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Abstract

The burden of malignant pleural disease continues to rise, and the discovery of a
malignant pleural effusion is a common problem in patients with lung cancer and
malignant pleural mesothelioma. Symptomatic pleural involvement can present
clinicians with a number of diagnostic and therapeutic challenges. Radiologically
apparent pleural involvement requires thorough investigation and its discovery
commonly represents metastatic disease across many tumour types.
Histopathological pleural molecular subtyping has dramatically increased the
availability of novel targeted therapies in advanced thoracic malignancy, and mod-
ern pleural intervention strategies can offer patients timely evidence-based fluid
management. The impact of modern pleural research has reshaped the way in
which patients are managed, shifting from what was historically a more surgical
and radiological domain to the more medically focused approach. Developing
pleural teams are in an excellent position to influence change in the current eco-
nomically challenging environment by providing this group of patients with
advanced disease, rapid management in an ambulatory setting. The use of vali-
dated prognostication tools and image-guided symptom control strategies help us
to offer our patients more individualised pleural management. The chapter aims to
summarise the available data around the pathophysiological mechanisms of pleural
fluid production whilst considering methods of investigation, tumour staging and
prognostication through to patient focused, therapeutic intervention strategies.
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Burden of Disease

Cancer is the leading cause of death globally accounting for around 8.8 million
deaths annually. The World Health Organisation suggest that with lung cancer
accounting more than 1.69 million deaths annually worldwide, it remains one the
most frequent causes of cancer-related mortality, and is arguably the most deadly
[36]. In men, around 85-90% of the cases of lung cancer are found to be attributable
to tobacco smoking, and there remains a year-on-year global increase [36]. The
majority of patients with lung cancer will present at stages III and IV with an overall
survival of just 9.5-16.8%, respectively [13]. Regardless of gender, lung cancer
remains a leading cause of mortality worldwide (WHO 2018 [36]; National Lung
Cancer [22]; Torre et al. [31]).

Despite this, one of the greatest advances in modern lung cancer management
over the last decade is the concept of personalised medicine, whereby therapeutic
intervention is based upon specific histologic and genetic tumour characteristics
[32]. In terms of cell types, non-small cell lung cancer (NSCLC) is the commonest
type of lung cancer with an overall diagnostic incidence of 85% in all lung cancer
cases. The two most common histopathologic large cell subtypes are that of adeno-
carcinoma and squamous cell carcinoma. Historically, little attention was paid to
subtype distinction in those smaller tissues samples, and no therapeutic implica-
tions existed within the NSCLC classification. The situation changed dramatically
with the discovery of the novel effective inhibitor targets, epidermal growth factor
(EGFR) mutations and anaplastic lymphoma kinase (ALK) rearrangements in
patients with advanced lung adenocarcinoma [32]. Histopathological molecular
testing is now a prerequisite in those tumours classified as adenocarcinoma or
when an adenocarcinoma cannot be excluded. These advances in the understand-
ing of such specific molecular pathways and genomic subtyping using immunohis-
tochemistry have allowed clinicians offer a much more focused approach with
genetically targeted immunological anticancer therapies [36].

Neuroendocrine tumours are found in up to 20% of lung cancer with its histo-
logical subtypes including large cell neuroendocrine carcinoma (LCNEC) and small
cell lung cancer (SCLC). The tumours are high-grade and largely peripheral, are
commonly associated with cigarette smoking and have a much higher incidence in
men once again. SCLC is distinguishable from NSCLC due to its rapid doubling
time, high growth fraction and the early development of distant metastases [8].
NICE recommend assessment by a thoracic oncologist within one week following a
decision to treat SCLC [21]. Although SCLC is known to be highly responsive to
chemotherapy and radiotherapy, it is particularly aggressive with the majority of
patients seeing a relapse with this broadly resistant disease, often at just a few
months from the initial therapy.

In terms of occupationally related deaths, it is estimated that globally there are
2.3 million each year, with asbestos exposure contributing to the largest proportion
of deaths [28]. Malignant pleural mesothelioma is a rare but fatal form of thoracic
cancer meaning that a thorough occupational history and para-exposure history
should be sought in those patients presenting with a suspected pleural malignancies
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with a causal link to asbestos exposure. High-risk occupations include dock and
shipyard workers, electricians, plumbers and launderers [35]. The true global bur-
den of disease from mesothelioma remains unclear; however, Delgermaa et al. [7]
suggest crude and age-adjusted mortality rates for all mesothelioma deaths of 6.2
and 4.9 per million population, respectively, with a mean age at death of 70 years.
The associated risk factors for a malignant pleural mesothelioma include a male
prevalence and occupational exposure, and rarely, in familial cases, it is linked to
the mutation of the breast cancer (BAP1) gene [35].

The NICE 2015 clinical guideline recommends a referral for an urgent chest
radiograph to exclude mesothelioma in those aged over 40, who present with unex-
plained symptoms of cough, fatigue, breathlessness, chest pain and anorexia, when
they may have never smoked or have evidence of prior asbestos exposure [20].
Pleural malignancy when discovered is typically unilateral, with bilateral involve-
ment accounting for just 3% of cases, and a differentiation between a malignant
pleural mesothelioma and metastatic pleural malignancy remains challenging [35].
The more recently published British Thoracic Society Mesothelioma [35] guide-
lines also advocate a more targeted approach in terms of diagnostic immunohisto-
chemistry from both pleural biopsy and pleural cytology specimens. It is
recommended that those who are diagnosed with lung cancer and mesothelioma
have a care plan based on a holistic needs assessment at diagnosis and other key
stages of care [19].

Pathophysiology and Pleural Burden

The pleura is a delicate membrane of mesothelial cells covering the lung and inner
surface of the chest cavity, creating a pleural space or cavity that usually contains
around 0.1-0.2 mL/Kg of fluid bilaterally. The pleural cavity is enclosed between
the parietal mesothelium which is located on the inner surface of the thorax, the
diaphragm and the mediastinal tissues and the visceral mesothelium present on the
lung surfaces, and both membranes are joined at the level of the hilae. The pleural
space and the physiological composition of the serous pleural fluid allows an almost
frictionless apposition of the mesothelia throughout respiration, thus limiting any
damage to opposing sliding surfaces (Negrini in Astoul [23]). The pleural fluid pro-
vides the essential lubrication which enables a synchronous lung and chest wall
movement of which has been thought to facilitate adequate ventilation. Interestingly
however, human studies do not appear to show any long lasting ventilatory effects
following surgical removal in pleurectomy or following a chemical pleurodesis of
this complex structure, thus raising the question of its physiological relevance [14].

In health, fluid enters the pleural space through the capillary network following
which it is efficiently removed via the lymphatics of the parietal pleura. The normal
volume of pleural fluid in an adult is around 17mls/day for a 70 kg person with a total
pleural drainage of up to 1-2 L/day. The pleural lymphatics system has a large absorp-
tion capacity with a rate of reabsorption at 20 times the rate of production [17].
A pleural effusion quite simply describes an excess volume of fluid within the pleural
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cavity between the parietal and visceral pleura. Excessive fluid accumulation occurs
when there are pathophysiological processes involving inflammation and impaired
lymphatic drainage causing an imbalance between fluid production and fluid absorp-
tion [2]. An accumulation of pleural fluid can give rise to a restriction in forced vital
capacity resulting in a ventilation defect; however, this commonly depends upon the
amount of fluid, the rate of development and the underlying aetiology of disease.

It is well known that a number of both pulmonary and systemic causes can give
rise to the pathological accumulation of pleural fluid. The diagnostic differentia-
tion of pleural transudates and exudates following thoracentesis remains the single
most important step in determining the aetiology of a pleural effusion [14]. A pleu-
ral fluid exudate is determined by a pleural protein of >30 g/L, and subsequent
evaluation of the pleural pH, glucose, lactate dehydrogenase (LDH) red cell counts
and gram staining and cytological analysis are required to further identify the
underlying cause.

These are complex pathophysiological processes, and there can be an overlap
within identification, for example, 25% of heart failure-related effusions may be
exudative, especially when a patient is taking diuretics whereby a small number of
transudative effusions may be proven malignant [14]. Light’s criteria can help fur-
ther determine a transudate from an exudate. The three determinants that can be
used are (a) pleural protein/serum protein ratio of >0.5 (b) pleural LDH/serum LDH
ratio >0.6 or (c) pleural LDH >two thirds the upper limit of the laboratory reference
range of serum LDH [12].

A radiologically apparent pleural effusion can be found in up to 0.3% of the
population per annum [16]. A confirmed exudative pleural effusion following thora-
centesis suggests disease from within the parietal pleura, and this can be due to a
variety of inflammatory conditions with pneumonia being the most common.
Patients with a symptomatic pleural effusion often present through an emergency
route, commonly requiring both urgent diagnostic and therapeutic intervention of
common symptoms that may be suspicious for malignancy. Unilateral pleural effu-
sions or persistent bilateral effusions will almost always require additional evalua-
tion to exclude an underlying malignancy in those fit enough for further investigation.
The discovery of a malignant pleural effusion represents advanced metastatic dis-
ease and is seen in around 7-23% of patients with lung cancer, significantly affect-
ing tumour staging and overall prognosis [16].

The precise pathophysiological mechanisms of pleural fluid formation and
absorption will often depend upon the underlying aetiology [27]; however, radio-
logically apparent pleural effusions, pleural thickening or nodularity is concerning
for malignancy, and such discovery will almost always require thorough investiga-
tion. A malignant pleural effusion is simply defined as an excess accumulation of
exudative pleural fluid with the discovery of malignant cells [26]. Modern guidance
and diagnostic pathways can help guide timing and urgency within the investigation
of a pleural effusion, with the primary aim of establishing an underlying definitive
diagnosis and excluding malignant disease [2] (Fig. 15.1).

It is well described that lung cancer commonly affects the pleura in a number of
ways, and whilst most confirmed pleural effusions in this setting are proven to be
malignant, a nodular malignant extension to the pleural may not always produce a
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Symptoms and signs suggestive of pleural effusion

Confirmed on chest radiograph?

Yes No
Respiratory distress? Seek alternative diagnosis
Yes No
Refer to acute services Bilateral effusions?
No Yes

Simple investigations for transudative
causes (for example, echocardiography,
serum NT-pro brain natriuretic peptide,
renal function, liver function) with
treatment as needed

Resolved?
No Yes

Refer to secondary care
Perform routine blood tests and consider computed tomography of chest

Clinical assessment

Indication for inpatient drain?

Yes No
Insert chest drain under Diagnostic or therapeutic aspiration
ultrasound guidance and admit under ultrasound guidance

Send pleural fluid samples (usually for pH, protein, lactate
dehydrogenase, glucose, culture and microscopy, and cytology)

Discuss with respiratory or pleural team regarding possibility
of ambulatory management or follow-up with results

Confirm diagnosis and treatment plan

Fig. 15.1 Suggested algorithm for the early investigation of suspected pleural effusion [2].
(Permission granted by BMJ Publishing Group)

radiographically apparent effusion on chest imaging [16]. The goal of any initial
evaluation in a suspected pleural malignancy is to obtain sufficient clinical and
radiological information in order to inform suitable diagnostic tissue biopsy sam-
pling, tumour staging and targeted treatment [30]. Pleural cytology has a mean sen-
sitivity of 60%; however, yield depends upon the underlying tumour, sample
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preparation and pathologist experience [26]. Tumour cells tend to metastasise
through the ipsilateral visceral pleura via the pulmonary vessels, and secondary dis-
semination of the parietal pleura occurs by seeding along adhesions in the pleural
fluid [26].

Up to 70% of exudative pleural effusions will have malignancy confirmed with
histological analysis [38]. Lung cancer, breast cancer and lymphoma are the com-
monest causes of malignant pleural effusion. It has been estimated that as many as
100,000 patients per year who have been diagnosed with lung cancer will go on to
develop a pleural effusion with associated poor quality of life, affecting morbidity
and mortality [16]. Malignant pleural mesothelioma is the most common type of
primary pleural malignancy associated with a malignant pleural effusion [26]. The
incidence of all-cause pleural malignancy continues to rise despite tumour type due
to an ageing population with greater comorbidity [14]. There remains a steady
increase in the number of confirmed lung cancer and malignant pleural mesotheli-
oma cases, with presentation at stage [V remaining our biggest challenge [22].

Tumour Staging

The majority of malignant pleural effusion is caused by metastatic disease, and
most commonly associated with lung cancer in men [26]. Modern lung cancer strat-
egies continue to improve, and accurate tumour staging remains an essential ele-
ment of such lung cancer management and prognostication. The globally validated
TNM system considers anatomical spread of cancer by factors of tumour size and
invasion, extent of lymphatic spread and presence of metastatic disease, and it
informs multidisciplinary strategies for both clinical and surgical staging investiga-
tions and appropriate treatment strategies [37].

The International Association for the Study of Lung Cancer (IASLC) staging and
prognostic factors committee examined data from 94,708 cases of lung cancer from
around 16 countries around the globe. After exclusions, 70,967 cases of NSCLC
and 6189 cases of SCLC were analysed to inform the eighth edition of the TNM
classification for lung cancer. Updated descriptors and categories led to the migra-
tion of certain TNM subsets based upon survival analysis [9]. In terms of malignant
pleural mesothelioma, data from 1987 patients across 29 centres was analysed. This
comprised of 509 cases with only clinical staging information, 836 cases with only
pathological staging information and 642 cases with both clinical and pathological
information available [35] (Fig. 15.2).

Imaging

It is essential to confirm the aetiology of a pleural effusion in order to provide the
most clinically appropriate and timely treatment. The role of imaging is firmly
established in the workup of a suspected malignant pleural effusion [26]. It is known
that malignant infiltration of the pleura is common across a number of different
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Primary Lung cancer Primary Mesothelioma
tumour (T) tumour (T)
Tx Primary tumour cannot be Tx Primary tumour cannot be assessed
assessed or tumour proven by
presence of malignant cells in
sputum or bronchial washings but
not visualised by imaging or
bronchoscopy
TO No evidence of primary tumour TO No evidence of primary tumour
Tis Carcinoma in situ
T
T1a (mi) Minimally invasive carcinoma T Tumour limited to the ipsilateral
Tia Tumour <1 cm in greatest parietal pleura with or without
dimensions diaphragmatic pleural involvement
T1ib Tumour >1 cm but <2 cm in
greatest dimensions T1a No involvement of visceral pleura
Tic Tumour >2 cm but <3 cm in
greatest dimensions T1b Tumour involvingvisceral pleura
T2 Tumour >3 cm but <5 cm or T2 Tumourinvolving each of the
tumour with any of the following ipsilateral pleural surfaces (parietal,
features: diaphragmatic and visceral pleura)
- Involves main with at least 1 of the following:
bronchus regardless of - Involvement of the
distance from the diaphragmatic muscle
carina but without - Involvement of tumour from
involvement of the the visceral pleura into the
carina underlying pulmonary
- Invades visceral pleura parenchyma
- Associated with
atelectasis or
obstructive
pneumonitis that
extends to the hilar
region, involving part
or all of the lung
Tumour >3 cm but <4 cmin
T2a greatest dimension
Tumour >4 cm but <5 cmin
T2b greatest dimension
T3 Tumour >5 cm but <7 cmin T3 Locally advanced but potentially
greatest dimension or associated respectable tumour; tumour involving
with separate tumour nodule(s) in all of the ipsilateral pleural surfaces
the same lobe as the primary (parietal, mediastinal, diaphragmatic,
tumour or directly invades any of and visceral pleura) with at least 1 of
the following structures: chest the following:
wall (including the parietal pleura - Involvement of the
and superior sulcus tumours), endothoracic fascia
phrenic nerve, parietal - Extension into the
pericardium mediastinal fat
- Solitary, completely
respectable focus of tumour
extending into the soft tissue
of the chest wall
- Nontransmural involvement
of the pericardium

Fig. 15.2 Combined TNM staging from (a) the eighth edition of TNM classification for lung
cancer (Goldstraw et al. [9]) and (b) eighth edition AJCC/UICC staging for malignant pleural
mesothelioma [35]. (Produced with permission from Elsevier and Thorax respectively)
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to the seventh
edition are in
bold.

T4 Tumour >7 cm in greatest T4 Locally advanced, technically
dimension or associated with unresectable tumour; tumour
separate tumour nodule(s) in a involving all of the ipsilateral pleural
different ipsilateral lobe than that surfaces (parietal, mediastinal,
of the primary tumour or invades diaphragmatic, and visceral pleura)
any of the following structures: with at least 1 of the following:
diaphragm, mediastinum, heart, - Diffuse extension or multifocal
great vessels, trachea, recurrent masses of tumour in the chest
laryngeal nerve, oesophagus, wall, with or without associated
vertebral body, and carina rib destruction

- Direct diaphragmatic extension
of the tumour to the peritoneum

- Direct extension of the tumour to
the contralateral pleura

- Direct extension of the tumour to
a mediastinal organ

- Direct extension of the tumour
into the spine

- Tumour extending through to the
internal surface of the
pericardium with or without a
pericardial effusion or tumour
involving the myocardium

Lymph Lung cancer Lymph Mesothelioma

node node

involvement involvement

(N) (N)

Nx Regional lymph nodes cannot be Nx Regional lymph nodes cannot be
assessed assessed

NO No regional lymph node NO No regional lymph node metastasis
metastasis

N1 Metastasis in ipsilateral N1 Metastases in the ipsilateral
peribronchial and/or ipsilateral bronchopulmonary, hilar or
hilar lymph nodes and mediastinal (including the internal
intrapulmonary nodes, including mammary, peridiaphragmatic,
involvement by direct extension pericardial fat pad or intercostal

lymph nodes) lymph nodes

N2 Metastasis in ipsilateral N2 Metastases in the contralateral
mediastinal and/or subcarinal mediastinal, ipsilateral or contralateral
lymph node(s) supraclavicular lymph nodes

N3 Metastasis in contralateral - -
mediastinal, contralateral hilar,
ipsilateral or contralateral scalene,
or supraclavicular lymph node(s)

Distant Lung cancer Distant Mesothelioma

metastases metastases

(M) (M)

MO No distant metastasis MO No distant metastasis

M1 Distant metastasis present M1 Distant metastasis present

Mla Separate tumour nodule(s) in a
contralateral lobe; tumour with
pleural or pericardial nodule(s) or
malignant pleural or pericardial
effusion

M1b Single extra thoracic metastasis

Mic Multiple extra thoracic
metastases in one or more
organs

NB: Changes

Fig. 15.2 (continued)
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tumour types; however, pleural burden in the setting of lung cancer remains the
highest incidence and often indicates an overall poor prognosis. Confirming malig-
nant pleural disease in any setting can be challenging for practitioners and requires
appropriate clinical examination, targeted chest radiographic techniques and timely
referral. Pleural disease burden represents a significant challenge to both patients
and healthcare resources in such a demanding economic environment.

Various imaging modalities are available to help guide diagnosis and optimise
ongoing management strategies in pleural burden. Whilst there are several available
imaging techniques, a posterior-anterior chest radiograph (CXR) remains the pri-
mary imaging method in an initial survey, often providing early indicators within
initial tumour staging [33]. Pleural effusions may be radiologically apparent as
blunting of the costophrenic recess on a chest radiograph with as little as 200mls of
fluid and pleural deposits or thickening may be seen. Up to 15% of patients with
lung cancer will have a demonstrable pleural effusion on chest radiograph at diag-
nosis [16]. Further diagnostic evaluation of the pleura will require the application of
other imaging modalities such as thoracic ultrasound, computed tomographic (CT)
scans of the thorax and abdomen, magnetic resonance imaging (MRI) and F-18-
fluorodeoxyglucose positron emission tomography (FDG-PET) in order to detect
thickened pleura or the malignant invasion of underlying structures.

Contrast-enhanced CT scanning is the current gold standard imaging modality
for the pleura when seeking a diagnosis in a newly discovered pleural effusion;
it may not only reveal a primary tumour, pleural thickening or nodularity but also
may identify potential biopsy targets [2]. However, CT is not perfect, and data
suggests that this modality will not demonstrate definitive evidence of malig-
nancy in up to one in three patients with a pleural malignancy. Therefore, careful
follow-up and assessment of suitability for further invasive diagnostic investiga-
tion depending upon performance status may be indicated if malignant radiologi-
cal characteristics are not identifiable [26].

As in all areas of medicine, improving safety within invasive thoracic investiga-
tions is essential. The National Patient Safety Agency [11] undertook a review of 12
deaths and 15 cases of serious harm following pleural intervention. Common themes
were identified around level of experience, supervision, site of intervention, ana-
tomical anomalies and inadequate imaging. The report suggested that trainees
should consider certain variables for pleural intervention including timing, training
and familiarity of equipment, and it strongly advised the use of thoracic ultrasound
for pleural intervention. The NPSA reports recommendation was mirrored by the
British Thoracic Society pleural guidelines, whose evidence concur that ultrasound
guidance will both increase the likelihood of success and reduce the risk of organ
puncture in pleural intervention [10].

Much data exists suggesting thoracic ultrasound is a highly specific and sensitive
tool used within imaging of the pleura. Thoracic ultrasound provides pleural teams
with an instantly available imaging modality of increased sensitivity when quantify-
ing and detecting pleural fluid in comparison to that of a plain chest radiograph alone.
The discovery of pleural or diaphragmatic thickening and nodularity on thoracic
ultrasound is highly specific for malignancy and can inform timely investigation into
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suspected malignancy [26]. The use of thoracic ultrasound is now commonplace in
modern pleural management, and its diagnostic role in pleural burden extends beyond
the identification of safe aspiration of fluid [10]. Ultrasound is not only more sensi-
tive in detecting pleural fluid to help guide pleural drainage techniques and pleural-
based masses, pleural thickening or nodularity is also easily visualised to improve
reliability within the acquisition of targeted pleural biopsies [16]. Thoracic ultra-
sound guidance is well known to improve the rate of successful pleural intervention
and reduce the risk of complications, with a sensitivity and specificity of 76.6% and
60.3% when compared to clinical judgement versus ultrasound, respectively [10].

Thoracic imaging modalities in pleural malignancy may confirm the presence of
a non-expandable or trapped lung, suggesting an inability of the lung to expand
normally within the pleural space [3]. Such radiological diagnoses of pleural burden
combined with the subsequent discovery of malignant cells within the parietal
pleura and pleural fluid reflect disseminated disease and poor performance status.
Overwhelming symptomatic dyspnoea is described as the commonest symptom in
this setting, reflecting a reduced compliance of the chest wall, depression of the
ipsilateral diaphragm, mediastinal shift leading to a reduction in lung volume and
impaired ventilation [27] (Fig. 15.3).

Patients with such extensive pleural burden often present in a debilitated state
with a myriad of disabling symptoms including cough, chest discomfort, poor appe-
tite, weakness and lethargy. Abnormal thoracic imaging can require a number of
diagnostic and therapeutic strategies using invasive techniques such as thoracente-
sis, intercostal chest drain insertion, thoracoscopy and targeted pleural biopsy
depending upon performance status and overall prognosis [18].

Prognostication

Many factors are used to predict overall survival in malignant pleural disease burden
with the decision to offer pleural intervention depending upon the patients wishes,
presence of symptoms and mean survival rate. Prognostication in malignant pleural
disease depends upon a number of variables, and an individualised approach to
predicting survival should be taken. Appropriate patient selection is vital, and it is
essential that any pleural procedures are carried out in the patients’ best interest and
not just because of technical possibility [3]. Treatment options are often determined
by symptoms, performance status, tumour type and its response to systemic therapy
and the degree of expansile lung [27].

It is known that a malignant pleural effusion represents advanced metastatic
disease, and data suggests a median survival of 3—12 months, dependent upon a
number of individual factors, with the shortest recognised survival time com-
monly observed in those malignant effusions secondary to lung cancer [4, 15, 27].
Research suggests that a massive pleural effusion is associated with a worse prog-
nosis, independent of age or histological tumour type, and survival time is worse
in all stages of lung cancer [38].
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Fig. 15.3 (a) Chest radiograph showing complete whiteout of the left hemithorax. The central
location of the trachea concurs with the presence of underlying lung collapse and pleural effusion.
(b) Thoracic ultrasound showing an echogenic pleural effusion, diaphragmatic inversion and nodu-
larity. Transverse (¢) and coronal (d) computed tomography images confirming complete left lung
collapse and an associated pleural effusion. (Produced with permission from Wilczynska and
Davies [34])

A large number of mainly retrospective studies have examined factors determin-
ing prognosis. Analysis of demographics, pathological tumour type, symptoms, per-
formance status and markers of inflammation have been examined in an attempt to
determine accurate prognosis when guiding management [35]. The retrospective
data consistently demonstrated that performance status was an independent predic-
tor of survival in malignant pleural disease allowing appropriate selection for pallia-
tive management; however, there was a need for wider research [38]. Chest wall
pain and weight loss have also been examined as prognostic variables in malignant
pleural mesothelioma, and both were independently associated with poorer overall
survival and the recent mesothelioma guidelines recommending the use of prognos-
tic scores at diagnosis [35].
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Clive et al. [4] provided the largest series of prospective prognostication data to
inform their LENT predictive tool. Data were obtained from 221 patients from the
UK, the Netherlands and Australian cohorts, and survival analysis was examined.
The data found a wide range of median survival, with a 74-day median survival in
the lung cancer group when compared with 339 days in the malignant pleural meso-
thelioma group. A clinical risk score was created to help predict survival and guide
management in those with a malignant pleural effusion. The LENT score examined
four key variables inclusive of pleural fluid lactate dehydrogenase (LDH), eastern
cooperative oncology group (ECOG) performance status, serum neutrophil to lym-
phocyte ratio (NLR), and histological tumour type. The combined LENT prognos-
tication score risk stratified patients into low-, medium- and high-risk groups with a
median (IQR) survival of 319, 130 and 44 days, respectively. Again, those with lung
cancer commonly fell into the highest-risk category, and systemic inflammation was
an important risk factor. A higher LENT score was found to be associated with a
worse overall prognosis, and combined scoring was found to be statistically supe-
rior to that of performance status alone [4].

Validated prognostic scores are easy to calculate and can often help inform clini-
cians when considering suitability for pleural intervention. Pleural drainage may
not offer an overall survival benefit; however, any subsequent interventions should
be aimed at relieving disabling respiratory symptoms and improving quality of life.
Therapeutic pleural drainage can rapidly improve performance status thus having a
positive effect upon quality of life in patients with advanced malignancy. It is well
reported that symptomatic malignant pleural effusion represents an advanced meta-
static disease, and given the continued rise in new cancer diagnoses, the pleural
burden for the patient often remains high [4]. In terms of prognostication, when
expected survival is short, a less-invasive and palliative-focused end of life approach
is preferred [38].

Pleural Management Strategies

Modern oncological treatments are more advanced, and accurate prognostication
at presentation may help individualise treatment strategies [4]. Pleural disease is
recognised as an important subspecialty within respiratory medicine, and more
recently there has been a paradigm shift from the traditional surgical approach to a
more medically and patient focused perspective. Historically, patients with malig-
nant pleural disease were often managed conservatively, whereas more recently
patients presenting with a suspected pleural malignancy are now “genotyped, phe-
notyped and treated on an ambulatory basis” [26].

Specialist pleural teams are in a position to offer patients who have tradition-
ally needed extended admissions, more timely pleural intervention in an ambula-
tory setting. Not only does this approach demonstrate improved patient safety, it
also has positive effects upon waiting times, admission duration and overall bed
day costs. Hospital pleural teams are truly multidisciplinary usually with a lead
respiratory consultant with an interest in pleural disease management at its core.
A clinical nurse specialist is essential for holistic needs assessments and advance
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care planning, research and, more recently, many have developed practical skills
within thoracic ultrasound and autonomous pleural intervention. A successful
pleural service depends upon the support of a wide array of specialist services
across oncology, radiology, pathology, nursing, clerical and surgical teams.
Pleural teams are in an excellent position to streamline care and enhance a patient-
focused pathway, and such specialist review not only informs early diagnoses and
prognosis but also provides rapid therapeutic intervention whilst strengthening
practical training across specialities [1]. Enhancing pleural disease pathways
however remains dependent upon the availability of pleural facilities available
within individual organisations [3].

Guidelines suggest that a malignant pleural effusion is best managed through
complete pleural drainage and instillation of a sclerosant to promote pleurodesis to
prevent reaccumulation or by the insertion of a more permanent device to enable
repeated community drainage [27]. The Clive et al. [5] Cochrane meta-analysis
examined 62 studies involving 3248 patients to try to determine the optimal man-
agement for adults with a malignant pleural effusion in terms of pleurodesis success
[5]. They examined administration of a pleurodesis agent using a chest tube or tho-
racoscopy and indwelling pleural catheters. The outcome suggested that talc pou-
drage following medical thoracoscopy appeared to be the most effective method of
preventing fluid reaccumulation; however, patient-centred outcomes including side
effects, quality of life and patient satisfaction were inconsistently reported calling
for wider research in this area [5] (Fig. 15.4).

Patient presentation and the subsequent urgency of intervention for a pleural effu-
sion will always depend upon the magnitude of pleural burden, the rate of fluid accu-
mulation and the patients underlying respiratory reserve [2]. The majority of patients
with malignant pleural disease, especially in those with a massive pleural effusion,
will be symptomatic, and modern guidance advocates timely and definitive manage-
ment strategies over repeated thoracentesis [24]. Patients should always be offered an
initial therapeutic procedure to assess both symptomatic improvement and rate of
fluid reaccumulation before considering patient-focused definitive management [26].
If the patient does not gain relief from pleural drainage, then further invasive manage-
ment is rarely indicated, and a more supportive, palliative care-based approach should
be taken. Any informed treatment decisions should always be patient-centred and rec-
ommendations should be based upon performance status, burden of symptoms and
expected survival times using evidence-based prognostication [3, 4, 27, 35].

Observation

All patients presenting with a unilateral pleural effusion should have timely and
appropriate investigations to exclude malignancy, and pleural investigations for
bilateral pleural effusion may be considered if there are atypical features or a failure
to respond to initial therapy [10]. Standard blood tests can be helpful to assess for
the presence of co-existing infection or blood loss, and they also help evaluate car-
diac, renal and hepatic function in order to inform differential diagnoses [2].
Observation is rarely indicated in the setting of confirmed malignancy as most
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[ Known malignant pleural effusion ]

Symptomatic? Observe

| Refer to respiratory medicine |

Aspirate as required to
control symptoms

Prognosis >1
month

Trapped lung?

Yes No/don't know

Effusion drainage
+ pleurodesis

/ either

Intercostal tube |

Complete? *

Pleurodesis unlikely
to succeed —
consider indwelling
pleural catheter

Trapped
lung? *

Thoracoscopy and talc
poudrage

Talc slurry

Consider indwelling
pleural catheter or
repeat pleurodesis

Pleurodesis
successful?

* There is no evidence as to what proportion of unapposed
pleura prevents pleurodesis. We suggest that <50% pleural
apposition is unlikely to lead to successful pleurodesis

Fig. 15.4 Management algorithm for malignant pleural effusion [27]. (Produced with permission
from BMJ Publishing Group Ltd. & British Thoracic Society)
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patients with a radiologically apparent pleural effusion will have presented with
significant symptoms of breathlessness and cough, with a number experiencing dis-
abling chest pain due to disseminated pleural malignancy. Howevere, there are a
small proportion of patients in whom pleural disease is found incidentally upon
routine chest imaging, and they may describe minimal symptoms. In those with a
confirmed malignant pleural effusion, observation may be recommended if a patient
is asymptomatic and the tumour type is known; however, most patients should be
offered early follow-up and be made aware of the available treatment options for
definitive pleural intervention as most will become symptomatic over time [27].

Thoracentesis

Thoracentesis or pleural aspiartion is defined as a minimally invasive, sterile proce-
dure, whereby a needle or catheter is inserted through the subcutaneous tissues of
the thorax, over the superior surface of the rib, avoiding the intercostal neurovascu-
lar bundle, through the parietal pleura and into the pleural cavity in order to obtain
a pleural fluid sample. This is usually the first-line enquiry when investigating an
unexplained unilateral pleural effusion or persistent bilateral pleural effusion. In
those patients presenting with larger pleural effusions in the setting of a known
malignancy, both a diagnostic and therapeutic approach is also required, not only to
confirm if the histological cell type is related to a known malignancy or if a synchro-
nous primary exists. The risks of thoracentesis include bleeding, infection, pneumo-
thorax and visceral injury, but these risks are reduced with an experienced operator
or an appropriately supervised trainee. With re-expansion pulmonary oedema after
the removal of larger volumes of fluid, however, the risk is low [26]. The safety of
pleural intervention will be further enhanced through the use of point-of-care tho-
racic ultrasound, leading to a greater chance of success within both diagnostic aspi-
ration and therapeutic drainage of larger volumes [2]. The primary aims of
thoracentesis in this setting are to both secure a pathological tissue diagnosis and
alleviate any disabling symptoms that a pleural effusion may cause.

The sensitivity of a cytological yield following thoracentesis in a suspected
malignant pleural effusion often depends upon the underlying malignancy but in
diagnostic terms, pleural sampling may give rise to an overall initial diagnostic
sensitivity in up to 60% of cases [27]. Histopathological analysis of pleural fluid in
lung adenocarcinoma may have a 78% yield, whereas confirmation of mesotheli-
oma and squamous cell carcinoma represents 27% and 25%, respectively [25].
Conversely, there are also a small number of patients with lung cancer in whom
microscopic pleural analysis actually excludes a metastatic pleural malignancy, in
which case it is recommended that the pleural effusion is excluded as an M1a stag-
ing descriptor [9]. The diagnosis of a malignant pleural mesothelioma from cyto-
logical pleural fluid testing is known to be highly variable, ranging from 16% to
73%, with immunohistochemistry from a pleural biopsy shown to give a more con-
sistent yield in the mesothelial subtypes of epithelioid, sarcomatoid and biphasic
mesothelioma. Although lung cancer is reported to be associated with short median
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survival times, non-epithelioid histology in the setting of malignant pleural meso-
thelioma is also associated with a significantly shorter overall survival [35].
Histological confirmation in all-cause malignancy within the pleura or pleural
fluid represents advanced disease and presents practitioners with complex manage-
ment challenges around early symptom control, prognostication and choice, in terms
of suitability for definitive pleural management. This patient group have a high bur-
den of disease with a worse prognosis and minimal life expectancy with a deteriorat-
ing performance status. Repeated therapeutic thoracentesis is only usually
recommended for those with chemotherapy-sensitive tumours such as SCLC and
lymphoma to enable early treatment or in those obviously at the end of life [26].
A more definitive approach is usually preferred in all tumour types to enhance longer-
term symptomatic relief and reduce the risk of pleural adhesions that may complicate
thoracoscopic poudrage or indwelling pleural catheter insertion at a later date.

Intercostal Chest Drain

Small-bore Seldinger tube drains are traditionally used in the drainage of malig-
nant pleural effusions allowing subsequent insertion of sterile-graded talc as a scle-
rosant to aid pleurodesis. Chest drains for pleural effusions are inserted using
point-of-care thoracic ultrasound, and larger effusions should be drained in a con-
trolled manner in order to reduce the risk of re-expansion pulmonary oedema. The
insertion of talc slurry into a chest drain is thought to cause an acute inflammatory
response through the local activation of the coagulation cascade and fibrin deposi-
tion [27]. Successful pleurodesis is defined as fusion of the parietal to visceral
pleural with resulting obliteration of the pleural space [26]. The most important
requirement that informs the potential effectiveness of pleurodesis is a radiologi-
cally confirmed apposition of the parietal and visceral pleura. Incomplete expan-
sion may be caused by pleural thickening in a non-expandable or trapped lung, and
proximal large airway obstruction from tumour or persistent air leaks are known to
be associated with pleurodesis failure [27]. Intercostal chest drains play an impor-
tant part in the management of pleural effusions; however, they are usually associ-
ated with prolonged hospital stays of between 4 and 7 days for talc pleurodesis [26]
and a greater risk of complications including unintentional displacement, persis-
tent air leaks, and interpleural infection. Although more modern pleural interven-
tion has largely replaced the standard use of Seldinger drains, they still play a part
in those decompensated patients presenting an emergency with a massive pleural
effusion requiring urgent pleural intervention.

Thoracoscopy

Thoracoscopy either under sedation or general anaesthesia is the investigation
of choice for the diagnosis of a suspected malignant exudative pleural effusion
in those with inconclusive pleural cytology [10]. It is also useful for complete
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pleural drainage and talc poudrage in those with a better performance status and
a confirmed malignant pleural effusion, and it is associated with a more success-
ful chance of pleurodesis in around 80-90% of patients [10, 27]. The ultra-
sound-guided procedure involves the introduction of an induced pneumothorax
followed by complete drainage of pleural fluid, acquisition of fluoroscopic pleu-
ral biopsies and, finally, directly visualised talc poudrage in the majority of
patients. An overnight admission is usually required in order to reinflate the
induced pneumothorax; however, larger centres have demonstrated shorter stays
with the use of portable suction devices.

The more invasive, surgical video-assisted thoracoscopy that is performed under
general anaesthesia and requires single lung ventilation. It remains appropriate in a
subset of patients with benefits demonstrated in those with smaller pleural effusions
containing more septations and adhesions [29]. The overall advantage, however, is
that the surgeons are in a better position to proceed with other thoracic surgical
options at the time of procedure if deemed appropriate [10]. The alternative approach
of local anaesthetic thoracoscopy performed by respiratory physicians under seda-
tion, when compared to surgical video-assisted thoracoscopy, is an increasingly
available alternative offering a similar diagnostic sensitivity of 92.6% in compari-
son to 95%, respectively [2, 10]. Thoracoscopy is a safe and well-tolerated proce-
dure in carefully selected patients, it has a low perioperative mortality rate of <0.5%
[27], and major complications such as empyema, haemorrhage and pneumonia are
rare [10].

Indwelling Pleural Catheter

Traditionally, patients presenting with a suspected pleural effusion would be admit-
ted to a secondary care facility for a battery of diagnostic investigations and extended
therapeutic intervention; however, changes in attitudes and technology now facili-
tate an ambulatory care model in this setting [2].

Fenestrated indwelling silicone pleural catheters are now commonplace in the
developed world, and although traditionally only recommended for those with an
underlying non-expandable or trapped lung, or failed pleurodesis, there has been a
shift towards their first-line use as an alternative to pleurodesis following the
TIME-2 trial [3, 6]. Patients may wish to minimise the time spent in hospital by
choosing an indwelling pleural catheter over attempted pleurodesis given median
predicted survival times of just 44 days (Clive et al. [4]). Indwelling pleural cathe-
ters were reported to improve breathlessness when compared to talc slurry pleurode-
sis, despite lower pleurodesis success rates (Clive et al. [5]; Fig. 15.5).

Tunnelled catheters are inserted as a day case using point-of-care ultrasound
guidance, allowing community drainage with the cost-effective devices [16].
Complications following insertion are rare but may include pain, pneumothorax and
infection due to tunnelling, with many centres advising prophylactic antimicrobials
immediately following insertion. Smaller-scale studies suggest that tunnelled cath-
eters are safe in chemotherapy [2]. Patients or family members can be trained using
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s

Fig. 15.5 (a) Patient in position whose skin has been marked for ultrasound-guided insertion of
indwelling pleural catheter. (b) Indwelling pleural catheter in situ

drainage bottles that are attached to the one-way valve, and community nurses and
palliative care teams are in a valuable position to offer ongoing support.

The most commonly reported symptom when established tunnelled catheters
is pain during drainage. However, this can be easily managed by administrating
pre drainange opiate analgesia and ensuring controlled pleural drainage.
Spontaneous pleurodesis will occur in between 50% and 70% of cases, and this
can be measured by radiological confirmation and the absence of pleural fluid
following which the catheter may be removed (Mishra et al. [16]). Indwelling
pleural catheters are highly suitable for use in patients with symptomatic malig-
nant pleural disease, lung entrapment, poorer performance statuses and higher
LENT prognostic scores.

Conclusion

In summary, classifying the underlying aetiology of pleural burden is vital to
inform tumour staging, prognostication and therapeutic intervention strategies.
Despite novel advances within histopathologic subtyping and therapeutics, many
patients develop with advanced and incurable lung cancer requiring a palliative
approach. Patients are more commonly presenting with stage IIT and IV disease at
an older age and with multiple pre-existing comorbidities [13]. The majority of
patients with malignant pleural disease will be symptomatic, and modern guidance
advocates timely and definitive pleural strategies. Patients with disseminated pleu-
ral disease in suspected or confirmed thoracic malignancies will often have dis-
abling symptoms requiring early specialist therapeutic intervention. Despite
whichever pleural management approach is chosen, a supportive holistic assess-
ment is always recommended to explore the patient’s wishes, and support them
with their ability to cope both physically and psychologically with intervention and
the timing of recovery [3, 15, 19].
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