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Pleural procedures in the management
of malignant effusions

Lucia Ferreiro'?, Juan Suarez-Antelo', Luis Valdés'?

Abstract:

Malignant pleural effusion (MPE) is common in clinical practice, and despite the existence of studies to guide
clinical decisions, it often poses diagnostic and therapeutic dilemmas. Once it is diagnosed, median survival
does not usually exceed 6 months. The management of these patients focuses on symptom relief since no
treatments have been shown to increase survival to date. Conversely, poor management can shorten survival.
The approach must be multidisciplinary and allow for individualized care. Initial diagnostic procedures should be
minimally invasive and, according to the results and other factors, procedures of increasing complexity will be
selecting. Likewise, the treatment of MPEs should be individualized according to factors such as type of tumor,
patient functional status, means available, benefits of each procedure, or life expectancy. Currently, treatment
seems to tend toward less interventional approaches, in which patients can be managed on an outpatient basis,
thus minimizing both the discomfort that more aggressive approaches involve and the costs of care associated
with this disease. This article reviews the pleural procedures employed in the management of MPEs with special

emphasis on the indication for each one, its usefulness, benefits, and complications.

Key words:

Closed pleural biopsy, image-guided pleural biopsy, indwelling pleural catheter, intrapleural talc, malignant pleural
effusion, medical pleuroscopy, pleural manometry, pleurodesis, thoracentesis, thoracic ultrasound, video-assisted

thoracoscopic surgery

Malignant pleural effusion (MPE) is a
common clinical problem. In Europe, only
due to lung cancer, 125,000 people develop it each
year, and in the United States, about 150,000.
MPE accounts for 15%-35% of all pleural effusions
(PEs) of each series.’* Its appearance is key for
the prognosis of a cancer patient because median
survival from diagnosis does not usually exceed
6 months.>® This means a management shift
from a curative approach to palliative care,
directed more specifically toward the MPE,
trying to control the symptoms associated with it.
Although no specific strategy for the management
of MPE has been shown to improve survival time,
erroneous treatment can aggravate the symptoms
and shorten life expectancy.

A significant proportion of patients with
neoplasia may present PE at some point that
does not meet the conditions for malignancy
(pleural infiltration). These so-called
paraneoplastic effusions are usually caused
by diseases that coexist with neoplasia,
such as pulmonary embolism, thoracic duct
obstruction, compression of the superior vena
cava, pericardial infiltration, hypoalbuminemia,
obstructive pneumonia, or atelectasis.”! In these
cases, the prognosis is more favorable, so it is
very important to determine the etiology of the
PE before considering it an MPE.

Once MPE is diagnosed, one has to
consider factors such as type of primary

© 2017 Annals of Thoracic Medicine | Published by Wolters Kluwer - Medknow

tumor, estimated survival, functional status,
associated symptoms, pulmonary elastance,
and even patient preferences between different
management options (observation, periodic
PE drainage, pleurodesis, or indwelling
pleural catheter [IPC] placement), which will
determine the decisions to be taken in the
management of MPE, so the care provided must
be individualized.®

The aim of this review is to provide an update
on the advances of pleural procedures used in
clinical practice for the management of MPE.
Throughout, we have followed the management
algorithm recommended by the Spanish
Society of Pneumology and Thoracic Surgery!
[Figure 1].
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Observation Emergency
and/or evacuation if
chemotherapy in massive
chemosensitive

Proved
malignant
pleural effusion

tumours Pleurodesis

(if Karnofsky >40 and
not trapped lung)

A

pleurodesis if positive

Thoracoscopy and
findings

if Karnofsky <40 or failed

Indwelling pleural catheter
pleurodesis

Pathogeny

Knowing the mechanism by which MPE occurs informs us
about what diagnostic tests are indicated and what benefit
we can expect from each of them. The lymphatic system of the
parietal pleura plays a key role in the reabsorption of pleural
fluid (PF) so that any alteration in its entirety (between the
parietal pleura and mediastinal lymph node) can give rise to PE.
Several studies have shown that this is the main mechanism of
PE production, and a strong relationship between the presence
of PE and neoplastic infiltration of the mediastinal lymph nodes
has been shown.”!” On the contrary, this relationship has not
been found between metastatic infiltration of the pleura and
the existence of PE.[!

The tumors that most frequently metastasize to the pleura
are cancers of the lung, breast, and lymphomas.® At first, the
parietal pleura may be affected by neoplastic extension from
the visceral pleura along pleural adhesions that may form
and by neoplastic cells which are exfoliated from the visceral
pleura. Metastases in the visceral pleura are caused by the
invasion of the pulmonary artery and embolization.”! If pleural
metastases are bilateral, there is generally liver involvement
with hematogenous spread to the contralateral lung.'”! In
breast cancer, PE may be produced by lymphatic invasion
of the chest wall, and if there is liver involvement, PE may
be bilateral or contralateral." In Hodgkin’s disease, MPE is
rare and lymphomatous invasion of the pleura is not usually
seen until the final stages, occurring in 30% of cases. In these
lymphomas, the primary mechanism appears to be associated
with chest drainage. In previously untreated non-Hodgkin’s
lymphoma, MPE is common even in the absence of detectable
intrathoracic lymphadenopathies and may be the only
radiologic manifestation of the disease.l'” In these lymphomas,
lymphomatous invasion of the pleura is the predominant
mechanism. 314

Trapped lung

Indwelling
pleural catheter

Figure 1: Algorithm for the management of malignant pleural effusion.MPE=malignant pleural effusion

Imaging Techniques

Thoracic ultrasound

Thoracic ultrasound (US) serves as a guide for locating and
puncturing a PE and allows visualizing pleural thickening
or masses that suggest the existence of MPE. Thoracic US
locates a PE from 5 mL and is more sensitive and specific than
chest radiography (94% and 98%, respectively, vs. 51% and
91%, respectively).'™! Furthermore, it allows more accurate
calculation of PE volume than radiography!* as well as
differentiation from solid pleural lesions and thickening.]
The current recommendation is that all pleural procedures
should be US guided"® since they better identify the puncture
site of thoracentesis!"” with less risk of pneumothorax™?!l than
physical examination and chest radiography.

The only US sign indicating malignancy, without being
pathognomonic, is the presence of pleural nodules >1 cm
(in the parietal, visceral, or diaphragmatic pleura) (sensitivity
73%, specificity 100%).?* These malignant nodules are usually
accompanied by PE which allows better US evaluation of the
solid component.'”! In massive PE, often very malignant, a
flattening and even inversion of the diaphragm can also be
seen. Finally, a recent study has shown that chest US can
identify an unexpandable lung®! which has implications as
discussed below.

Thoracic computed tomography

In the study of MPE, computed tomography (CT) of the chest
has the same indications as US. Small studies have suggested
that certain findings on chest CT are characteristic of malignant
disease (thickening of the parietal pleura >1 cm and nodular
or mediastinal pleural thickening) with good specificity
(88%—-100%) and poor sensitivity (36%-51%). Hallifax et al.
retrospectively studied 370 patients with PE (202 with MPE
and 168 with benign PE) and compared the histological results
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of thoracoscopy, with a presumptive diagnosis obtained with
the previously performed chest CT. The sensitivity of CT was
68% and specificity 78%. However, perhaps, the most important
aspect is that one out of three patients with PE and CT without
evidence of malignancy had MPE.*! The current guidelines
recommend that if PF analysis does not reveal the etiology of
a pleural exudate, chest CT should be performed.® However,
these results suggest that if MPE is suspected and PF analysis
does not reveal its etiology, chest CT should be combined with
invasive pleural procedures.

Thoracentesis

Diagnostic thoracentesis is a simple, inexpensive technique,
in which a small amount of PF is extracted.* A 60 mL
sample of PF provides greater diagnostic yield for MPE
than 10 mL, but more than 50 mL does not seem to improve
diagnostic sensitivity.””! Diagnostic yield depends on the
type of tumor (higher for adenocarcinomas) and is about 60%
(range, 40%—-87%).® However, a second cytology may increase
diagnostic sensitivity by 27%,* if several 100 mL is drained in
the initial thoracentesis, since the number of fresh malignant
cells exfoliated increases in the second.”! The yield may also
increase if both smears and cell blocks are prepared.® The
sample of PF obtained by thoracentesis may also be used for
immunohistochemistry (to differentiate between different
types of tumors) or flow cytometry (if lymphoma is suspected).

Pneumothorax is the most common complication of
thoracentesis, with an incidence of 4%-30% if performed
without US guidance and 1.3%-6.7% if performed with
it. Two large studies have directly compared the rates of
pneumothorax in patients undergoing thoracentesis with or
without guided US. In the first study, involving 342 patients,
the rate of pneumothorax without US-guided thoracentesis
was 13% versus 3% in those where the procedure was
performed with US guidance.®" In the second study, which
included 450 patients, the percentages were 10.3% and 4.9%,
respectively.’?l Because of these results, all thoracentesis
should be guided by US. The use of mechanical ventilation
does not increase the risk.”! Less common complications
include chest pain, hemothorax, pneumohemothorax,

laceration of the spleen, abdominal or intrathoracic bleeding,
catheter detachment, and anxiety.

Repeat therapeutic thoracentesis should be reserved for
patients with a short life expectancy (approximately 1 month)
and poor functional status to provide temporary relief of
symptoms. Itis performed with US guidance and the amount of
liquid extracted will depend on the referring clinic but limited
to no more than 1.5 L each time.™!

Closed Pleural Biopsy

The use of closed pleural biopsy (CPB) has generated much
controversy.®tis a simple, low-cost technique, well tolerated
by patients, and its performance does not generally require
hospital admission. Although diagnostic yield approaches
60%,>! its main drawback is that it does not significantly
increase the sensitivity of cytology when performed together,”!
probably because of the patchy and uneven distribution of
tumor invasion of the pleura. Several studies have shown that
the performance of percutaneous pleural biopsy increases
significantly when guided by US or chest CT, possibly because it
allows biopsy of abnormal focal areas and access to anatomical
areas that are often avoided with CPBI**#! [Table 1]. In all these
studies, the reported rate of complications was low.

Medical Pleuroscopy

A second sample of PF can increase the diagnostic yield of
cytology, but a third does nothing to improve sensitivity." If
mesothelioma is suspected, the diagnostic yield of cytology
is low (about 30%).%! If cytology is negative, CPB improves
performance very little and it should preferably be image-guided,
especially if signs of malignancy are observed in the pleura. If
imaging techniques do not show these signs, an alternative
is to perform medical thoracoscopy under local anesthesia.
Pleuroscopy allows draining large amounts of PF, direct
visualization of the pleural cavity, performing multiple biopsies
and if necessary, talc application to prevent recurrence of PE.[*!

In a review of 22 series evaluating the diagnostic yield of
medical thoracoscopy in the diagnosis of MPE, sensitivity was

Table 1: Diagnostic sensitivity and complications of nonpleuroscopic pleural biopsy techniques in malignant

pleural effusions (since 2001)

Authors Number of patients Type of biopsy Diagnostic sensitivity (%) Rate of complications (%)
Pereyra et al.*®! 201 CPB 59.2 14.4 (95 patients in 658 CPB)
Prakash and Reimant®’] 281 CPB 43.8 10.6 (47 patients in 444 CPB)
Adams and Gleeson'®® 33 24 CT-guided 88 3
9 US-guided
Maskell et al.l®% 33 17 BPC 47 0
16 CT-guided 87
Benamore et al.l*? 82 80 CT-guided 76 47
5 US-guided
Stigt et al*"! 14 US-guided (without PE) 80 5
Hallifax et al.l*?! 14 US-guided 93 0
Koegelenberg et al.*®! 58 US-guided thoracocentesis 31 5.2
Biopsy pleural US-guided 89.7
Metintas et al.*! 55 (MPE or tuberculosis) US-guided pleural biopsy 61.8 12.8 (in 78 cases)
CT-guided pleural biopsy 78.6 8 (in 75 cases)

CPB=Closed pleural biopsy, MPE=Malignant pleural effusion, PE=Pleural effusion, CT=Computed tomography, US=Ultrasound, CPB=Closed pleural biopsy
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92.6%. On excluding patients undergoing CPB and pleuroscopy
and the CPB was positive, the diagnostic yield of medical
thoracoscopy remained high (90.1%).*1 Mortality in a series
of 47 studies was 0.34%.”! The deaths did not occur if only
diagnostic pleuroscopy (0/2421 patients) was performed but
occurred when powdered talc was used (16/2315). Nine of the
16 deaths occurred in a single trial where talc particle size was
not taken into account.*s!

Pleuroscopy has several disadvantages. Obesity, lateral
decubitus intolerance, and presence of cough due to uncontrolled
pleural irritation are associated with complications; it is
advisable to optimize the treatment of reversible diseases,
and pleuroscopy may be contraindicated in situations such as
highly loculated PF, inability of a lung to collapse due to an
underlying disease, and existence of cardiovascular instability,
pulmonary hypertension, or untreated hypoxemia. In addition,
if the PE is small, it can be difficult to identify a safe place
for pleuroscope insertion and a small pneumothorax may
be necessary.*! Finally, unlike CPB or image-guided pleural
biopsy, patient hospitalization is needed.

An aspect that remains unresolved is the risk of tumor invasion
through the tract created by the pleuroscope (9%-16% for
unguided pleuroscopy and 0%—22% for image-guided pleural
biopsy).™ Three studies suggest that prophylactic radiotherapy

provides no benefit."**! However, until the results of new
ongoing studies are known, the British Thoracic Society
suggests that prophylactic radiation therapy may have a role
in patients with good general condition.®

Video-assisted Thoracoscopic Surgery

Video-assisted thoracic surgery requires general anesthesia
and is the “gold standard” for the diagnosis of MPE. Its
diagnostic yield is 95%, but it is a relatively invasive technique
often resorted to when cytology and CPB are negative, and
generally, when something more than a purely diagnostic
procedure is needed (pleurectomy, decortication, etc.), it cannot
be done using medical pleuroscopy. The procedure is relatively
safe with a low rate of complications (<1%).!

Pleural Manometry

The measurement of pleural pressure helps to establish the
diagnosis of unexpandable lung and predict the success of
pleurodesis in the management of MPE. Unexpandable lung
is a mechanical complication, in which the lung is unable to
expand to the chest wall, thus impeding normal apposition
between the visceral and parietal layers. The main mechanism
involved is usually restriction of the visceral pleura. In the
first phase, there is an active process of lung entrapment

400 800 1200 1600 2000 2400
Pleural flid drained (mi)

400 800 1200 1600 2000 2400

Ploural flid drained (mi)

Pleural pressure (em H:0)

400 800 1200 1600 2000 2400
Pleural uid drsined (mi)

Figure 2: Curves obtained by manometry, with elastance value, in a normal lung (a), in a lung entrapment process (b), and in a trapped lung (c). When pleural effusion occurs
in a normal lung (a), initial pleural pressure will be slightly positive. As fluid is withdrawn, pleural pressure will drop slowly and the lung will expand gradually. Once the entire
effusion has been removed, the lung will make contact with the chest wall and the elastance obtained will be normal. In the lung entrapment process (b), the visceral pleura
is slightly thickened and pleural pressure will be slightly positive, as in the normal lung. On fluid removal, initially, the lung will gradually expand and pleural pressure will drop
slowly. At some point, the lung becomes trapped, unable to expand any further and the pressure will drop rapidly leading to high elastance with a bimodal pressure/volume

curve. In the case of a trapped lung, the visceral pleura has a thicker layer of fibrin which prevents the lung from expanding, so the initial pressure is negative (c). The removal

of liquid, on the one hand, and the rigidity of the lung, on the other hand, causes a rapid decrease in pleural pressure resulting in high elastance
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involving the visceral pleura which can be progressive or
resolved with medical treatment. If it progresses, it will lead
to a trapped lung that is the sequel to an old inflammatory
process, in which a fibrous membrane in the visceral pleura
prevents lung expansion during extraction of PF.! The
measurement of pleural pressure and elastance (change in
PF pressure measured in cm H,0O/L of fluid removed) allows
us to distinguish a normal lung from one in the process of
entrapment and a trapped lung [Figure 2].

The success of pleurodesis is determined by how good the
apposition of the two pleural layers is.””l Therefore, pleural
pressure in an MPE should be determined before deciding on
pleurodesis. This procedure is indicated if manometry shows
that the lung expands normally. If, on the contrary, manometry
suggests a trapped lung, an IPC should be inserted.®

Pleurodesis

Pleurodesis is iatrogenic-induced pleural fibrosis by a
sclerosing agent to obliterate the pleural space and prevent the
accumulation of PF. Talc is the most frequently used sclerosing
agent since it is widely available, cheap, and effective.™ It
can be administered in two ways: Using a thoracoscope tube
atomizer (talc poudrage) or an intercostal tube as a suspension
(talc slurry). Other agents such as tetracycline derivatives,
silver nitrate, povidone-iodine, and bleomycin have also been
used. A recent meta-analysis of 62 randomized trials involving
3428 patients suggests that talc insufflation is the most effective
method of pleurodesis in preventing re-accumulation of fluid
but states that more data are needed to definitively confirm that
itis more effective than talc slurry and doxycycline, due to the
high clinical and statistical heterogeneity, and high risk of bias,
of most of the studies included in the analysis."

Regardless of whether the sclerosing agent is introduced
through a chest tube or thoracoscopy, hospitalization is
required. However, while the former can be done in the
patient’s room with analgesia, the second requires general
anesthesia or conscious sedation. Randomized clinical trials
have not demonstrated superiority of one technique over
another,[*# and the British Thoracic Society indicates that
the two approaches have similar efficacy.® The success of
pleurodesis is usually determined by the nonre-accumulation
of fluid within 30 days. However, this is not always easy to
determine. Although one study showed a success rate of 91%),!1
no later studies have achieved these results. In a randomized
trial that compared talc slurry versus powdered talc, success
rates of pleurodesis were 71% and 78%, respectively. However,
on including patients who had died before 30 days or had
not achieved lung re-expansion, these rates fell to 53% and
60%, respectively.[*! There is controversy about the length
of time the chest drain must be maintained after introducing
the sclerosing agent. One trial suggests that once the lung has
expanded, it is not necessary to wait for reduced fluid drain,
while another concludes that the withdrawal of the tube 24 h
after introducing talc (instead of 72 h) does not compromise
the results.[®® We recommend large particle talc (>15 microns)
to avoid the possibility of acute respiratory distress syndrome
and increased alveolar-arterial oxygen gradient.®*® Other
complications associated with intrapleural talc are fever and
chest pain.

Annals of Thoracic Medicine - Vol 12, Issue 1, January-March 2017

Two aspects of pleurodesis are debatable: Drain tube gauge and
rotation of patients once the sclerosing agent is administered.
Several studies have shown a similar success rate with small-
bore tubes (10°F-14°F) as with large caliber tubes®*%! when a
sclerosing agent is used. Further, no difference in the success
rate of pleurodesis has been observed between rotated or
nonrotated patients.[’]

Indwelling Pleural Catheter

IPCs are subcutaneously secured indwelling silicone tubes
ending in a one-way valve. They are inserted to maintain lung
expansion through continuous drainage of fluid rather than
obliteration of the pleural space as occurs with pleurodesis.
The goal is to control symptoms, and these usually improve
rapidly after insertion, allowing patient management on
an outpatient basis. IPCs have proven to be as effective as
pleurodesis in the first-line treatment of MPE”! and can
also be used when pleurodesis fails or is contraindicated
because of a trapped lung. As from the publication of the
TIME-2 study,” IPC began to be considered a clear alternative
to conventional sclerotherapy.”>”®! In a systematic review
of 19 studies with 1370 patients which evaluated the safety
and efficacy of IPCs in MPE, symptom improvement was
achieved in 95% of cases. The use of IPC can also lead to
spontaneous pleurodesis in 46%-70% of patients presenting
complete lung expansion through local inflammatory changes,
induced either by the tumor itself or by the IPC.”374 Currently,
IPCs also begin to be used to administer the sclerosing agent,
with a high rate of success (92%; 22/24 patients).”” To date,
no technique has demonstrated superiority over the other
(IPC vs. talc pleurodesis). IPC insertion requires shorter
hospital stay and appears to offer advantages in patients with
poor performance status who cannot tolerate pleurodesis or in
those with trapped lung. Pleurodesis offers a greater chance of
rapid resolution of PE with a shorter intervention time, but it is
amore invasive procedure which may need to be repeated.*7!1
IPCs represent a solution for outpatients, but they do involve
prolonged drainage and greater attention for those in whom
pleurodesis is not indicated. Symptom relief and improved
quality of life can be achieved with either approach, without
significant differences between them. IPCs are associated with
a greater number of complications (blocking or detachment
of the catheter [<5%],7 catheter rupture on removal,””! and
subcutaneous and pleural infection [0%—12%]);"7! however,
generally, they are well tolerated and do not cause significant
morbidity.”" The cost of managing patients with an IPC versus
talc pleurodesis has not been sufficiently studied since most
studies are retrospective and use indirect comparisons with
conventional treatments. Data from the TIME-2 study showed
no difference in the total cost between the two techniques.® It
has been suggested that IPCs are more cost-effective in patients
with limited survival (<3 months), while talc pleurodesis is
more cost-effective in those with longer survival.® However, to
date, these data are not necessarily valid for all types of health
care and have not been validated in clinical trials.

In summary, many questions remain unanswered in the current
management of patients with MPE and often cause significant
diagnostic and therapeutic dilemmas. All thoracentesis and
CPBs should be performed under US guidance to improve
diagnostic yield and decrease the rate of complications. After
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two negative cytologies and no signs of pleural malignancy on
imaging tests, medical pleuroscopy provides clear advantages
over CPB. However, if more than a purely diagnostic procedure
is needed, video-assisted thoracic surgery may be considered.
If pleural manometry rules out the existence of a trapped lung
and the patient has no significant deterioration in functional
status, it is advisable to perform pleurodesis (using either a
chest tube or thoracoscopy). If, however, a trapped lung is
confirmed, the treatment of choice is placement of an IPC.
The approach must be multidisciplinary and begin with less
invasive diagnostic procedures; if the results are negative, the
complexity of such procedures should be gradually increased
depending on factors such as patient’s functional status,
means available at each center, experience of the medical
team, and even patient’s own opinion. MPE treatment must
be individualized, taking into account factors such as the type
of tumor, symptoms, functional status, presence of a trapped
lung, and life expectancy. The current treatment tends toward
less interventional approaches, trying to manage patients as
outpatients and thus minimizing both the discomfort caused
by more aggressive actions and the cost associated with this
disease.
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