56] and the British Thoracic Society [63]
early in the diagnostic pathway of patients
with a symptomatic exudative pleural effusion
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of unknown cause. Thoracoscopy can be per-
formed by surgeons under general anaesthetic —
Video-Assisted Thoracoscopic Surgery (VATS)
but increasingly is being performed by physi-
cians under local anaesthetic — Local Anaesthetic
Thoracoscopy (LAT). In the UK the number of
centres offering LAT has increased from 11 in
1999 to 37 in 2009 [63].

Thoracoscopy allows direct visual assess-
ment of the pleura and subsequent biopsy of the
abnormal areas as well the option of a therapeu-
tic talc poudrage at the same time. Success rates
for pleurodesis via thoracoscopy are generally
very good and can be as high as 86% [38] at 1
month.

4.6.1
Local Anaesthetic Thoracoscopy

This allows direct visualisation of the pleura
and the option of a therapeutic procedure with-
out the need for a general anaesthetic. This is an
important advantage over VATS as many
patients requiring thoracoscopy have comor-
bidities and a reduced performance status lead-
ing to significant risk from a general anaesthetic.
It should, however, be noted that across Europe
many physicians carrying out thoracoscopy
choose to perform this in the presence of an
anaesthetist (and often a GA). Boutin et al.
reviewed 188 cases of mesothelioma that had
undergone thoracoscopy [10]. 185/188 (98.4%)
were diagnosed after thoracoscopy with a 100%
specificity. These results have been mirrored in
anumber of recent studies [9, 22, 38, 42, 54, 57,
59] with the sensitivity for the diagnosis of
mesothelioma ranging from 88% to 100% with
a specificity of 100% (see Table 4.1).

The thoracoscope can be flexible, semirigid
or rigid. One study comparing the use of rigid
with flexible thoracoscope [18] looked at 30
consecutive patients with pleural effusion of
unknown cause. The first 10 underwent rigid
thoracoscopy whilst the following 20 under-
went thoracoscopy with both rigid and flexible
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thoracoscope. Of those with a final diagnosis of
mesothelioma 13/15 (87%) were diagnosed at
thoracoscopy. Three biopsies were more infor-
mative with the flexible thoracoscope whilst
eight were more informative with the rigid tho-
racoscope. Two biopsies from the flexible tho-
racoscope were upgraded from reactive pleurisy
to mesothelioma by the rigid thoracoscope biop-
sies. Overall, it was felt that the rigid instrument
was superior because it was easier to manipu-
late and obtain larger biopsies. Munavvar et al.
[42] trialled the use of a semirigid thoracoscope,
hoping to combine the advantages of the flexible
and rigid instruments. They correctly diagnosed
15/15 patients with mesothelioma and did not
appear to experience the difficulties previously
described with the flexible thoracoscope.

Most centres require at least some pleural
fluid to be able to perform thoracoscopy. One
centre found approximately 10% of pleural effu-
sions too small for a standard thoracoscope and
therefore trialed a smaller instrument [59]. They
used a minilaparoscope, which was 3.3 mm
rather than the standard 7 mm. They were able to
they were able to use this on small, loculated
effusions inaccessible to the larger instrument,
but no figures were given. They felt that the his-
tological samples were comparable although the
samples were smaller with the 3.3mm instru-
ment, only 8F drains could be used, the proce-
dure was 20% longer and conversion to
conventional thoracoscopy was sometimes used.

Autofluorescence has also been used to try
and improve diagnostic yield by correct identifi-
cation of the abnormal area to biopsy and to aid
with staging by helping to delineate the tumour
margins [ 15]. Preliminary results from 24 patients
showed that in all 16 cases of pleural malignancy
(seven of whom had mesothelioma) the colour of
the affected area changed from white/pink to red,
giving a sensitivity of 100%. However, in 2/8
cases of chronic pleurits, there was a similar
colour change giving a specificity of 75%.

Alternative forceps has also been used to try
and increase the yield. Sasada et al. [55] have
used an insulated-tip diathermic knife and
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Number of Number
thoracoscopies of patients yield %?
for undiagnosed where

pleural effusion biopsies
possible

Tassi 30 30 93.4
etal. [59]

Medford 125 117 90.4
et al.’ [38]

Fletcher 50 47 90
et al. [22]

Munavvar 57 54 86.0
et al.b [42]

Blanc 149 142 93.3
etal. [9]

Simpson 89 89 95.5
etal. [57]

Sakuraba 138 138 97.1
et al. [54]

Table 4.1 Results from local anaesthetic thoracoscopy reported since 2000

Diagnostic Number

Number with Number

diagnosed mesothelioma diagnosed with
with malignancy/ mesothelioma
total with

malignancy

(sensitivity)

12/13 (92.3%) 5 5 (100%)
57/60 (95%) 30 29 (96.6%)
37/42 (88.1%) 35 31 (88.6%)
32/37 (86.5%) 15 15 (100%)
77/85 (90.6%) 48 42 (87.5%)
69/73 (94.5%) 25 24 (96%)
25/27 (92.6%) 10 10 (100%)

“Diagnostic yield includes patients where biopsy attempts were unsuccessful
"Data not available on patients where biopsies not taken therefore not included when calculating sensitivity

for diagnosing malignancy or mesothelioma

compared this to standard flexible forceps in 20
cases. There overall diagnostic yield was low
using the standard forceps at 60% and this was
increased to 85% with the use of the diathermic
knife. Combined, they achieved a sensitivity of
100%. It is worth noting, however, that the
diagnosis of mesothelioma was only reached in
3/6 patients using the diathermic knife and in all
6 with the standard forceps.

The main reason for failure or ‘non-diagnosis’
with LAT was inability to visualise the presence
of all the pleural space or significant adhesions,
making further investigation too difficult or
unsafe. Major complications following thoracos-
copy are rare. The BTS guidelines for thoracos-
copyreviewed 47 trials thatreported complications
[63]. Death occurred in 16/4,736 cases (0.34%)
but was reduced to 0/2,421 when only studies
involving diagnostic thoracoscopy were included.
A major contribution to the mortality (9/16
deaths) occurred in a trial of talc poudrage in the
USA where ungraded talc particles were used.

Major complications (empyema, haemorrhage,
port site tumour growth, bronchopleural fistula,
post-operative pneumothorax or air leak and
pneumonia) were reported in 1.8% cases whilst
minor complications (subcutaneous emphysema,
minor haemorrhage, operative skin site infection,
hypotension during procedure, raised temperature
and atrial fibrillation) were reported in 7.3%
cases.

4.6.2
Video-Assisted Thoracoscopic Surgery

VATS usually requires general anaesthesia and
the placement of a dual lumen tube. VATS is
therefore more expensive and time consuming
than LAT [53]. There have been no trials directly
comparing it to LAT; however, the diagnostic
efficacy of the two methods appears comparable.
Harris et al. performed VATS on 182 patients
[27]. Of the 98 patients with malignancy 29
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(30%) had mesothelioma. Their diagnostic sensi-
tivity for malignancy was 95% with a specificity
of 100% though they did not state what malignan-
cies the 5 false negatives were. Grossebner et al.
reported on 25 patients referred with suspected
mesothelioma [26]. Of these 23 had mesothe-
lioma and all were diagnosed from VATS biopsy.

Comparing complications and length of stay
in hospital is difficult because more extensive
procedures are often carried out in the VATS
groups and there are no recent trials looking
purely at diagnosis with or without pleurodesis.
Studies looking at complications from VATS
often include patients with conditions such as
empyema that require the extensive breaking
down of adhesions, which is more difficult with
LAT. However, complications do seem higher
with VATS; de Groot et al. reported that nine
(26%) of their patients had a major complication
[19] whilst Harris et al. reported one death (due
to pulmonary laceration), major complications
in 15% (haemorrhage, prolonged air leak, empy-
ema, pneumonia, wound infection, congestive
cardiac failure, entering peritoneum, biopsy pneu-
mothorax, myocardial infarction, post operative
seizure) and minor complications in 8% (subcuta-
neous emphysema, fever, hypotension, intercos-
tal neuritis) [27]. However, Viskum et al. reported
no deaths in their series of 566 examinations with
air embolism and cardiac dysrhythmias occurring
in less than 1% [60].

4.7
Open Biopsy

Prior to thoracoscopy, this was the next stage in
the diagnostic pathway if closed needle biopsy
failed. It is now required only if there is oblit-
eration of the pleural space and CT-guided
biopsy is not possible or has failed to reach a
diagnosis [46].

Its main complication is intractable chest wall
pain [7]. Of all the pleural biopsy techniques,
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this technique has the highest rate of tract seed-
ing [34, 40].

4.8
Prophylactic Radiotherapy

Mesothelioma seeding along pleural interven-
tion tracts is well recognised and present as sub-
cutaneous nodules of varying size. O’Rourke
et al. recorded the characteristics of 12 patients
that had subcutancous nodules [44]. 75%
reported mild pain, 17% slight pain and 8.3%
moderate pain with ulceration in 1 patient. A
review of the literature on tract seeding of
mesothelioma [34] found that this ranged from
0% to 48% with the risks highest after thoraco-
tomy (24%) and thoracoscopy (9-16%) and
lower for smaller incisions such as needle
biopsy (0-22%). A recent study of 212 patients
who did not receive prophylactic radiotherapy
showed that there was an overall rate of tract
seeding of 13.2% [40]. Seeding was more com-
mon after thoracotomy (25.8%) versus thora-
coscopy and closed needle biopsy or CT-guided
biopsy (11.0%). 157 patients received chemo-
therapy and 26 received multi-modal therapy
which may explain why the recurrence rate was
lower than the 40% reported by Boutin et al.
[11] in the control arm of their trial of prophy-
lactic radiotherapy. Boutin showed no tumour
seedling in the intervention arm (21 Gy in three
fractions) and this trial result led to national
guidelines promoting the practise of giving pro-
phylactic radiotherapy after pleural interven-
tions in patients with mesothelioma [1, 2].
Recent trials, however, have failed to support its
use. Bydder et al. randomised 43 patients (58
sites) to receive a single dose of radiotherapy
(10 Gy) orno radiotherapy [12] whilst O’Rourke
et al. recruited 61 patients (60 sites) to have
three fractions of 7 Gy or no radiotherapy. Both
studies showed no difference in tumour seeding
between their control and treatment groups
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(10% control vs 7% radiotherapy and 10%
control vs 13% radiotherapy, respectively).
Important differences between the trials were
that all of the patients in Boutin’s original trial
underwent a thoracoscopy (with a large chest
wall incision) whilst only 23-39% in the two
more recent trials did. There was also a differ-
ence in the radiotherapy regime in Bydder trial.
All of these trials are underpowered and there is
therefore still the need for a definitive trial to
inform practise.

References

1. American Thoracic Society (2000) Manage-
ment of malignant pleural effusions. Am J
Respir Crit Care Med 162:1987-2001

2. British Thoracic Society Standards of Care
Committee (2007) BTS statement on malignant
mesothelioma in the UK, 2007. Thorax
62(Suppl 2):iil-iil9

3. Abrams LD (1958) A pleural-biopsy punch.
Lancet 1:30-31

4. Adams RF, Gleeson FV (2001) Percutaneous
image-guided cutting-needle biopsy of the
pleura in the presence of a suspected malignant
effusion. Radiology 219:510-514

5. Adams RF, Gray W, Davies RJ, Gleeson FV
(2001) Percutaneous image-guided cutting nee-
dle biopsy of the pleura in the diagnosis of
malignant mesothelioma. Chest 120:1798-1802

6. Aksoy E, Atac G, Sevim T, Gungor G, Torun T,
Maden E, Tahaoglu K (2005) Diagnostic yield
of closed pleural brushing. Tiiberk Toraks
53:238-244

7. Beauchamp HD, Kundra NK, Aranson R,
Chong F, MacDonnell KF (1992) The role of
closed pleural needle biopsy in the diagnosis of
malignant mesothelioma of the pleura. Chest
102:1110-1112

8. Benamore RE, Scott K, Richards CJ, Entwisle
JJ (2006) Image-guided pleural biopsy: diag-
nostic yield and complications. Clin Radiol
61:700-705

9. Blanc FX, Atassi K, Bignon J, Housset B (2002)
Diagnostic value of medical thoracoscopy in
pleural disease: a 6-year retrospective study.
Chest 121:1677-1683

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

53

Boutin C, Rey F (1993) Thoracoscopy in pleu-
ral malignant mesothelioma: a prospective
study of 188 consecutive patients. Part 1.
Diagnosis. Cancer 72:389-393

Boutin C, Rey F, Viallat JR (1995) Prevention
of malignant seeding after invasive diagnostic
procedures in patients with pleural mesothe-
lioma. A randomized trial of local radiotherapy.
Chest 108:754-758

Bydder S, Phillips M, Joseph DJ, Cameron F,
Spry NA, DeMelker Y, Musk AW (2004) A
randomised trial of single-dose radiotherapy to
prevent procedure tract metastasis by malignant
mesothelioma. Br J Cancer 91:9-10
Chakrabarti B, Ryland I, Sheard J, Warburton
CJ, Earis JE (2006) The role of Abrams percuta-
neous pleural biopsy in the investigation of exu-
dative pleural effusions. Chest 129:1549-1555
Chang DB, Yang PC, Luh KT, Kuo SH, Yu CJ
(1991) Ultrasound-guided pleural biopsy with
Tru-Cut needle. Chest 100:1328-1333
Chrysanthidis MG, Janssen JP (2005) Auto-
fluorescence videothoracoscopy in exudative
pleural effusions: preliminary results. Eur
Respir J 26:989-992

Chung CL, Chen YC, Chang SC (2003) Effect
of repeated thoracenteses on fluid characteris-
tics, cytokines, and fibrinolytic activity in malig-
nant pleural effusion. Chest 123:1188-1195
Cugell DW, Kamp DW (2004) Asbestos and
the pleura: a review. Chest 125:1103-1117
Davidson AC, George RJ, Sheldon CD, Sinha G,
Corrin B, Geddes DM (1988) Thoracoscopy:
assessment of a physician service and compari-
son of a flexible bronchoscope used as a thora-
coscope with a rigid thoracoscope. Thorax
43:327-332

de Groot M, Walther G (1998) Thoracoscopy in
undiagnosed pleural effusions. S Afr Med J
88:706-711

Diacon AH, Schuurmans MM, Theron J,
Schubert PT, Wright CA, Bolliger CT (2004)
Safety and yield of ultrasound-assisted transt-
horacic biopsy performed by pulmonologists.
Respiration 71:519-522

Duysinx B, Nguyen D, Louis R, Cataldo D,
Belhocine T, Bartsch P, Bury T (2004)
Evaluation of pleural disease with 18-fluorode-
oxyglucose positron emission tomography
imaging. Chest 125:489-493

. Fletcher SV, Clark RJ (2007) The Portsmouth

thoracoscopy experience, an evaluation of



54

J. Walters and N.A. Maskell

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

service by retrospective case note analysis.
Respir Med 101:1021-1025

Froudarakis ME (2008) Diagnostic work-up of
pleural effusions. Respiration 75:4-13

Garcia LW, Ducatman BS, Wang HH (1994)
The value of multiple fluid specimens in the
cytological diagnosis of malignancy. Mod
Pathol 7:665-668

Grogan DR, Irwin RS, Channick R, Raptopoulos V,
Curley FJ, Bartter T, Corwin RW (1990)
Complications associated with thoracentesis. A
prospective, randomized study comparing
three different methods. Arch Intern Med 150:
873-877

Grossebner MW, Arifi AA, Goddard M,
Ritchie AJ (1999) Mesothelioma—VATS
biopsy and lung mobilization improves diag-
nosis and palliation. Eur J Cardiothorac Surg
16:619-623

Harris RJ, Kavuru MS, Mehta AC, Medendorp
SV, Wiedemann HP, Kirby TJ, Rice TW (1995)
The impact of thoracoscopy on the manage-
ment of pleural disease. Chest 107:845-852
Heilo A, Stenwig AE, Solheim OP (1999)
Malignant pleural mesothelioma: US-guided
histologic core-needle biopsy. Radiology 211:
657-659

Hodgson JT, McElvenny DM, Darnton AlJ,
Price MJ, Peto J (2005) The expected burden of
mesothelioma mortality in Great Britain from
2002 to 2050. Br J Cancer 92:587-593
Ismail-Khan R, Robinson LA, Williams CC Jr,
Garrett CR, Bepler G, Simon GR (2006)
Malignant pleural mesothelioma: a comprehen-
sive review. Cancer Control 13:255-263
Jacobeus HC (1910) Uber die Mogllichkeit die
Zystoskope bei untersuchung seroser hohlun-
gen anzuwenden. Miinch Med Wochenschr 40:
2090-2092

Johnston WW (1985) The malignant pleural
effusion. A review of cytopathologic diagnoses
of 584 specimens from 472 consecutive patients.
Cancer 56:905-909

Kohan JM, Poe RH, Isracl RH, Kennedy JD,
Benazzi RB, Kallay MC, Greenblatt DW
(1986) Value of chest ultrasonography versus
decubitus roentgenography for thoracentesis.
Am Rev Respir Dis 133:1124-1126

Lee C, Bayman N, Swindell R, Faivre-Finn C
(2009) Prophylactic radiotherapy to interven-
tion sites in mesothelioma: a systematic review

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

and survey of UK practice. Lung Cancer 66:
150-156

Leung AN, Muller NL, Miller RR (1990) CT in
differential diagnosis of diffuse pleural disease.
AJR Am J Roentgenol 154:487-492

Maskell NA, Gleeson FV, Davies RJ (2003)
Standard pleural biopsy versus CT-guided cut-
ting-needle biopsy for diagnosis of malignant
disease in pleural effusions: a randomised con-
trolled trial. Lancet 361:1326-1330
McLaughlin KM, Kerr KM, Currie GP (2009)
Closed pleural biopsy to diagnose mesothe-
lioma: dead or alive? Lung Cancer 65:
388-389

Medford AR, Agrawal S, Free CM, Bennett JA
(2009) A local anaesthetic video-assisted thora-
coscopy service: prospective performance anal-
ysis in a UK tertiary respiratory centre. Lung
Cancer 66:355-358

Metintas M, Ak G, Dundar E, Yildirim H, Ozkan
R, Kurt E, Erginel S, Alatas F, Metintas S (2010)
Medical thoracoscopy versus computed tomog-
raphy guided Abrams Pleural needle biopsy for
diagnosis of patients with pleural effusions: a
randomized controlled trial. Chest 137(6):
1362-1368

Metintas M, Ak G, Parspour S, Yildirim H,
Erginel S, Alatas F, Batirel HF, Sivrikoz C,
Metintas S, Dundar E (2008) Local recur-
rence of tumor at sites of intervention in
malignant pleural mesothelioma. Lung Cancer
61:255-261

Metintas M, Ozdemir N, Isiksoy S, Kaya T,
Ekici M, Erginel S, Harmanci E, Erdinc P,
Ulgey N, Alatas F (1995) CT-guided pleu-
ral needle biopsy in the diagnosis of malig-
nant mesothelioma. J Comput Assist Tomogr
19:370-374

Munavvar M, Khan MA, Edwards J,
Wagqaruddin Z, Mills J (2007) The autoclavable
semirigid thoracoscope: the way forward in
pleural disease? Eur Respir J 29:571-574
Nance KV, Shermer RW, Askin FB (1991)
Diagnostic efficacy of pleural biopsy as com-
pared with that of pleural fluid examination.
Mod Pathol 4:320-324

O’Rourke N, Garcia JC, Paul J, Lawless C,
McMenemin R, Hill J (2007) A randomised
controlled trial of intervention site radiotherapy
in malignant pleural mesothelioma. Radiother
Oncol 84:18-22



4 Biopsy Techniques for the Diagnosis of Mesothelioma

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Otsuka H, Terazawa K, Morita N, Otomi Y,
Yamashita K, Nishitani H (2009) Is FDG-PET/
CT useful for managing malignant pleural
mesothelioma? J Med Invest 56:16-20

Pass HI (2001) Malignant pleural mesothe-
lioma: surgical roles and novel therapies. Clin
Lung Cancer 3:102-117

Peto J, Hodgson JT, Matthews FE, Jones JR
(1995) Continuing increase in mesothelioma
mortality in Britain. Lancet 345:535-539
Prakash UB, Reiman HM (1985) Comparison
of needle biopsy with cytologic analysis for the
evaluation of pleural effusion: analysis of 414
cases. Mayo Clin Proc 60:158—164

Qureshi NR, Gleeson FV (2006) Imaging of
pleural disease. Clin Chest Med 27:193-213
Rahman NM, Gleeson FV (2008) Image-guided
pleural biopsy. Curr Opin Pulm Med 14:331-336
Renshaw AA, Dean BR, Antman KH, Sugarbaker
DJ, Cibas ES (1997) The role of cytologic evalu-
ation of pleural fluid in the diagnosis of malig-
nant mesothelioma. Chest 111:106—109

Ribak J, Selikoff 1J (1992) Survival of asbestos
insulation workers with mesothelioma. Br J Ind
Med 49:732-735

Rodriguez-Panadero F, Janssen JP, Astoul P
(2006) Thoracoscopy: general overview and
place in the diagnosis and management of pleu-
ral effusion. Eur Respir J 28:409—422
Sakuraba M, Masuda K, Hebisawa A, Sagara Y,
Komatsu H (2006) Diagnostic value of thoraco-
scopic pleural biopsy for pleurisy under local
anaesthesia. ANZ J Surg 76:722-724

Sasada S, Kawahara K, Kusunoki Y, Okamoto N,
Iwasaki T, Suzuki H, Kobayashi M, Hirashima T,
Matsui K, Ohta M, Miyazawa T (2009) A new
electrocautery pleural biopsy technique using an
insulated-tip diathermic knife during semirigid
pleuroscopy. Surg Endosc 23:1901-1907

56.

57.

58.

59.

60.

61.

62.

63.

55

Scherpereel A, Astoul P, Baas P, Berghmans T,
Clayson H, de Vuyst P, Dienemann H,
Galateau-Salle F, Hennequin C, Hillerdal G,
Le Pechoux C, Mutti L, Pairon JC, Stahel R,
van Houtte P, van Meerbeeck J, Waller D,
Weder W (2010) Guidelines of the European
Respiratory Society and the European
Society of Thoracic Surgeons for the man-
agement of malignant pleural mesothelioma.
Eur Respir J 35:479-495

Simpson G (2007) Medical thoracoscopy in an
Australian regional hospital. Intern Med J 37:
267-269

Subramaniam RM, Wilcox B, Aubry MC, Jett J,
Peller PJ (2009) 18F-fluoro-2-deoxy-D-glucose
positron emission tomography and positron
emission tomography/computed tomography
imaging of malignant pleural mesothelioma.
J Med Imaging Radiat Oncol 53:160-169,
quiz 170

Tassi G, Marchetti G (2003) Minithoracoscopy:
a less invasive approach to thoracoscopy. Chest
124:1975-1977

Viskum K, Enk B (1981) Complications of tho-
racoscopy. Poumon Coeur 37:25-28

Yates DH, Corrin B, Stidolph PN, Browne K
(1997) Malignant mesothelioma in south east
England: clinicopathological experience of 272
cases. Thorax 52:507-512

Hooper C, Lee YC, Maskell NA (2010)
Investigation of a unilateral pleural effusion in
adults: British Thoracic Society pleural disease
guideline 2010. Thorax 65(suppl 2):ii4—iil7
Rahman NM, Ali NJ, Brown G, Chapman SJ,
Davies RJO, Downer NJ, Gleeson FV, Howes
TQ, Treasure T, Singh S, Phillips GD (2010)
Local anaesthetic thoracoscopy: British
Thoracic Society pleural disease guideline
2010. Thorax 65(suppl 2):1i54—ii60



	4: Biopsy Techniques for the Diagnosis of Mesothelioma
	4.1 Introduction
	4.2 Clinical Presentation
	4.3 Investigation of Pleural Effusion
	4.3.1 Cytology

	4.4 Investigation of Pleural Thickening with No Effusion
	4.5 Percutaneous Pleural Biopsy Techniques
	4.5.1 Abrams Needle
	4.5.2 Radiologically Guided Percutaneous Pleural Biopsy
	4.5.3 Positron Emission Tomography (PET) CT

	4.6 Thoracoscopy
	4.6.1 Local Anaesthetic Thoracoscopy
	4.6.2 Video-Assisted Thoracoscopic Surgery

	4.7 Open Biopsy
	4.8 Prophylactic Radiotherapy
	References


