


www.chestmed.theclinics.com

December 2021 • Volume 42 • Number 4

CLINICS IN  
CHEST MEDICINE

Pleural Disease
Editors

DAVID  FELLER-KOPMAN
FABIEN MALDONADO

http://www.chestmed.theclinics.com


ELSEVIER

1600 John F. Kennedy Boulevard � Suite 1800 � Philadelphia, Pennsylvania, 19103-2899

http://www.theclinics.com

CLINICS IN CHEST MEDICINE Volume 42, Number 4

December 2021 ISSN 0272-5231, ISBN-13: 978-0-323-81313-6

Editor: Joanna Collett

Developmental Editor: Karen Justine Solomon

� 2021 Elsevier Inc. All rights reserved.

This periodical and the individual contributions contained in it are protected under copyright by Elsevier, and the following terms

and conditions apply to their use:

Photocopying

Single photocopies of single articles may be made for personal use as allowed by national copyright laws. Permission of the

Publisher and payment of a fee is required for all other photocopying, including multiple or systematic copying, copying for

advertising or promotional purposes, resale, and all forms of document delivery. Special rates are available for educational in-

stitutions that wish to make photocopies for non-profit educational classroom use. For information on how to seek permission

visit www.elsevier.com/permissions or call: (+44) 1865 843830 (UK)/(+1) 215 239 3804 (USA).

Derivative Works

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation within their

institutions. Permission of the Publisher is required for resale or distribution outside the institution. Permission of the Publisher is

required for all other derivative works, including compilations and translations (please consult www.elsevier.com/permissions).

Electronic Storage or Usage

Permission of the Publisher is required to store or use electronically anymaterial contained in this periodical, including any article or

part of an article (please consult www.elsevier.com/permissions). Except as outlined above, no part of this publication may be re-

produced, stored in a retrieval systemor transmitted in any formor by anymeans, electronic, mechanical, photocopying, recording

or otherwise, without prior written permission of the Publisher.

Notice

No responsibility is assumed by the Publisher for any injury and/or damage to persons or property as a matter of products

liability, negligence or otherwise, or from any use or operation of any methods, products, instructions or ideas contained in

the material herein. Because of rapid advances in the medical sciences, in particular, independent verification of diagnoses

and drug dosages should be made.

Although all advertising material is expected to conform to ethical (medical) standards, inclusion in this publication does not

constitute a guarantee or endorsement of the quality or value of such product or of the claims made of it by its manufacturer.

Clinics in ChestMedicine (ISSN 0272-5231) is published quarterly by Elsevier Inc., 360 Park AvenueSouth, NewYork, NY 10010-

1710. Months of issue are March, June, September, and December. Periodicals postage paid at New York, NY and additional

mailing offices. Subscription prices are $396.00 per year (domestic individuals), $1009.00 per year (domestic institutions),

$100.00 per year (domestic students/residents), $423.00 per year (Canadian individuals), $1075.00 per year (Canadian institu-

tions), $484.00 per year (international individuals), $1075.00 per year (international institutions), $100.00 per year (Canadian Stu-

dents), and $230.00 per year (International Students). International air speed delivery is included in all Clinics subscription prices.

All prices are subject to change without notice. POSTMASTER: Send address changes to Clinics in Chest Medicine, Elsevier

Health Sciences Division, Subscription Customer Service, 3251 Riverport Lane, Maryland Heights, MO 63043. Customer Ser-

vice: Telephone: 1-800-654-2452 (U.S. and Canada); 1-314-447-8871 (outside U.S. and Canada). Fax: 1-314-447-8029. E-

mail: journalscustomerservice-usa@elsevier.com (for print support); journalsonlinesupport-usa@elsevier.com (for on-

line support).

Reprints. For copies of 100 or more of articles in this publication, please contact the Commercial Reprints Department, Elsevier

Inc., 360 Park Avenue South, New York, NY 10010-1710. Tel.: 212-633-3874; Fax: 212-633-3820; E-mail: reprints@elsevier.

com.

Clinics in Chest Medicine is covered in MEDLINE/PubMed (Index Medicus), Current Contents/Clinical Medicine, EMBASE/

Excerpta Medica, Science Citation Index, and ISI/BIOMED.

Printed in the United States of America.

http://www.theclinics.com
http://www.elsevier.com/permissions
http://www.elsevier.com/permissions
http://www.elsevier.com/permissions
mailto:journalscustomerservice-usa@elsevier.com
mailto:journalsonlinesupport-usa@elsevier.com
mailto:reprints@elsevier.com
mailto:reprints@elsevier.com


Pleural Disease
Contributors
EDITORS
DAVID FELLER-KOPMAN, MD

Chief, Section of Pulmonary and Critical Care

Medicine, Dartmouth-Hitchcock Medical

Center, Professor of Medicine, Dartmouth

Geisel School of Medicine, Lebanon, New

Hampshire, USA
FABIEN MALDONADO, MD, FCCP

Professor of Medicine and Thoracic Surgery,

Vanderbilt University Medical Center,

Nashville, Tennessee, USA
AUTHORS
DINESH N. ADDALA, BA, BMBCH, MRCP

Oxford University Hospitals NHS Foundation

Trust, Department of Respiratory Medicine,

Churchill Hospital, Headington, Oxford, United

Kingdom

SAMEER K. AVASARALA, MD

Division of Pulmonary, Critical Care, and Sleep

Medicine, University Hospitals, Assistant

Professor of Medicine, Case Western Reserve

University School of Medicine, Cleveland,

Ohio, USA

EIHAB O. BEDAWI, MBBS, MRCP

Oxford University Hospitals NHS Foundation

Trust, Department of Respiratory Medicine,

Churchill Hospital, Headington, Oxford, United

Kingdom

KYLE T. BRAMLEY, MD

Assistant Professor of Medicine, Pulmonary,

Critical Care and Sleep Medicine, Yale

University, New Haven, Connecticut, USA

CASSANDRA M. BRAUN, MD

Division of Pulmonary and Critical Care

Medicine, Mayo Clinic College of Medicine,

Rochester, Minnesota, USA

ERIN M. DEBIASI, MD

Assistant Professor of Medicine, Division of

Pulmonary, Critical Care and Sleep Medicine,

Yale School of Medicine, New Haven,

Connecticut, USA
ANDREW DEMAIO, MD

Fellow, Interventional Pulmonology, Johns

Hopkins Hospital, Sheikh Zayed

Cardiovascular Critical Care Tower, Baltimore,

Maryland, USA

DAVID FELLER-KOPMAN, MD

Chief, Section of Pulmonary and Critical Care

Medicine, Dartmouth-Hitchcock Medical

Center, Professor of Medicine, Dartmouth

Geisel School of Medicine, Lebanon, New

Hampshire, USA

Y.C. GARY LEE, MBChB, PhD, FRACP,

FCCP, FRCP

Respiratory Medicine, Sir Charles Gairdner

Hospital, Pleural Medicine Unit, Institute for

Respiratory Health, School of Medical and

Health Sciences, Edith Cowan University,

School of Medicine, The University of Western

Australia, Perth, Western Australia

MARK GODFREY, MD

Clinical Fellow, Division of Pulmonary, Critical

Care and Sleep Medicine, Yale School of

Medicine, New Haven, Connecticut, USA

ROB HALLIFAX, PhD, MRCP

Department of Respiratory Medicine,

University of Oxford, Churchill Hospital,

Oxford, United Kingdom



Contributorsiv
NAI-CHIEN HUAN, MBBS, MRCP

Department of Pulmonology, Serdang

Hospital, Kajang, Malaysia

CHRISTOPHER M. KAPP, MD

Department of Medicine, Division of

Pulmonary, Critical Care, Sleep and Allergy

Medicine, University of Illinois at Chicago,

Chicago, Illinois, USA

COENRAAD F.N. KOEGELENBERG,

MBChB, MMed (Int), FCP (SA), FRCP (UK),

Cert Pulm (SA), PhD

Professor, Division of Pulmonology,

Department of Medicine, Faculty of Medicine

and Health Sciences, Stellenbosch University

and Tygerberg Academic Hospital, Cape

Town, South Africa

HANS J. LEE, MD

Section of Interventional Pulmonology, Division

of Pulmonary and Critical Care Medicine,

Johns Hopkins University, Baltimore,

Maryland, USA

ROBERT J. LENTZ, MD

Assistant Professor, Division of Allergy,

Pulmonary and Critical Care Medicine,

Departments of Internal Medicine, and

Thoracic Surgery, Vanderbilt University

Medical Center, Assistant Professor,

Vanderbilt University School of Medicine,

Nashville, Tennessee, USA

yRICHARD W. LIGHT, MD, FCCP

Division of Allergy, Pulmonary and Critical

Care, Vanderbilt University, Nashville,

Tennessee, USA

AMBER LOUW, MBBS

Pleural Medicine Unit, Institute for Respiratory

Health, School of Medical and Health

Sciences, Edith Cowan University, National

Centre for Asbestos Related Diseases, The

University of Western Australia, Perth, Western

Australia

FABIEN MALDONADO, MD, FCCP

Professor of Medicine and Thoracic Surgery,

Vanderbilt University Medical Center,

Nashville, Tennessee, USA

NICK MASKELL, MD

Professor of Respiratory Medicine, Bristol

Academic Respiratory Unit, North Bristol NHS
Trust, England; University of Bristol, Bristol,

England

HELEN MCDILL, MBBS, BSc

Respiratory SpR, Bristol Academic Respiratory

Unit, North Bristol NHS Trust, England

SHAIKH M. NOOR HUSNAIN, MD

Division of Pulmonary and Critical Care

Medicine, Henry Ford Hospital, Detroit,

Michigan, USA

DAVID E. OST, MD, MPH

Professor, Department of Pulmonary Medicine,

The University of Texas MD Anderson Cancer

Center, Houston, Texas, USA
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Preface
State-of-the-Art in Pleural
Disease: A Tribute to Dr
Richard Light
David Feller-Kopman, MD
Clin Chest Med 42 (2021) xiii–
https://doi.org/10.1016/j.ccm.
0272-5231/21/� 2021 Publish
Fabien Maldonado, MD, FCCP
Editors
Diseases of the pleura affect almost two million
patients each year in the United States alone, often
with debilitating symptoms. Over the last several
years, there has been a renewed interest in pleural
disease, with multiple large multicenter random-
ized trials having been published in our top jour-
nals. We have achieved a better understanding
of pleural pathophysiology, the importance of
dedicated pleural imaging, and the advantages
of ultrasound-guided pleural interventions, among
many others. Through collaborations between pul-
monologists, radiologists, and thoracic surgeons,
multidisciplinary pleural disease services have
become indispensable and continue to improve
the care of patients around the world. We have
learned that patients with nonmalignant pleural ef-
fusions can have worse outcomes than those with
malignant pleural effusions, primarily due to the
severity of their underlying disease process, and
xiv
2021.08.013
ed by Elsevier Inc.
that palliative interventions in both of these popu-
lations should focus on patient-centered out-
comes. Key principles of this approach consist of
selecting minimally invasive interventions that will
improve symptoms and minimize interactions
with the health care system while simultaneously
maximizing the quality of life of our patients and
those who help provide their care.

Somuch of our understanding of pleural disease
is a direct result of Dr Richard Light’s legacy. Since
his seminal paper defining transudative and
exudative effusions in 1972,1 Dr Light has pub-
lished more than 380 articles and has edited the
definitive texts on pleural disease. He has lectured
in almost 80 countries and throughout his travels
has always been generous with his time, insights,
and humor. Perhaps even more importantly, he
has personally impacted the lives of patients and
medical professionals around the world. This is
ch
es
tm

ed
.th

ec
li
ni
cs
.c
om

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ccm.2021.08.013&domain=pdf
https://doi.org/10.1016/j.ccm.2021.08.013
http://chestmed.theclinics.com


Prefacexiv
specifically true for all of the authors in this issue of
Clinics in Chest Medicine whose careers and aca-
demic interests have been profoundly influenced
by Dr Light’s research, mentorship, and friendship.
It is with a mixture of sadness over Dr Light’s

recent death as well as joy in our memories of
the times we have shared that we dedicate this
issue to Dr Light. He was, and will always be, an
inspiration to those interested in pleural disease,
and we are forever grateful.
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Anatomy and Applied
Physiology of the Pleural

Space

Erin M. DeBiasi, MDa,*, David Feller-Kopman, MDb
KEYWORDS

� Pleural anatomy � Pleural effusion � Thoracentesis � Pleural manometry

KEY POINTS

� Accumulation of liquid in the pleural space depends on the the balance of forces determining pro-
duction and resorption.

� Lymphatics on the parietal pleura play a crucial role in the resorption of pleural liquid.

� Pleural effusions cause dyspnea primarily by affecting the length-tension relationship of the
diaphragm.

� Measurement of pleural pressure can be used to predict lung expansion with drainage of pleural
fluid.
INTRODUCTION and the parietal layer overlies the chest wall, medi-
m

The human pleural space is a fluid-filled cavity
located between the mediastinum, diaphragmatic
dome, chest wall, and lung surface. The thin layer
of liquid within this space is of vital importance to
the respiratory system. It provides mechanical
coupling of the chest wall and lung during the respi-
ratory cycle, as well as lubrication between the 2
structures during respiration. Additionally, the nega-
tive intrapleural pressure relative to atmospheric
pressure results in a positive transpulmonary pres-
sure preventing atelectasis at end-exhalation and
allowing the lung to inflate during inspiration. The
amount of liquid present in the pleural space under
normal circumstances is highly regulated owing to
unique features of the pleural surfaces. Disruption
of the pleural membranes, or within the pleural
space, either by excess fluid or by air can result in
significant physiologic consequences.

PLEURAL ANATOMY

There are 2 layers of the pleura. The visceral layer
overlies the lung surface (including the fissures)
a Division of Pulmonary, Critical Care and Sleep Medicine
06510, USA; b Division of Pulmonary and Critical Car
Lebanon, NH, USA
* Corresponding author.
E-mail address: Erin.debiasi@yale.edu

Clin Chest Med 42 (2021) 567–576
https://doi.org/10.1016/j.ccm.2021.08.005
0272-5231/21/� 2021 Elsevier Inc. All rights reserved.
astinal structures, and diaphragmatic dome. The
surface area in humans is about 4000 cm2 in a
70 kg man. The pleura is composed of mesothelial
cells and underlying connective tissue containing
blood vessels and lymphatics. Mesothelial cells
of the pleura are flat, squamous-like cells that are
1 to 4 mm thick.1 They contain microtubules, mi-
crofilaments, vesicles, vacuoles, a few Golgi appa-
ratus, and rough endoplasmic reticulum. The
luminal surface has a well-developed microvillus
border.

Pleural mesothelial cells have several active
metabolic and structural functions. Phospholipids,
both saturated and unsaturated, as well as hyalur-
onan, a large molecular weight glycosamino-
glycan, are synthesized by pleural mesothelial
cells and secreted into the pleural space. These
substances act to decrease friction and provide
lubrication of the pleural surfaces.2,3 Additionally,
mesothelial cells can secrete a variety of chemo-
kines, cytokines, prostaglandins, prostacyclins,
and growth factors that can play a role in postin-
flammatory tissue remodeling.4 Mesothelial cells
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are active sources of components of the extracel-
lular matrix of the interstitial space.5 The parietal
pleura is supplied by the systemic blood capil-
laries, whereas the visceral pleura is supplied by
the bronchial circulation.
The lymphatic system of the pleura, in particular

the parietal pleura, is quite unique. Stomata,
cylindrical-like openings with a diameter of 0.5 to
20.0 mm, are formed by discontinuities of the pari-
etal mesothelium and submesothelial interstitial
space and are the origins of the parietal pleural
lymphatic system.6,7 They are most prevalent on
the diaphragm, although they are found
throughout the parietal pleura.6 Peripheral
branches of the pulmonary lymphatic system
extend to the in the submesothelial layer of the
visceral pleura (Fig. 1). There are not stomata in
the visceral mesothelium.8
PLEURAL PHYSIOLOGY

At functional residual capacity (FRC) the pleural
pressure is approximately –6 cm H2O. The nega-
tive intrapleural pressure is created by the elastic
recoil force of the lung opposed to the tendency
of the chest wall to expand. There is a vertical
gradient related to gravity of about 0.2 cm H2O/
cm of lung height.9 During inspiration, a decrease
in pleural pressure is generated via contraction of
the diaphragm and external intercostal muscles,
with subsequent enlargement in the thoracic
cage volume. This process translates into a nega-
tive intrapulmonary pressure and inspiratory
Fig. 1. (A) Scanning electron microscopy image of the dia
mesothelial cells which are covered in microvilli. (B) Cross-s
sothelial lymphatic (SmL) that collects pleural fluid from st
through transverse lymphatics (TrL) of skeletal muscle cell
rows. (From Negrini D and Moriondo A. Pleural functio
permission.)
airflow. Conversely, during expiration, the elastic
recoil forces of the lung inward and chest wall out-
ward with relaxation of the diaphragm and inspira-
tory muscles result in a slightly higher pleural
(although still negative) pressure (�3 to
�5 cm H2O at FRC). This negative intrapleural
pressure maintains the lungs at their inflated state.
When this negative intrapleural pressure is elimi-
nated, for example, in the setting of pneumothorax
or a large pleural effusion, the lungs may collapse
owing to their own elastic recoil.
PLEURAL FLUID

The typical volume of pleural liquid in healthy
humans is 0.26 mL/kg�1.10 Fluid is constantly
filtered and then drained from the pleural space.
The egress of pleural fluid occurs through several
mechanisms.1,11,12 Passive fluid flow down a pres-
sure gradient through the visceral pleura occurs,
but is felt to account for only a small proportion
of fluid egress owing to the relatively tight adhe-
rens junctions between the visceral mesothelial
cells.1 Similarly, active solute coupled fluid ab-
sorption also likely accounts for a small proportion
of fluid egress.11 Transcytosis through small vesi-
cles called caveolae is a pressure-independent
process and also may occur. The primary mecha-
nism of pleural drainage is through the extensive
pleural lymphatic system. The flow of fluid from
the pleural space into the parietal pleural stomata
occurs when the pressure within the pleural lym-
phatics decreases to less than the pleural liquid
phragm with lymphatic stomata at junctions between
ection of the diaphragmatic pleura with large subme-
omata and submesothelial interstitium (SI) and drains
s (SkM). One way valves of lymphatics indicated by ar-
n and lymphatics. Acta Physiol 2013;207(2)247; with
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pressure. Subatmospheric pressure within the
pleural lymphatics occurs at times during the
cardiorespiratory cycle.12 Spontaneous breathing
produces pressure within the pleural lymphatics
of values between �0.5 cm H2O at end expiration
and �24 cm H2O at end inspiration.12 This cyclical
oscillation of pressure is responsible for propulsion
of fluid through the pleural lymphatic system.

Effusions develop when pleural fluid filtration oc-
curs in excess of absorption. Excess fluid filtration
through the parietal mesothelium can occur in the
setting of systemic hypertension or decreased
plasma protein concentration, although with
normal hydraulic conductivity of the parietal
pleura, this process is not common. Increased
fluid filtration from the pulmonary capillaries and
through the visceral mesothelium can occur in
the setting of pulmonary edema.13,14 Initially, in
the setting of mild edema, pulmonary interstitial
fluid is removed via the pulmonary lymphatics.
However, with increasing edema, this drainage
can become saturated and fluid accumulates in
the interstitial space, resulting in increasing pres-
sure driving fluid into the pleural space. Primary
lymphatic disorders, thoracic duct injury, and
other etiologies leading leakage of leak lymph fluid
can result in chylothorax.
PHYSIOLOGIC IMPACT OF PLEURAL EFFUSION
Effect on Gas Exchange

Hypoxemia can be observed in patients with
pleural effusions. Low arterial oxygenation is
most likely owing to the presence of mild intrapul-
monary shunt resulting in ventilation/perfusion
mismatch.15,16 Using a multiple inert gas elimina-
tion technique, Agusti and colleagues demon-
strated in a series of 9 patients that the degree of
arterial hypoxemia was related to the amount of
intrapulmonary shunt.15 Thoracentesis improved
shunt fraction resulting in slightly improved partial
pressure of oxygen (PaO2). Similarly, in a porcine
model, the volume of pleural effusion was directly
related to the increase in intrapulmonary shunt and
a decrease in PaO2.

16 After thoracentesis, both
shunting and the PaO2 improved. Pneumothorax
can sometimes lead to hypoxemia. The etiology
is also most likely related to worsened shunting.17

Early studies demonstrated that shunt fraction did
not increase until pneumothorax volume was
greater than 25% of the thoracic cage volume.
The degree of shunting is related to the size of
the pneumothorax.

Clinically, observation of the impact of thora-
centesis on oxygenation has been mixed.15,18–25

These conflicting reports may in part be due to
the when oxygenation is measured after
thoracentesis, with a less significant and/or no
improvement observed when oxygenation is
measured more proximally to the proced-
ure.15,19,24,25 This finding may be due to delayed
improvement in shunt fraction immediately after
thoracentesis.

In contrast, when oxygenation is measured at a
later time point, more significant changes may be
observed.21,22,26,27 In nonmechanically ventilated
patients, Perpina demonstrated a significant in-
crease in PaO2 after 24 hours.22 In 20 mechanically
ventilated patients after thoracentesis, Razazi and
associates21 demonstrated an improved PaO2:-
fraction of inspired oxygen (FiO2) at 3 hours and
24 hours after thoracentesis. Similarly, Sakurai
and colleagues26 demonstrated a significant in-
crease in the PaO2:FiO2 at 24 hours after thoracent-
esis in 22 patients. This effect was sustained for up
to 1 week only in patients with a lower baseline
PaO2:FiO2 (<174).

Chen and colleagues28 postulated that the lack
of observed change in oxygenation immediately
after thoracentesis may be due to confounding
factors such as intrinsic lung disease. In a cohort
of 26 mechanically ventilated patients with
congestive heart failure-associated pleural effu-
sions, the PaO2 and PaO2:FiO2 improved in all pa-
tients. Patients with normal pleural elastance had
a greater improvement in oxygenation. Other in-
vestigators have postulated that the volume of
effusion removed may account for the variable ef-
fect on oxygenation.21,23,25,29 However, clinically,
the relationship between the volume of fluid
removed and oxygenation is also variable. This dif-
ference may be due to heterogenicity in the co-
horts. In mechanically ventilated patients, Roch
and colleagues23 found that the PaO2:FiO2
improved only when more than 500 mL of fluid
was drained. However, in a cohort of 122 nonme-
chanically ventilated patients, patients with
smaller amounts removed (mean, 716 mL) had
more significant increase in PaO2 compared with
those drained for a greater amount.25 Razazi and
coworkers21 found that, after large volume thora-
centesis, improved oxygenation was significantly
correlated with an increase in end-expiratory
lung volume rather than volume of fluid withdrawn.
Effect on Pulmonary Function, Lung Volumes,
and Lung Mechanics

Excess pleural fluid is accommodated in the chest
primarily by an increased thoracic cage volume
owing to a greater anteroposterior and lateral rib
cage diameter and, most important, the down-
ward displacement of the diaphragm.30,31 Animal
models have quantified that approximately two-
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thirds of the volume of effusion is accommodated
by an increase in chest wall volume, with only a
one-third decrease in the FRC30 (Fig. 2). Not un-
surprisingly, after thoracentesis there are only
modest changes noted in lung volumes. In a study
of 9 patients, Brown and associates18 demon-
strated a small improvement in FRC and total
lung capacity 3 hours after thoracentesis. This
finding did not correlate with any symptom
improvement or gas exchange. Several studies
demonstrated small improvement in vital capacity
after thoracentesis.32,33

After thoracentesis, patients can experience a
significant improvement in dyspnea despite only
small improvement in lung volumes. Palliation of
dyspnea occurs primarily through the optimization
of respiratory mechanics rather than a change in
lung volume. Animal models suggest this process
is due to improvement in the length–tension rela-
tionship of the respiratory muscles. In Estenne
and colleagues’33 early studies, drainage of effu-
sion produced a significant improvement in the
inspiratory muscles’ ability to generate negative
pressure for a given lung volume. There was not
a consistent improvement of lung volumes. Mea-
surements of respiratory muscle strength
including maximal inspiratory pressure and
maximal expiratory pressure as well as forced
expiratory volume in 1 second and forced vital ca-
pacity may all improve after thoracentesis.34–36

Increased access to quality bedside ultrasound
examination has increased our understanding of
Fig. 2. Change in FRC with saline infusion into pleural
space of the dog. Mean decrease in FRC (dark gray) as
a fraction of total lung capacity (TLC) (y-axis) versus
volume of saline as a fraction of TLC (x-axis). Light
gray represents increase in chest wall. (From Krell
WS, Rodarte JR. Effects of acute pleural effusion on
respiratory system mechanics in dogs. Journal of
applied physiology (Bethesda, Md: 1985).
1985;59(5):1458-1463.)
diaphragm function in relation to the presence of
pleural effusion.36–42 A large pleural effusion may
lead to flattening, eversion, or paradoxic move-
ment of the hemidiaphragm. In patients with para-
doxic movement of the diaphragm, Wang and
coworkers42 noted a significant improvement in
post-thoracentesis metrics including dyspnea,
oxygenation, forced expiratory volume in 1 sec-
ond, and forced vital capacity. These effects
were less significant in patients without paradoxic
movement. In mechanically ventilated patients,
the impact of thoracentesis was similar; Umbrello
and associates38 demonstrated improved con-
tractile force of the diaphragm and improved tidal
volumes. In a large multifaceted study evaluating
the physiologic effects of thoracentesis on 145
symptomatic patients with pleural effusion, Muru-
ganandan and colleagues36 found a significant as-
sociation of diaphragm shape and movement with
post-thoracentesis outcomes. Before thoracente-
sis, one-half of the patients had either flattened
or everted diaphragms noted on ultrasound exam-
ination. A normal, dome-shaped diaphragm was
noted after thoracentesis in 94%. Ultrasound ex-
amination demonstrated abnormal (48%) or
decreased (21%) movement of the diaphragm
before thoracentesis in most patients. Thoracente-
sis improved this dysfunction in 97% of patients.
Relief of dyspnea after thoracentesis was strongly
associated with abnormal or paradoxic diaphragm
movement before thoracentesis (odds ratio, 4.37).
Similarly, Skaarup and colleagues40 demonstrated
that thoracentesis led to both an improvement in
qualitative and quantitative measurements of dia-
phragm movement. Using an area method with ul-
trasound examination to calculate diaphragm
movement, they demonstrated that the affected
hemidiaphragm movement increased to the level
similar to the contralateral side without effusion af-
ter thoracentesis. This finding was associated with
significant improvement of dyspnea as measured
by the Borg scale.
Aguilera Garcia and colleagues41 recently

described the relationship with pleural elastance
and diaphragm movement during thoracentesis.
Using M-mode ultrasound examination, they
measured both diaphragm excursion and the ve-
locity of diaphragm contraction before and after
thoracentesis. Pleural manometry was used to
measure pleural pressure serially. There were sig-
nificant improvements in both the velocity of dia-
phragm contraction and diaphragm excursion in
patients with expandable lung. This improvement
was positively correlated with an increase in the
respirophasic changes in pleural pressure.
Improvement in diaphragm function was felt to
be due to improvement in the length–tension
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relationship of the diaphragm after thoracentesis
and lung expansion. In those with nonexpendable
lung, there were no significant changes in either.
This finding was possibly due to removal of a
smaller volume of effusion versus the restriction
of the inspiratory movement of the diaphragm
owing to nonexpandable lung.
Other Symptoms

Dyspnea is the most common patient-reported
symptom of pleural effusion and can significantly
improve after thoracentesis.35,36,43–46 The modified
BORG (mBORG) score is the most commonly used
scale to quantify dyspnea, although other scores
including the dyspnea-12 and visual analog scale
(VAS) are also used. Boshuizen and associates46

demonstrated that daily dyspnea assessments per-
formed by patients after thoracentesis using the
mBORG score can help to predict the need for rein-
tervention. Similar to the delay noted in improve-
ment in oxygenation, patients noted maximal relief
of dyspnea 1.9 days after thoracentesis.

Muruganandan and colleagues36 recently pub-
lished one of the largest, most comprehensive
studies to date of patient reported outcomes after
thoracentesis. The Pleural Effusion And Symptom
Evaluation (PLEASE) study found that thoracente-
sis improved dyspnea as measured by the
mBORG, dyspnea-12 and VAS in the majority of
the 145 participants studied (Fig. 3). Using the
VAS alone, 73% of patients had a significant
improvement in dyspnea after thoracentesis. The
most significant predictor of improvement was de-
gree of baseline dyspnea. In another large cohort
of 163 patients, Argento and colleagues47
Fig. 3. Change in dyspnea as measured by the VAS (A) and
in 145 patients. (Reproducedwith permission of the � ERS
et al. The Pleural Effusion And Symptom Evaluation (PLEAS
atic pleural effusion. The European respiratory journal. 20
lished 14 May 2020.)
described a sustained improvement in the
mBORG 30 days after thoracentesis in the majority
of patients. Several other smaller studies have
demonstrated significant improvement in the
mBORG score after thoracentesis.35,45

Effusion-related dyspnea is often more severe
with exertion.35,36,46 This factor can lead to a
decrease in physical activity and worsening per-
formance status.48 Boshuizen and colleagues46

reported that dyspnea was decreased more mark-
edly after thoracentesis during exercise. In the
PLEASE study described elsewhere in this article,
thoracentesis improved dyspnea both at rest and
after a 6-minute walk test, but the mean change
in the mBORG was more significant after the 6-
minute walk test.36 Additionally, patients were
able to walk a mean of 29.7 m further 24 to
36 hours after thoracentesis. Cartaxo and co-
workers35 found a similar improvement in a cohort
of 25 patients after thoracentesis. Six-minute walk
distances improved by a mean of 63 m at 48 hours
after thoracentesis and were correlated with
improved forced vital capacity and forced expira-
tory volume in 1 second. The maximal mBORG
improvement was noted post-thoracentesis with
exertion.

Poor sleep quality is often subjectively
described by patients with pleural effusions.45

Marcondes and colleagues45 performed full night
polysomnography on patients before and after
thoracentesis. Polysomnography after thoraco-
centesis was notable for improved sleep effi-
ciency, total sleep time, and percentage of rapid
eye movement sleep. This study did not demon-
strate any significant change in nocturnal desatu-
ration events after thoracentesis.
6-minute walk distance (6MWD) (B) after thoracentesis
2021: FromMuruganandan S, Azzopardi M, Thomas R,
E) study of breathlessness in patients with a symptom-
20;55(5) 1900980; 10.1183/13993003.00980-2019. Pub-
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PLEURAL PRESSURE

Liquid in the pleural space generally leads to an in-
crease in the pleural pressure. Owing to the hydro-
static pressure of the fluid column, this pressure is
not equally distributed within the pleural space;
rather, there is a vertical gradient of 1 cm H2O/
cm height, with more basilar areas having a higher
pleural pressure than more apical regions.15,49

Various methods can be used to measure pleural
pressure and have led to a greater understanding
of pleural elastance, or the change in pleural pres-
sure at a given change in pleural volume.50–56

Using a simple U-tube manometer, Light and
coworkers54 were the first to describe 3 character-
istic pleural elastance curves: normal, trapped,
and entrapped (Fig. 4). When pleural elastance is
normal, before thoracentesis, pleural pressure is
typically positive. As fluid is drained, the
pressure–volume curve is monophasic and the
slope is slightly downward. The final pleural pres-
sure is �3 to �5 cm H2O and the pleural elastance
is less than14.5 cm H2O/L. Trapped lung results
from long-standing pleural inflammation, which
causes a fibrinous visceral pleural peel. It can be
seen after cardiac surgery, hemothorax, empy-
ema, or tuberculosis.57 The pleural pressure may
be initially negative, even in the presence of an
effusion. During thoracentesis, the pressure–
volume curve is steep with excessively high pleural
elastance, typically more than 25 cmH2O/L.55,57,58

These patients tend to have minimal symptoms of
dyspnea, although they often develop chest
discomfort during thoracentesis.57 An entrapped
lung is typically associated with visceral pleural
thickening owing to an active inflammatory
process, increased lung elastic recoil, or endo-
bronchial obstruction preventing the lung from
expanding with fluid drainage. During thoracente-
sis, the pressure–volume curve is biphasic with
an initial normal pleural elastance and slight down-
ward trajectory followed by a marked steep
decline. Patients with an entrapped lung, in
contrast with those with a trapped lung, are usually
symptomatically short of breath.

Pleural Pressure Monitoring and Procedural
Complications

Complications of pleural fluid drainage include
pneumothorax, reexpansion pulmonary edema
(RPE), and chest discomfort. It has been hypothe-
sized that thesecomplicationsmaybedue toexces-
sively negative intrapleural pressure during
thoracentesisand thatmeasurementofpleural pres-
sure may mitigate these complications.50,51,54,59

Pneumothorax after thoracentesis may be due
to direct iatrogenic pleural injury, but with the
routine use of ultrasound examination, this compli-
cation is rare.60 More commonly, it is due to a non-
expandable lung and/or transient alveolar–pleural
fistulae, possibly created by excessively negative
intrapleural pressure.61 Several studies have
demonstrated that pleural manometry fails to iden-
tify those that are at risk of postprocedural pneu-
mothorax.58,61 In a study of 193 patients
undergoing thoracentesis with pleural manometry,
8 were found to have postprocedural pneumo-
thorax owing to nonexpandable lung.61 One-half
of the patients had abnormal pleural elastance
measurements, but none had an excessively
negative pleural pressure (<�20 cm H2O) during
Fig. 4. Three characteristic
pleural pressure/volume curves
during thoracentesis in normal
(solid circles), entrapped (open
circles) and trapped (triangles)
lung. (From Doelken P, Huggins
JT, Pastis NJ, Sahn SA. Pleural
manometry: technique and
clinical implications. Chest.
2004;126(6):1764-1769.)



Pleural Anatomy & Physiology 573
thoracentesis. Another study of 57 patients identi-
fied 9 with post-thoracentesis pneumothorax.58 In
those with pneumothorax, the most negative
pleural pressure during thoracentesis was �10.8
cm H2O in patients with an expandable lung and
�17.3 cm H2O in those with a nonexpandable
lung.

RPE is noted infrequently after thoracentesis;
however, when significant, it can result in high
mortality.50,62,63 RPE likely is caused by an
ischemia–reperfusion injury. In a study conducted
by Feller-Kopman and associates50 of 185 pa-
tients undergoing large volume thoracentesis,
there was 1 patient with clinically significant RPE
and 4 with radiographic RPE. The development
of RPE was not associated with pleural pressure
at the start or end of the procedure, or with pleural
elastance. A conservative procedure termination
point of a pleural pressure of less than �20 cm
H2Omay partially be the reason that no correlation
was noted; prior animal models suggest that RPE
is associated with more excessively negative
pleural pressures.50,64

Chest pain during thoracentesis can be quite
distressing for patients. It has been postulated
that excessive chest discomfort may be correlated
with the development of negative intrapleural
pressure.51,59,65 A value of �20 cm H2O has
frequently been identified as a possible cut off
point for the termination of thoracentesis when us-
ing manometry. In a retrospective study of 214 pa-
tients undergoing thoracentesis with and without
manometry, no significant difference was seen in
the incidence of chest discomfort despite termina-
tion of the procedure if pleural pressure fell below
�20 cm H2O.59 Lentz and colleagues65 performed
a single-blind, randomized controlled trial with 124
patients undergoing thoracentesis with or without
manometry. A VAS was used to measure chest
discomfort before, during, and at specified inter-
vals after the procedure. The procedure was termi-
nated if patients developed persistent chest
discomfort, intractable cough, or if fluid was fully
aspirated. If manometry was used, the procedure
was also terminated if pleural pressure decreased
to less than �20 cm H2O or if there was a change
in more than 10 cm H2O between 2 readings to a
value of less than �10 cm H2O. No difference in
development of chest pain at 5 and 15 minutes af-
ter thoracentesis was noted when manometry was
used. Notably, in a separate study the authors vali-
dated the values reported by a VAS of chest
discomfort, and found that a change in 16 mm
on the VAS was a clinically significant value.66

In a study from Feller-Kopman and colleagues51

of 169 patients undergoing manometry-guided
thoracentesis, 11% reported chest discomfort. A
significantly lower closing pleural pressure and
change in pleural pressure was noted in patients
with chest discomfort compared with asymptom-
atic patients. Chest discomfort was not associated
with the volume of fluid removed, opening pleural
pressure, or pleural elastance. Only a minority of
patients with chest discomfort had a pleural pres-
sure values of less than �20 cm H2O and several
asymptomatic patients developed pleural pres-
sures of less than �20 cm H2O.
Pleural Drainage Techniques

Although none of these studies directly demon-
strated the correlation between pleural pressure
and procedural outcomes, many are mindful of
the generation of excessively negative pleural pres-
sure during thoracentesis. An effusion is commonly
manually aspirated during thoracentesis; other op-
tions include suction (wall or vacuum bottle) and
gravity drainage. Three recent studies have evalu-
ated the most optimum drainage technique.67–69

One hypothesis generated by these studies is
that excessively negative pleural pressures may
be inadvertently missed during thoracentesis us-
ing intermittent pleural pressure monitoring.
Lentz and colleagues,67 therefore, sought to
determine whether simple gravity drainage may
result in better patient-related outcomes. In their
GRAVITAS study, 140 patients undergoing thora-
centesis were randomized to undergo gravity
drainage versus manual suction. Patient-
reported chest pain at 5 minutes was the primary
outcome and was no different between the arms.
There were also no complications or difference
noted in dyspnea. Gravity drainage took consid-
erably longer.

Senitko and associates68 randomized a cohort of
100 patients to manual aspiration versus vacuum
drainage. No complications were noted in the
manual aspiration group. There were 5 complica-
tions, including 3 pneumothoraces and 1 each of
hemothorax and RPE in the vacuumgroup. Patients
in the vacuum group also had a higher rate of chest
pain. The authors concluded that the sustained
pressures of�450 cmH2O during vacuumdrainage
comparedwith peakmanual aspiration pressures of
�150 cmH2O to�300 cmH2Omay lead to a higher
rate of complications and procedure-related pain.

Although these studies indicate that manual
aspiration may be the most ideal method to drain
pleural effusions, Sagar and colleagues69 recently
shared their 14-year experience using vacuum
drainage. A total of 10,344 thoracentesis were
analyzed retrospectively. Thoracentesis was either
performed with vacuum bottles or wall suction on
the maximum setting. The procedure was



� The understanding of pleural anatomy and
physiology directly impact the care of our
patients.

� Dyspnea often improves following thoracent-
esis, irrespective of lung re-expansion and re-
lates to the mechanics of diaphragmatic
function.
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terminated when the effusion was drained
completely or limited by the development of chest
pain or persistent cough. The pneumothorax rate
was comparable with the literature (3.98% overall,
0.28% requiring intervention). Similarly, the inci-
dence of RPE was low (0.08%). Overall, the au-
thors concluded that despite sustained negative
pressure of �700 to �800 cm H2O generated
with suction, when the procedure was terminated
based on patient symptoms, it was safe to drain
effusion using suction.
� Re-expansion pulmonary edema is rare, and
likely unrelated to volume of fluid removed.

� Studies are underway to determine if pleural
manometry can be used to guide the manag-
ment of patients with malignant pleural effu-
sion.
Practical Applications of Pleural Manometry
and Future Directions

Although the measurement of pleural pressure
during thoracentesis has not been shown to pre-
vent complications of the procedure, knowledge
of pleural elastance may be beneficial in deter-
mining the optimal long term management in pa-
tients with effusion, especially if malignant. Most
recent guidelines for management of malignant
pleural effusion support the use of talc pleurodesis
when the lung is expandable.70 This factor is often
determined by evaluating post-thoracentesis
chest imaging. Martin and colleagues71 used
pleural manometry upfront to try to identify pa-
tients that would have successful pleurodesis after
talc slurry in their pre-EDIT (elastance-directed
indwelling pleural catheter or talc slurry pleurode-
sis) trial. In this feasibility trial, 31 patients were
randomized to standard of care talc slurry pleurod-
esis versus the EDIT protocol, in which an
indwelling catheter was placed immediately if
pleural elastance during initial large volume thora-
centesis was sustained over 14.5 cm H20/L. The
study demonstrated that pleural elastance was
measured successfully in 87% of patients, and
values of greater than 14.5 cm H2O/L were 100%
sensitive for a nonexpendable lung. A phase III trial
of the EDIT protocol is forthcoming and may
greatly impact the management of malignant
pleural effusion.
SUMMARY

Pleural effusion develops when there are alter-
ations in the typically tightly regulated fluid balance
in the pleural space. The significant physiologic
impairments caused by pleural effusion can be
improved with thoracentesis. Disruption of the
shape and function of the diaphragm is the primary
cause of symptomatology associated with pleural
effusion. Understanding of the change intrapleural
pressure with thoracentesis can help guide the
best practices of drainage and future management
of recurrences.
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Updates in Pleural Imaging
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KEY POINTS

� Initial modality of choice remains CXR.

� Ultrasound is increasingly being used for point-of-care diagnostics.

� Ultrasound is vital to guide pleural procedures.

� CT provides additional diagnostic assessment of pleural disease.

� MRI and PET/CT are becoming increasingly useful.
Pleural disease affects more than 300 people per disease. Further imaging includes thoracic ultraso-

100,000 population each year and leads to more
than 150 admissions per 100,000 population/y
(costing >$10 billion in the United States alone).
Radiological investigation is key in establishing a
diagnosis for patients presenting with pleural effu-
sion, thickening, masses, and pneumothorax.
Radiological findings also often determine the initial
management options and monitoring for ongoing
management. Chest radiography remains the initial
modality of choice for the investigation of pleural
disease. Further imaging includes thoracic ultraso-
nography, computed tomography, MRI, and PET,
which have important roles in further investigation,
but appropriate modality selection is critical.
INTRODUCTION

Pleural disease is common, affecting more than
300 people per 100,000 population each year1

and leading to more than 150 admissions per
100,000 population/y (costing >$10 billion in the
United States alone).2 Radiological investigation
is key in establishing a diagnosis for patients pre-
senting with pleural effusion, thickening, masses,
and pneumothorax. Radiological findings also
often determine the initial management options
and monitoring for ongoing management.

Chest radiography (CXR) remains the initial mo-
dality of choice for the investigation of pleural
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nography (US), computed tomography (CT), MRI,
and PET, which have important roles in further
investigation, but appropriate modality selection
is critical.

This article summarizes existing techniques and
provides an up-to-date review of the evidence by
disease area, highlighting the benefits and appli-
cations of each imaging modality.

IMAGING TECHNIQUES
Chest Radiography

An erect posterior-anterior CXR is the most impor-
tant and widely usedmethod to show and to follow
the progress of pleural disease. It should be the
initial choice of investigation wherever possible.
Previously, lateral CXRs were used to show small
effusions, but this has largely been superseded
by the widespread use of US and CT imaging. Su-
pine CXRs are less useful than erect CXRs in the
detection of air or fluid.

Ultrasonography

US is frequently used to assess pleural disease
first detected on CXR. The portability and ease of
use of US allows its use on patients both as outpa-
tients in clinic or inpatients (including critically un-
well patients in intensive care in whom an erect
CXR may not be possible). For reasons of safety
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Fig. 1. US: normal lung with pleural stripe (arrow) and
comet-tail artifacts (white lines).
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and efficacy, US is now mandatory when perform-
ing pleural procedures investigating pleural
fluid.3,4 US is excellent for the investigation of
pleural effusions because it can provide high-
fidelity images of fluid composition and pleural
thickening or masses.

Computed Tomography

CT investigation of pleural disease should
involve the generation of multislice thin sections
(0.5–2.0 mm) to enable multiplanar reconstruc-
tion. Pleural soft tissues are best imaged using
pleural-phase intravenous contrast, adminis-
tered with a delay of 60 to 90 seconds. This
method allows maximum pleural soft tissue
enhancement.5 Images should be reviewed us-
ing mediastinal window setting (40/400) on a
soft tissue algorithm along with review of the fis-
sures using lung window settings (�500/1500).

PET/Computed Tomography

The combination of PET/CT and CT scanning al-
lows visualization of metabolically active tissue
by detecting increased uptake of a radiolabeled
glucose isotope (eg, 18-fluorodeoxyglucose
[FDG]). Malignant cells are usually more metabol-
ically active than nonmalignant cells and therefore
concentrate FDG more avidly than normal tissue.
However, the clinical usage of PET/CT remains
limited by cost, availability, and length of exami-
nation time. Patients must fast for 4 to 6 hours
before imaging and avoid strenuous activity for
24 hours, with radioisotope administration
1 hour before the scan, which takes between 30
and 60 minutes. Nevertheless, it has an important
role in evaluation of pleural disease in the detec-
tion of extrathoracic metastases and now forms
part of the British Thoracic Society (BTS)
guidelines.6,7

MRI

MRI has an increasing role in evaluating pleural
disease because of improvements in sequences
and technique. A body coil is used initially to obtain
field-of-view scout images. Specialized coils can
then be used if further specific images are
required. Respiratory and cardiac gating are used
to minimize movement artifact.8 Typical sequences
used to image the chest are T1-weighted spin
echo, proton-density and T2-weighted spin echo
or fast spin echo with fat saturation, and short
tau inversion recovery (STIR). T1-weighted images
show excellent contrast between abnormalities in
the pleural space and extrapleural fat.9 T2-
weighted images highlight pleural fluid and provide
good contrast between pleural malignancy and
skeletal muscle.9 Because of its superior soft tis-
sue contrast resolution compared with CT, MRI is
now first line for the evaluation for chest wall inva-
sion should this influence management in the eval-
uation of malignant pleural disease.6,7 Dynamic
contrast-enhanced (DCE) MRI and diffusion-
weighted imaging (DWI) can be used to assess
malignant pleural vascularity and may predict
response to chemotherapy in patients with
mesothelioma.10–12
NORMAL APPEARANCE
Chest Radiography

In health, the parietal and visceral pleura are thin
membranes and so are not visualized on CXR,
except where the visceral pleura invaginates into
the lung to form the fissures (eg, oblique and hor-
izontal fissures) because they are tangential to the
x-ray beam.

Ultrasonography

The normal pleura is seen as a bright echogenic
line, known as the pleural stripe, comprising the
parietal and visceral pleura (Fig. 1). This line oc-
curs because most of the acoustic energy of the
US beam is reflected at the interface between
the air in the lung up to the visceral pleural. Distal
to the pleural stripe, artifacts known as B lines
(or comet tails) appear as vertical echogenic
bands extending deep into the image. B lines are
produced by any small highly reflective object in
the scanning plane and may be caused by inho-
mogeneities (eg, small foreign bodies, foci of calci-
fication, and discrete air collections) at the pleural
surface.13 During normal respiration, the pleural
stripe appears to shimmer as inhomogeneities
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move at the pleural interface. This effect is known
as lung sliding. B lines and lung sliding signs are
absent in the presence of pneumothorax.

Computed Tomography

In health, the thin visceral pleura and parietal
pleura are not easily visualized on standard CT im-
aging. However, on high-resolution CT (HRCT), the
thin layer of extrapleural fat that separates the
pleura from the fascia adjacent to the parietal
pleura is visible as a 1-mm to 2-mm intercostal
stripe14 (Fig. 2). In the absence of disease, there
should be no soft tissue internal to the rib or para-
vertebral region. On multislice CT or HRCT, fis-
sures appear as smooth, well-defined linear
opacities, less than 1 mm in thickness.14

MRI

MRI can only identify pleural membranes if there is
thickening or fluid present.

PLEURAL FLUID
Chest Radiography

Pleural fluid on erect CXR appears as a blunting of
the costophrenic angle and a flattening of the dia-
phragm. CXR can appear normal with up to
500 mL.15 As the volume of fluid increases, there
is progressive homogeneous opacification of the
lower chest with obliteration of the costophrenic
angle and the hemidiaphragm, and characteristic
meniscus sign is seen on CXR (Fig. 3).

Fluid can loculate between visceral and parietal
layers (against the chest wall) or between visceral
layers in fissures. Loculated effusions may occur in
Fig. 2. Normal CT with pleural intercostal stripe
(arrow).
the context of empyema or hemothorax and do not
move freely in the pleural space because of adhe-
sions between the pleural layers. Therefore, the
fluid does not always appear in dependent areas
with sharp medial margins, but may appear in
hazy lateral margins making an obtuse angle with
the chest wall.16 Occasionally, locations occurring
in interlobular fissures can resemble masses
(pseudotumors). Lateral CXR, US, and CT may
be required to distinguish between loculated fluid
and a solid mass.

In supine patients, the classic signs of pleural
effusion (basal opacification and the meniscus
sign) may be lost as the fluid extends posteriorly.
In this case, effusions may appear as veil-like
opacities over the whole or lower part of the hemi-
thorax with preserved lung vascular markings in
the overlying lung.

Ultrasonography

US is the most performed radiological investiga-
tion to evaluate effusions and should be universally
used in respiratory and radiological practice. It can
easily confirm the presence of an effusion and
assess its character, and is mandated before any
pleural intervention.3,4 Transudative pleural fluid
is hypoechoic, appearing dark on US. Echogenic
effusions are always exudates, but anechoic effu-
sions can be either transudates or exudates.17

Exudative effusions (with high protein content)
often form septations, which are fibrin strands
initially appearing as thin strands that can be
seen to move with movement of the fluid caused
by respiration or cardiac pulsation (Fig. 4A). Sep-
tations are associated with infected or malignant
effusion. Septations usually progress over time
Fig. 3. CXR showing pleural effusion (right) with
meniscus sign.



Fig. 4. (A) US showing pleural effusion (F) with early septations (arrow). (B) US showing organizing pleural effu-
sion with heavy mature septations (arrows).
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as additional fibrin is deposited. Eventually they
may be thick and profuse enough to give a honey-
comblike appearance of separate, noncommuni-
cating pockets of fluid (Fig. 4B). Patients with
septated pleural effusions have a higher morbidity
and mortality compared with those without
septations.18
Fig. 5. CT showing empyema and split-pleura sign:
enhancement of the thickened inner visceral pleura
(arrow) and outer parietal pleura separated by pleural
fluid.
Computed Tomography

CT is very sensitive in detecting pleural fluid and
can distinguish between free and loculated effu-
sions. In the investigation of the cause of an
exudative pleural effusion, CT should be under-
taken. CT can distinguish between parenchymal
lung disease and pleural disease. Pleural phase
contrast-enhanced CT scans can enable distinc-
tion between small effusions and pleural thick-
ening that may appear similar on an unenhanced
scan. CT should also be considered in those pa-
tients with suspected infected pleural fluid (empy-
ema) who are too unwell or unsuitable for US (eg,
in intensive care), or those who show significant
volume loss on the CXR or lobar collapse poten-
tially suggestive of underlying malignancy.
Empyema (as with an exudative cause of effu-

sion) shows parietal and visceral pleural enhance-
ment on contrast-enhanced CT scan, resulting in
the split-pleura sign (Fig. 5). Although pleural
thickening and enhancement are seen in 86% to
100% of patients with empyema, they are also
seen in 60% of parapneumonic effusions.19 In em-
pyema, attenuation of the extrapleural fat adjacent
to the fluid is also likely to be present.19 CT can be
helpful in patients not responding to conventional
treatment of empyema with antibiotics and chest
tube drainage by identifying nondraining locules
of collection. Septations are best seen on US,
but multiple pockets of gas (with or without asso-
ciated air fluid levels) on CT scanning are sugges-
tive of septated fluid. Loculated pleural collections
are often lenticular in shape with smooth margins
and relatively homogeneous attenuation.20

Enlargement of mediastinal node (<2 cm) is a com-
mon finding, but nodal involvement and increased
CT-detected pleural thickening have not been
shown to be predictive of outcome of empyema
treatment (eg, need for surgery).21

It is important to differentiate between empy-
ema and pulmonary abscesses that abut the
pleura, because the former require chest tube
placement for drainage, whereas inadvertent
drainage of the latter may result in bronchopleural
fistula formation. However, this can be difficult. On
CT, abscesses often appear as spherical, thick-



Fig. 6. CXR showing diffuse thickening (arrow) and
blunting of costophrenic angle (right).

Updates in Pleural Imaging 581
walled lesions with abrupt vessel cutoff and the
presence of bronchi at the interface between ab-
scess and normal lung. In addition, pulmonary ab-
scesses often make an acute angle with the chest
wall, whereas empyema usually creates an obtuse
angle.22

On a CT scan, hemothorax may show areas of
hyperdensity or layering. The level of attenuation
depends on the duration of the hemothorax
because fresh blood has an attenuation of greater
than 35 Hounsfield units (HU), and clotting blood of
70 HU. CT may useful in determining the cause of
the hemothorax: for example, trauma (rib or sternal
factures), or ruptured thoracic aneurysm.

PET/Computed Tomography

PET/CT can differentiate a transudate from an
exudative effusion because the transudate is
metabolically less active and so has low FDG up-
date. However, PET/CT is rarely useful in the
context of pleural infection because the effusion
is highlighted as metabolically active and thus is
indistinguishable from potential underlying
malignancy.

MRI

Although CT imaging with pleural phase contrast
remains the optimum modality for assessing ma-
lignant pleural effusions, there may be benefit for
specifically designed pleural thoracic MRI proto-
cols in certain clinical scenarios evaluating pleural
effusion. Prior limitations of flow artifacts within
the fluid created respiratory and cardiac move-
ment that can now be mitigated by respiratory
and electrocardiogram-gated sequences. If
iodinated contrast is contraindicated or identifi-
cation of chest wall invasion or septations within
pleural fluid is required, MRI (with or without gad-
olinium contrast) may add value. Pleural fluid usu-
ally has a low signal on T1-weighted sequences
and high signal on T2-weighted sequences.
Therefore, T2-weighted sequences may show
pleural nodularity, in the absence of contrast,
because both fluid and extrapleural fat are high
signal in comparison with the low-signal pleura,
with high-resolution MRI now adding greater
spatial and contrast resolution. T2 inversion re-
covery sequences with fat suppression or low
b-value DWI can help further highlight nodular
pleural foci, increasing sensitivity for detection.
Portal-venous phase contrast administration
may also show pleural enhancement and nodu-
larity, in a similar manner to CT pleural imaging,
with nodular or masslike enhancement raising
suspicion for tumor. MRI may be superior to CT
in differentiating transudates from exudates,
with transudates usually T2 hyperintense, without
pleural enhancement and no septations, whereas
exudates have a lower T2 signal intensity and
show greater heterogeneity, enhancement, and
septae. Exudates have been shown to have lower
apparent diffusion coefficient (ADC) values in
some studies.23,24 Because of the high level of tri-
glycerides, chylous effusion can cause high
signal intensity on T1-weighted images similar
to subcutaneous fat. MRI is also specific for
hemothorax, with bright signal intensity on T1-
weighted images, surrounded by a dark rim
caused by hemosiderin.
BENIGN PLEURAL THICKENING
Chest Radiography

CXR can show whether thickening is localized or
diffuse, smooth or nodular, and the presence of
pleural plaque. If viewed en profile, the thickening
appears more or less parallel to the chest wall and
forms a sharp interface with the lung. En face,
thickening looks like an ill-defined veil-like opacifi-
cation. Therefore, on standard posteroanterior
CXR, thickening can be a subtle increase in radio-
graphic density laterally on CXR, and often in-
cludes blunting of the costophrenic angle25

(Fig. 6). Diffuse pleural thickening is seen as
smooth, continuous opacification of fluid/soft tis-
sue density extending over at least 25% of the
chest wall.

Pleural plaques are areas of focal pleural thick-
ening that usually undergo hyaline transformation
and calcify. When calcified, pleural plaques are
seen as white lines on tangential views parallel to
the chest wall, or diaphragm, and when seen en
face they produce the holly-leaf sign of irregular
linear or stippled uneven calcifications.
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Ultrasonography

Pleural thickening can be identified on US once
greater than 1 cm in depth.26 Identification of
pleural thickening can be difficult in the absence
of pleural fluid because of lack of contrast between
thickening, extrapleural fat, and the pleural stripe
(the lung-pleura interface). Color Doppler function-
ality on US can sometimes usefully distinguish be-
tween thickening and small loculated effusions,
because effusions may show fluid movement (eg,
with cardiac pulsation).
Computed Tomography

CT is the modality of choice for the detection and
characterization of pleural thickening, which is
most easily assessed adjacent to ribs, where there
should not normally be any soft tissue opacity.
Pleural plaques commonly occur in the posterolat-
eral aspect in the lower thorax, parietal region, and
on the diaphragm. The characteristic appearance
of plaques on CT are discrete, elevated lesions
with steep rounded or rolled edges.27 However,
pleural plaques often increase in size and may be
numerous. With time, they may involve other as-
pects of the parietal pleura and may become
extensive, making differentiation from diffuse
pleural thickening more difficult. Pleural plaques
may also be associated with more subtle changes
in the lung parenchyma, appearing as interstitial
lines on CT, hence being known as hairy plaques
(Fig. 7A). Diffuse visceral pleural thickening, which
may occur in the context of pleural plaques, is
defined as a continuous sheet of pleural thickening
greater than 5 cm wide, greater than 8 cm in cra-
niocaudal extent, and greater than 3 mm thick,27

and the edge is tapered28 and is usually associ-
ated with rounded atelectasis.29 Rounded atelec-
tasis is the contraction and distortion of the lung
adjacent to chronic pleural thickening and appears
on CT as a rounded mass, with distortion of the
lung seen as swirling and deviation of vessels
and bronchi converging on the mass (Fig. 7B). It
can occur with pleural thickening of any cause
but is most commonly associated with asbestos-
related pleural disease.
The final radiological appearances of most

causes of benign pleural thickening are similar.
However, certain features on CT scan may give
clues as to the initial cause: extensive calcification,
volume loss, thickened extrapleural fat layer, and
associated parenchymal abnormality suggest
prior empyema (including tuberculosis); pleural
calcification with rib deformity and normal lung pa-
renchyma could indicate previous traumatic
hemothorax. The appearance after talc pleurode-
sis typically shows a characteristic talc sandwich
of soft tissue parietal pleural thickening, high-
Fig. 7. (A) CT image showing pleural
plaques with associated atelectasis
and interstitial lines (hairy plaques)
(arrow). (B) Rounded atelectasis (ar-
row) and pleural effusion (asterisk).



Fig. 8. CT image showing features of malignant dis-
ease: nodular thickening (asterisk) with rib invasion
(arrow).
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attenuation talc, and increased soft tissue visceral
pleural thickening.30

MRI

High-resolution MRI is a good technique for
assessing pleural plaques and is comparable
with CT, although CT is superior in detecting calci-
fication. On T1-weighted and T2-weighted se-
quences, plaques are of low signal.

MALIGNANT PLEURAL DISEASE
Chest Radiography

Metastatic disease accounts for most malignant
pleural thickening. Primary pleural malignancy
(mesothelioma) and metastatic disease are usually
indistinguishable on imaging. However, the pres-
ence of pleural plaques provides evidence of prior
asbestos exposure. Malignant pleural thickening
changes seen on CXR are irregular, nodular opac-
ities around the periphery of the lung. Pleural ma-
lignancy can be associated with pleural effusions
in 60%, usually unilateral, but 5% may be bilat-
eral.31 Mesothelioma can be associated with vol-
ume loss in the affected hemithorax, but this is
not specific for malignancy.

Ultrasonography

In the presence of a pleural effusion, pleural nodu-
larity (parietal, visceral, or diaphragmatic) is a highly
sensitivemarker of pleural malignancy.17 Contrast-
enhanced thoracic US (CETUS) uses highly echo-
genic agents that are injected intravenously,
thereby creating a blood signal that provides infor-
mation on the vascularity of tissue/tumors. There-
fore, CETUS may be able to distinguish benign
from malignant pleural disease,32 but its use is
currently confined to a few specialist centers.

Computed Tomography

The classic features of malignant disease on CT
scanning are nodular pleural thickening, medias-
tinal pleural thickening, parietal pleural thickening
(>1 cm), and circumferential pleural thickening(-
Fig. 8).33 These 4 features are said to have high
specificities (87%–100%, 68%–97%, 64%–98%,
and 63%–100%) but low sensitivities (18%–53%,
14%–74%, 7%–47% and 7%–54%, respec-
tively).33–39 The presence of circumferential pleural
thickening in the presence of pleural fluid is less
specific for malignancy.36 The positive predictive
value of a malignant CT report is 80% but the
negative predictive value (to exclude malignancy)
is only 65%.40 Therefore, clinicians should not
necessarily rely on a CT scan without the classic
features in patients with a high clinical suspicion
of malignancy. Other features, such as chest wall
invasion and rib destruction, are good indicators
of malignancy.

In patients being investigated for potential pleural
malignancy with pleural effusion, there is no need to
drain the pleural fluid before CXR or CT scan.41

Newer CT techniques to differentiate benign from
malignant include dynamic contrast-enhanced CT
(DCE-CT) and dual energy (or spectral) CT (DECT).

DCE-CT imaging describes the acquisition of a
baseline image without contrast enhancement
followed by a series of images acquired over
time after an intravenous bolus of conventional
contrast administration, and has advantage in
differentiating benign from malignant disease
because of the increased and often disorganized
malignant tumor vascularity.42 A recent study
has shown potential utility of DCE-CT in assess-
ing pharmacodynamic end points in the treat-
ment of malignant pleural mesothelioma.43

However, this technique is limited by high radia-
tion dose.

DECT uses 2 separate x-ray photon energy
spectra, allowing greater interrogation of materials
that have different attenuation properties at
different energies. Lower kiloelectron volt imaging
enhances vessel contrast, image quality, and the
detection of hypervascularized tissue, with iodine
overlay imaging showing value in improved detec-
tion of occult metastases in various tumor types.44

DECT has been shown to achieve better sensitivity
and specificity than standard CT for differentiating
malignant from benign disease in solitary pulmo-
nary nodules45 and pleural carcinomatosis.46
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Nevertheless, a prospective large cohort valida-
tion study is required before inclusion in clinical
practice.

PET/Computed Tomography

PET/CT is commonly used as a noninvasive
method of determining metastatic spread in pa-
tients with cancer. In addition, PET/CT has been
proposed as an imaging technique to allow differ-
entiation between benign and malignant pleural
disease (Fig. 9), but there is variation in the re-
ported sensitivity (88%–100%) and specificity
(35%–100%).47–50 Clinicians should therefore be
aware of the potential false-negative and false-
positive findings. False-positives include infection
(eg, pleural tuberculosis) or previous talc pleurod-
esis. PET/CT should be avoided in patients who
have previously received talc pleurodesis because
PET is highly avid regardless of underlying disease
(see Fig. 8B). False-negatives could include low-
grade epithelioid mesothelioma (with low meta-
bolic activity) and small tumor size. The added
value of PET/CT in pleural malignancy T-tumor
staging is limited for local staging because of its
poor spatial resolution; however, it has consider-
able value in determining nodal status and the
detection of unsuspected extrathoracic metasta-
ses, which may alter treatment planning.7

PET/CT may be of use in determining prognosis
and assessing response to chemotherapy.51–53

Tumors with low SUV (standardized update value)
on PET/CT are more likely to be epithelioid and to
Fig. 9. CT image (A) and PET/CT image (B) confirming
malignant disease (bright red).
have a better prognosis. Data suggest that a
reduction in metabolic activity after chemotherapy
(as measured by SUV, metabolic tumor volume, or
total glycolytic volume) correlates with increased
time to progression and longer survival.53 Howev-
er, this application has not translated into routine
clinical use.
Apical pleural thickening (or pleural cap) is

often idiopathic and its frequency increases
with age. It may be associated with previous
tuberculosis, in which case CT shows an in-
crease in apical pleural fat. However, it is impor-
tant to distinguish benign pleural capping from
Pancoast tumor. Malignant thickening is PET
avid, with the CT component usually showing
greater thickening and asymmetry and possibly
associated with bony destruction.
MRI

Although CT is the imaging method of choice for
investigating potential pleural malignancy, MRI
may be of some additional value in differentiating
benign from malignant disease8,54–56 and deter-
mining T stage (in terms of chest wall invasion),
and may have a role in treatment evaluation.
Contrast-enhanced fat-saturated T1-weighted
sequences may be useful in assessing focal
thickening and interlobular fissures. DWI shows
promise in differentiating benign from malignant
disease, with malignant tissue being more struc-
tured and compact than benign. The character-
istic difference in signal results in a hyperintense
speckled appearance called pointillism. One
study suggested that pointillism has a sensitivity
of 93% and specificity of 79% in diagnosing ma-
lignant pleural disease (mainly mesothelioma),11

with potential further benefit in guiding tumor
sampling with biopsy. Diffusion-weighted MRI
may identify sarcomatoid subtype of mesotheli-
oma (lower ADC values than the epithelioid sub-
type), although biopsy is still required because
of the considerable overlap of the biphasic
subtype.
T stage in terms of chest wall invasion is superi-

orly evaluated on MRI compared with CT, and,
where this will affect management, MRI should
be performed.7 Meanwhile, dynamic contrast-
enhanced weighted images (repeated acquisition
of an anatomic area through different stages of
gadolinium administration) can provide extra infor-
mation about tumor perfusion, vascularity, and
vascular permeability, which can be correlated
with tumor response to chemotherapy and there-
fore prognosis. Combined techniques of PET/
MRI are feasible and show potential in accurately
T staging mesothelioma.57
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RARE PLEURAL TUMORS
Fibromas

Chest radiography
Localized fibrous tumors are small rounded or oval
homogeneous masses on CXR. They have a
sharply delineated contour and are most
commonly seen in the lower half of the chest.
Computed tomography
On unenhanced CT scan, fibromas are homoge-
neous, with calcification seen when large. Fi-
bromas can vary in size, and larger tumors can
displace the lung parenchyma, causing atelectasis
in adjacent lung, with a smooth tapering margin
and a characteristic obtuse angle at the junction
of the mass and the pleura.58 On contrast scan,
up to 40% of fibromas are heterogeneous
(Fig. 10).59 Those with malignant change may
show central necrosis on contrast-enhanced CT
scan. Fibromas should be identified radiologically
because seeding of pleural metastases can occur
after percutaneous biopsy. Embolization of collat-
eral circulation may be required before surgical
resection.
PET/computed tomography
PET/CT may be valuable in identifying sarcoma-
tous change within a pleural fibroma, by showing
significantly increased FDG avidity.
MRI
On MRI, pleural fibromas appear as fibrous tissue
masses with low to intermediate signal on T1-
weighted and T2-weighted scans. Heterogeneous
areas, including necrosis or hemorrhage, are seen
as high signal intensity on STIR or T2-weighted im-
ages (Fig. 10).
Fig. 10. CT showing large pleural fibroma (asterisk)
with heterogeneous pattern postcontrast.
Lipomas and Liposarcomas

Lipomas are rare asymptomatic benign pleural tu-
mors, usually discovered incidentally. On CT scan,
lipomas appear as uniform pleural masses of fat
density (<50 HU) (Fig. 11).60 MRI also identifies a
well-defined homogeneous mass that is hyperin-
tense on T1-weighted and moderate intensity on
T2-weighted images.

Liposarcomas

Liposarcomas are rare malignant tumors arising
from fatty tissue. Unlike lipomas, patients often
report chest pain and/or soft tissue swelling (if the
mass extends through the chest wall). In contrast
with lipomas, CT scan shows a heterogeneous
mass with components of fat, fibrous septae, and
nodular soft tissue,60 and MRI shows low signal
on T1-weighted and high intensity on T2-weighted
images (myxoid degeneration). PET/CT can detect
suspected sarcomatous change in lipomas.

PNEUMOTHORAX
Chest Radiography

Pneumothorax is usually diagnosed on erect CXR
alone by visualization of the visceral pleural line
(not normally seen) with an absence of paren-
chymal lung markings (and increased radiolu-
cency) beyond this line (Fig. 12). CXR films
should be taken on inspiration. There is little addi-
tional benefit in performing additional expiratory
films for small pneumothorax detection.61 CT is a
more sensitive modality in these cases. Identifica-
tion may be difficult in patients with bullous lung
disease (who already have decreased vascular
markings) and when linear shadows are generated
by clothing, tubing, or skin-fold artifacts.

In supine films, identification of the deep-sulcus
sign may aid pneumothorax detection: air seen
anteromedially and subpulmonarily creates a
lucent focus adjacent to the diaphragm.62 In pa-
tients with suspected tension pneumothorax,
decompression should be performed on clinical
grounds and clinicians should not wait for this to
be confirmed on imaging.

Ultrasonography

The sonographic finding of pneumothorax is a lack
of the normal characteristic lung sliding.13 Mmode
can be used to look for lung sliding, because it de-
tects movement over time in a single plain. In
normal patients, lung movement generates the
seashore sign because lung sliding distal to the
pleural line creates a granular pattern (the sand)
and the static portion proximal to the pleural line
creates lines (the sea) (Fig. 13A). If a



Fig. 11. CT with contrast showing
pleural lipoma (asterisk). (A) Using
lung windows; (B) using mediastinal
windows (note low density of
lipoma).
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pneumothorax is present, the lack of lung sliding
removes the granular pattern and the whole image
becomes a series of parallel lines known as the
stratosphere sign (Fig. 13B).63 The lung-point
sign delineating the border between normal sliding
lung and pneumothorax can be used to identify
and potentially determine the size of pneumo-
thoraces. However, it has high specificity but low
sensitivity because it relies on at least part of the
lung being in contact with the chest wall and is
therefore not seen in large pneumothoraces.64

Horizontal reverberation artifacts (or A lines)
appear as equally spaced hyperechoic repetitive
lines caused by reflection from the pleura in the
Fig. 12. CXR showing pneumothorax (left). Arrow
shows visible visceral pleural edge.
presence of pneumothorax and not in normal
patients.
US has been reported as more sensitive than

CXR in detecting pneumothorax after percuta-
neous lung biopsy,13,65 after transbronchial bi-
opsy during bronchoscopy,66 and detecting
occult traumatic pneumothoraces in emergency
departments.67 In addition, US could be useful
in monitoring resolution of pneumothorax during
treatment and identifying residual pneumothorax
at follow-up.68 However, by relying on an
absence of signs, there is a risk of false-
positives, particularly in patients with hyperinfla-
tion, air trapping, or bullous disease (such as in
chronic obstructive pulmonary disease), or in
those with previous pleurodesis who may have
a lack of lung sliding.69

Computed Tomography

CT is more sensitive than CXR for small pneumo-
thoraces, particularly when the patient is supine.
From 25% to 40% of pneumothoraces after lung
biopsy not detectable on CXR are present on
CT.70 In the context of trauma, CT may also pro-
vide important information such as lung contusion,
infiltrates, or pericardial effusions. In patients with
extensive subcutaneous emphysema, consolida-
tion, or adult respiratory distress syndrome in
intensive care, identification of pneumothorax on
CXR can be difficult. In these patients, CT can
assist in pneumothorax detection and determining
site for chest drain insertion, and also in patients
with tethered lung or if there is concern regarding
the degree of pneumothorax in the context of se-
vere bullous lung disease.



Fig. 13. (A) US images of normal lung: (left) 3.5-Hz curvilinear probe showing bright pleural line; (right) M-mode
seashore sign: lung sliding distal to the pleural line creating granular pattern (the sand [asterisk]) and the static
portion proximal to the pleural line creating lines (the sea [dagger]). (B) US images in pneumothorax: (left) 3.5-Hz
curvilinear probe showing bright pleural line and also exaggerated horizontal (A-line) artifacts (arrows); (right)
M-mode showing the stratosphere sign: loss of granular pattern associated with lung movement. Whole image is
a series of parallel lines.
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to chemotherapy by post-treatment
changes in SUV, metabolic tumour volume
or total glycolytic volume

� Diffusion weighted imaging in MRI – Early
evidence that a speckled appearance called
pointillism may help diagnose pleural ma-
lignancy, guide tumour sampling and
differentiate subtypes of mesothelioma
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SUMMARY

CXR remains the initial investigation of choice in pa-
tients with suspected pleural disease. US is most
useful in providing detailed assessment of pleural
fluidandpleural nodularity, aswell asbeingessential
in guiding pleural procedures. US is increasingly
used for point-of-care identification of pneumo-
thorax, but this is highly operator dependent. CT
scan is themodality of choice for further assessment
of pleural disease. Newer techniques of dynamic
contrast-enhanced CT and dual energy or spectral
CT show potential for future use. MRI has specific
utility for soft tissue abnormalities and may have a
role for younger patients requiring follow-up serial
imaging. MRI and PET/CT are increasingly being
developed as tools to assess prognosis and
response to therapy in malignant pleural disease.

CLINICS CARE POINTS
� Chest x-ray remains crucial for diagnosis and
monitoring of pleural disease

� Portal venous phase contrast-enhanced CTon
soft tissue algorithm allows more detailed
assessment of pleural disease, its causes and
complications

� PET/CT and MRI now play a crucial role in the
detection of extrathoracic metastases and
chest wall invasion respectively in staging
and prognosis of pleural malignancy

� US is invaluable in the detection of small vol-
ume of pleural fluid (>20ml) and is particu-
larly useful in a clinic or bedside setting

� Advances in pleural imaging the clinical util-
ity of which is yet to be defined include:

� Contrast-enhanced thoracic ultrasound –
Intravenous high echogenicity contrast
agents that assesses vascularity of tissue
and may help distinguish benign from ma-
lignant disease but use of which remains
limited to specialist centres and is highly
operator-dependent

� Dynamic contrast-enhanced CT - Allows
more detailed vascular characterisation of
tumours and may prove beneficial for
determining pharmacodynamic end points
in the treatment of pleural malignancy

� Dual energy/spectral CT – Early potential
for differentiating malignant from benign
disease by enhancing vessel contrast, image
quality and detection of hypervascularized
tissue by use of iodine overlay maps

� PET/CT – Early evidence of utility in deter-
mining prognosis and assessing response
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Ultrasound-Guided Pleural
Investigations

Fluid, Air, and Biopsy
Jeffrey Thiboutot, MDa,*, Kyle T. Bramley, MDb
KEYWORDS

� Pleural effusion � Pneumothorax � Thoracentesis � Ultrasound � Chest tube

KEY POINTS

� Themajority of new pleural effusions require pleural drainage to help establish a diagnostic and pro-
vide symptomatic relief.

� There is strong evidence supporting ultrasound use for pleural drainage to decrease complication
rates.

� Thoracic ultrasound examination is a sensitive and specific tool for the bedside diagnosis of pneu-
mothorax.
INTRODUCTION history and physical examination are often over-
Pleural diseases are frequently encountered
across multiple inpatient and outpatient settings,
making pleural drainage and sampling one of the
most commonmedical procedures. With the wide-
spread adoption of bedside ultrasound examina-
tion, ultrasound machines are now readily
available in many clinical settings, providing both
diagnostic and procedural guidance. The modern
management of pleural disease is dominated by
ultrasound assessment with strong evidence sup-
porting its use to guide pleural interventions. Here,
we review the current landscape of ultrasound use
to guide pleural drainage, pneumothorax manage-
ment, and pleural biopsy.
m

INDICATIONS FOR PLEURAL FLUID DRAINAGE

Medical dogma teaches: “the sun should never
rise nor fall on a pleural effusion.” Although this is
an overly simplistic view, the basic principle that
a new pleural effusion needs prompt and thorough
evaluation still holds. To determine the etiology of
a pleural effusion, many physicians are quick to
jump to pleural drainage. However, a thorough
a Pulmonary and Critical Care Medicine, Johns Hopkins U
Care & Sleep Medicine, Yale University, 15 York Street, L
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looked and may yield more valuable information
than pleural fluid analysis. If, after a noninvasive
assessment, there remains equipoise as to the eti-
ology (which is often the case), or the patient is
symptomatic, prompt drainage of the pleural
space is indicated. Drainage can be both diag-
nostic and therapeutic. Indications for pleural
drainage follow 1 of 2 pathways: the first is to
establish a diagnosis, and the second is for thera-
peutic benefit (Box 1). Often both reasons are
required.

Diagnostic Indications

The diagnostic indications for a newly discovered
pleural effusion are rather broad. If an effusion
can be simply explained by clinical presentation
(ie, bilateral free-flowing effusion in a patient with
decompensated heart failure), drainage can be de-
ferred and the patient can be treated medically.
However, any new effusion that cannot be
explained otherwise should undergo sampling.
For diagnostic purposes, sampling can be per-
formed under ultrasound guidance via simple nee-
dle aspiration or thoracentesis.
niversity, Baltimore, MD, USA; b Pulmonary, Critical
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Box 1
Indications for pleural drainage

Undiagnosed

Fever

Dyspnea

Leukocytosis

Pleurisy

Immunocompromised host

Unilateral

Suspected malignancy
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Therapeutics

When a patient presents symptomatic owing to a
pleural effusion, most commonly owing to dys-
pnea, therapeutic drainage is indicated. These
are often due to large or complex effusions. Ther-
apeutic drainage is performed via ultrasound-
guided thoracentesis or chest drain insertion.

ULTRASOUND-GUIDED PLEURAL FLUID
DRAINAGE

Pleural drainage can be achieved via simple nee-
dle aspiration, thoracentesis, or chest drain inser-
tion. Pleural ultrasound guidance permits the
identification of anatomic structures, selection of
site for insertion, real-time guidance, as well as
prediction of pleural pathology (malignancy or
complicated effusions). These added benefits of
procedural ultrasound guidance have led to lower
complication and failure rates.1–4 For these rea-
sons, performing pleural drainage procedures un-
der ultrasound guidance has become the standard
of care.5,6

Training

The British Thoracic Society guidelines and the
American College of Graduate Medical Education
recommend a combination of didactic lectures
and simulated experience using ultrasound guid-
ance for thoracentesis and the insertion of chest
drains. Part of this process requires training from
an experienced practitioner. Studies have shown
that junior physicians are only able to correctly
identify a safe site for insertion in 44% to 55% of
cases,7,8 level of experience and supervised inser-
tion aided in safe site identification. A rigorous
training system with structured proficiency and
competency standards, including the use of ultra-
sound guidance, can decrease pneumothorax
rates from 8% to 1%.9 Training in pleural drainage
and ultrasound examination should be taught
across various training levels, including both med-
ical undergraduate and graduate levels. The
implementation of pleural drainage training pro-
grams has been shown to improve procedural
competency10 and decrease pain and anxiety for
patients.11 For these reasons, the American Col-
lege of Chest Physicians, the American College
of Surgeons, the American College of Emergency
Physicians, and the UK Royal College of Radiolo-
gists have all published teaching curricula for
pleural ultrasound competency.12,13
Anatomic Site Selection

Improper site selection can lead to significant
harm with visceral injury to lung, heart, diaphragm,
liver, and spleen. Classically a chest radiograph
was needed to confirm the indication and side of
procedure, although ultrasound imaging has
largely replaced this requirement. Puncture site
selection is likely the most critical step of perform-
ing pleural access, whether via simple aspiration,
thoracentesis, or pleural drain placement. The
preferred site of puncture is the triangle of safety.
That said, ultrasound findings of the largest hypo-
echoic pocket will ultimately guide the ideal
location.
The most common complication of pleural

drainage of fluid is pneumothorax. Other compli-
cations include hemorrhage, infection, chest
pain, diaphragmatic injury and re-expansion pul-
monary edema. The use of pleural ultrasound dur-
ing the drainage procedure has been shown to
reduce these complication rates. There is wide
variation in the reported pneumothorax rates
following pleural effusion drainage, ranging from
0.9% to 15.0%.14–17 The most common predictor
of a complication is the lack of operator experi-
ence and the lack of ultrasound guidance. Diacon
and colleagues18 found that ultrasound guidance
was able to locate a safe pocket for drainage
when deemed unable to be performed by standard
physical examination alone in 54% of cases. Ultra-
sound guidance prevented accidental organ punc-
ture in 10% of cases and increased the rate of
accurate site selection by 26%. In fact, the sensi-
tivity and specificity of identifying a proper site for
puncture with clinical examination alone was 77%
and 60%, respectively, compared with ultrasound
guidance as the gold standard. Retrospective
studies have shown that the use of ultrasound ex-
amination can decrease pneumothorax rates from
10% to 5%.3 For large effusions, the data for ultra-
sound use is more equivocal. Kohan and col-
leagues19 showed a significant increase in the
adequate performance of thoracentesis with ultra-
sound guidance for small effusions, but no
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differences were noted in large effusions. A 2010
meta-analysis including 24 studies evaluating
pneumothorax rates after pleural drainage found
a pooled pneumothorax rate of 6.0%.4 Again this
study finds the use of ultrasound examination
significantly decreased pneumothorax rates
(odds ratio, 0.3; 95% confidence interval, 0.2–
0.7), and lower complication rates occur with
experienced operators (3.9% vs 8.5%; P 5 .04).
The use of ultrasound guidance for appropriate
site selection is not limited to thoracentesis alone;
there is growing literature supporting its safe and
efficacious use when placing pleural drains as
well (both large and small bore chest tubes).20–22
Volume of Fluid Removal

A feared complication of large volume fluid
removal is re-expansion pulmonary edema.
Although there is no definite maximum volume of
fluid that can be removed safely, the frequency
of re-expansion edema increases as greater vol-
umes of fluid are drained. Attention should be
paid to the signs and symptoms of re-expansion
pulmonary edema, such as pain and intractable
cough. Retrospective reviews have shown a mor-
tality rate of up to 20% in patients who develop re-
expansion pulmonary edema after pleural
drainage.23 The British Thoracic Society guidelines
suggest drainage should be limited to 1.5 L.5 How-
ever, in a patient with a large effusion who is
asymptomatic during drainage, there are
numerous studies showing that greater volumes
can safely be removed.24–26 The debated 1.5 L
cutoff is based on data showing an increase in
rates of pneumothorax after large volume
drainage. Josephson and colleagues27 showed in
a prospective study of 735 thoracenteses,
compared with a drainage of 0.8 to 1.2 L, draining
1.8 to 2.2 L was associated with an odds ratio of
3.8 (95% confidence interval, 1.3–25.0) for the
development of a pneumothorax. Other smaller
studies have reported an increased incidence of
pneumothorax with increased volume of drainage;
however, taken together the level of evidence sup-
porting stopping drainage at a fixed volume in an
asymptomatic patient is low.17,24,28,29

It is in fact thought that the development of com-
plications owing to over drainage of the pleural
space is not due to volume alone, but rather driven
by rapid, nonuniform decreases in the pleural
pressure. This point had led to investigations of
pleural manometry to guide drainage. During
drainage, greater decreases in pleural pressures
have been associated with nonexpandable lung
(with risk of pneumothorax ex vacuo). That said,
the presence of more negative pleural pressures
was not able to accurately predict the develop-
ment of pneumothorax ex vacuo.30 Although
pneumothorax ex vacuo is a radiographic finding
of little importance to the patient and/or providers,
pain is a significant complication that often ac-
companies a nonexpandable lung. This premise
has been tested in a multicenter randomized
controlled study by Lentz and colleagues,31

comparing a manometry-guided drainage
approach versus a symptom-guided drainage
approach. These findings show that usingmanom-
etry to guide volume of drainage did result in lower
rates of pneumothorax ex vacuo; however, no sig-
nificant differences in the primary outcome of pain
were observed. These findings are in line with prior
nonrandomized studies evaluating the usefulness
of pleural manometry to guide drainage.32,33

Pleural manometry has also been used to predict
nonexpandable lung after indwelling pleural cath-
eter placement. A study by Halford and col-
leagues34 showed that patients with a
nonexpandable lung had significantly lower clos-
ing pleural pressures (�15.0 vs 0.0; P5 .01); how-
ever, the ability for the pleural pressure to predict
the development of nonexpandable lung was
low. Together, the data on the use of manometry
during pleural drainage is equivocal and it is not
recommended for routine use.
ULTRASOUND EXAMINATION TO DIAGNOSE
PNEUMOTHORAX

Pneumothorax is defined as the presence of air in
the chest cavity. This situation can occur sponta-
neously, as a consequence of underlying pulmo-
nary disease, or result from iatrogenic or
traumatic etiologies. A pneumothorax can present
as a life-threatening emergency and rapid diag-
nosis is essential. Thoracic ultrasound examina-
tion is useful for the bedside diagnosis of
pneumothorax and is readily available for rapid
assessment.

There are several ultrasound findings that are
both sensitive and specific to evaluate for pneu-
mothorax. Under normal conditions, the parietal
and visceral pleura are apposed, with movement
of the visceral pleura throughout the respiratory
cycle. This movement can be visualized easily via
ultrasound examination and is referred to as
“lung sliding.” When a pneumothorax is present,
the parietal and visceral pleura are no longer
apposed, with air between the surfaces. This air
scatters the ultrasound waves and lung sliding is
no longer seen. This finding, coupled with A-lines
(equidistant, horizontal, parallel lines that are a
reverberation artifact of the parietal pleura), is
diagnostic of a pneumothorax.35
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There are also ultrasound findings that indicate
the absence of pneumothorax. In a completely
atelectatic lung, this pleural movement with respi-
ration may not be visible and the clinician may
instead see conducted pulsations from the heart
along the pleural surface. This finding is known
as a “lung pulse” and its presence confirms the
absence of a pneumothorax. If the lung paren-
chyma contains alveolar or interstitial fluid, we
may see this reflected off the pleura in the form
of B lines—vertical lines arising from the pleura.
The presence of B lines confirms apposition of
the parietal and visceral pleural surfaces and rules
out a pneumothorax.
The pathognomonic finding of a pneumothorax

is the “lung point” sign, which is the visualization
of the transition zone from normally apposed
pleura and pneumothorax. This process is seen
as a lack of lung sliding with A lines (reflecting a
pneumothorax), with an area of normal lung sliding
moving through the visualization window during
the respiratory cycle. The lung point is not always
identifiable and may be absent with large pneumo-
thoraces. The presence of a lung point has a spec-
ificity and positive predictive value of 100%.36
ULTRASOUND-GUIDED CHEST TUBE
PLACEMENT FOR PNEUMOTHORAX

Thoracic ultrasound examination is used widely to
guide interventions in the setting of pleural effu-
sions. There are data to support the role of ultra-
sound guidance to increase the safety and
improve the accuracy of the placement of cathe-
ters in pleural effusion. Despite the widespread
acceptance of thoracic ultrasound guidance in
the diagnosis of pneumothorax, there are seem-
ingly few descriptions of its use to guide treatment
interventions. The use of the ultrasound examina-
tion in the treatment of pneumothorax has many
potential advantages.
Thoracostomy tubes are generally placed in the

triangle of safety, or the anatomic area bordered
by the pectoralis major, latissimus dorsi, and a
horizontal line at the fifth intercostal space. This
location minimizes the risk of bleeding by avoiding
the larger intercostal vessels that may not traverse
at the inferior border of the rib posteriorly. It also
helps to prevent subdiaphragmatic tube place-
ment by suggesting a safe lower boundary.
Although the anatomic boundary of the fifth inter-
costal space will identify the location for thoracic
placement of the chest tube in most patients,
this is not true for all patients. A recent study
used ultrasound examination to identify the level
of the diaphragm in 50 patients presenting to the
emergency room. The diaphragm was seen to
cross, or be located above the fifth intercostal
space 20% of the time on the right side and 18%
on the left, suggesting added benefit of ultrasound
examination to select a location for thoracostomy
placement.37

Thoracic ultrasound examinations can be used
to screen for vulnerable intercostal arteries at
bedside before procedures. A recent study of 50
patients undergoing contrast-enhanced
computed tomography scans evaluated the ability
to identify potentially exposed intercostal vessels
with thoracic ultrasound examination. The sensi-
tivity was 86% to 88% depending on the ultra-
sound system used. The negative predictive
value (the probability the artery is truly behind the
rib when it is not identified on ultrasound examina-
tion), was low at 0.26. Based on these data, it is
reasonable to screen for vulnerable vessels in pa-
tients who are at high risk for bleeding, although a
negative scan does not ensure optimal arterial
location.38,39

In patients with smaller pneumothoraces, ultra-
sound examination may be used to help identify
the pneumothorax pocket and aid in choosing
the optimal site for tube placement. If there is ultra-
sound evidence of lung apposition, such as where
lung sliding or B lines are seen, the risk of injury to
the lung may be greater when entering the space,
particularly with Seldinger-type chest tubes. Using
the ultrasound examination to identify areas where
there is not apposition may decrease these in-
juries. If a lung point is seen, a location outside
of this transition zone can be chosen to potentially
avoid injury to the lung.
This approach was well-described in a case

report of ultrasound examination being used to
identify a loculated basilar pneumothorax. Ultra-
sound examination was used to outline the locu-
lated pocket by identifying a lung point superiorly
and the diaphragm inferiorly, with a typical pneu-
mothorax pattern seen in the pocket.40 These ap-
proaches have not been studied rigorously, but are
helpful clinically to guide chest tube placement.
The usefulness of ultrasound examination can

be limited in certain situations. Subcutaneous
emphysema can cause artifact and prevent
adequate ultrasound visualization of the pleura,
thus limiting the ability to obtain adequate images
in these patients to guide chest tube placement.35

After chest tube placement, ultrasound exami-
nation seems to be effective at confirming intra-
thoracic placement of thoracostomy tubes. The
ultrasound examination is used to scan the soft tis-
sues of the chest wall from the tube insertion site
and can follow the course of the tube. The tube
will be seen to traverse into the pleural cavity
with intrathoracic placement, although it can be
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followed for its length in the subcutaneous space if
it is extrathoracic. The use of ultrasound examina-
tion to confirm placement has been shown to be
feasible and accurate in limited cadaveric41,42

and human studies.43
ULTRASOUND-GUIDED BIOPSIES

Thoracic ultrasound examinations can also be
used to guide pleural biopsies in cases where thor-
acentesis alone does not yield a diagnosis or when
thoracoscopy is not feasible. At one time, closed
pleural biopsies were a widely used method for
pleural sampling when simple thoracentesis did
not yield a diagnosis. Although it has been
replaced by medical pleuroscopy in many institu-
tions, it remains a useful technique for patients
who cannot undergo pleuroscopy, either because
of their clinical status or institutional availability. A
full discussion of medical pleuroscopy is
described elsewhere in a later article.

Ultrasound-guided biopsies can be performed
in a number of ways. In the case of more diffuse
disease, biopsies can be obtained with reversed-
bevel closed needles (closed pleural biopsies),
with models named after their creators Abrams
and Cope. The reported sensitivities vary widely
depending on the population studied, with a large
retrospective study suggesting a diagnostic yield
of 51.5% for malignancy and 69.0% for tubercu-
lous pleuritis.44 A recent meta-analysis of 10
studies evaluating closed pleural biopsies in the
diagnosis of exudative pleural effusions suggested
a pooled sensitivity of 77%.45 The role of ultra-
sound examination to guide these biopsies is not
well-defined, with only small studies suggesting a
benefit. Theoretically, we would expect pleural
metastases to be more frequent inferiorly in the
thorax and ultrasound examination may be able
to help identify a more suitable, lower location for
sampling.46 One small study comparing a single
proceduralist’s diagnostic yield before and after
the addition of ultrasound guidance showed a
nonstatistically significant increase in diagnostic
yield.46

If there is a discrete pleural mass or area of
pleural thickening, a cutting needle biopsy can
be used to obtain a core sample. A recent meta-
analysis found that ultrasound-guided needle bi-
opsies in patients with a variety of diagnoses
resulted in a pooled sensitivity of 83% and speci-
ficity of 100%.47

Ultrasound-guided needle biopsies seem to be
safe and beneficial in patients in whom thoraco-
scopy is not feasible. One retrospective review de-
scribes 13 patients who had failed thoracoscopy
secondary to adhesions, and another 37 patients
who were deemed too frail to undergo the proced-
ure. Ultrasound-guided cutting needle biopsies
were performed successfully in 47 of these pa-
tients (94%), including 11 of the 13 patients
(85%) whom had a failed pleuroscopy.48
Tuberculous Pleuritis

The use of ultrasound-guided biopsies has been
evaluated in diagnosing tuberculous pleuritis. A
prospective, randomized, controlled trial
compared a cutting needle biopsy with a thoraco-
scopic biopsy for tuberculous pleuritis. They
showed a sensitivity of 82% for needle biopsy
and 90% for thoracoscopy, a difference that was
not statistically significant.49 In this study, there
were 6 patients who could not undergo thoraco-
scopic biopsy given significant adhesions. Four
patients subsequently underwent successful cut-
ting needle biopsies and were diagnosed with
tuberculous pleuritis.49 A randomized controlled
trial directly compared ultrasound-guided Abrams
biopsy with cutting needle biopsy in the diagnosis
of tuberculous pleurisy. Each patient underwent
ultrasound-guided Abrams biopsies and were
more likely to contain pleural tissue (91% vs
78%) and had a higher sensitivity (82% vs 65%).50
Bacterial Pleural Infection

A potential new use for pleural biopsies was
recently evaluated in the AUDIO study. The diag-
nostic yield of microbiologic cultures of pleural
fluid in patients with pleural infection is low. It
was hypothesized that the addition of pleural bi-
opsies to standard cultures would improve the
overall yield. In a pilot study of 20 patients with
known pleural infection, ultrasound-guided pleural
biopsies were obtained at the time of tube thora-
costomy placement. The overall diagnostic yield
of the biopsy cultures was 45%. The addition of bi-
opsies to blood and pleural fluid cultures
increased the overall yield by 25%.51
SUMMARY

Undifferentiated and symptomatic pleural effu-
sions require drainage, either via simple needle
aspiration, thoracentesis, or pleural drain place-
ment. Thoracic ultrasound examination is a useful
tool for the diagnostic evaluation of pleural dis-
ease, with strong evidence supporting its use dur-
ing procedural pleural drainage. Ultrasound
examination should be used to guide site selection
for fluid drainage, evacuation of pneumothoraces,
and pleural biopsy to reduce incidence of pneu-
mothorax and nearby visceral organ injury.
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CLINICS CARE POINTS
� Use of ultrasound for pleural procedures de-
creases complication rates.

� Ultrasound guidance should be used for site
selection for pleural access and biopsy.
DISCLOSURE

J. Thiboutot and K.T. Bramley have nothing to
disclose.
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Pleural Fluid Analysis
Are Light’s Criteria Still Relevant After

Half a Century?
José M. Porcel, MD, FCCP, FACP, FERSa,*, Richard W. Light, MD, FCCPb,y
KEYWORDS

� Light’s criteria � Pleural effusion � Exudate � Transudate

KEY POINTS

� Light’s criteria were developed to discriminate between transudative and exudative pleural effu-
sions, but should not be used with peritoneal or pericardial fluid for which they have no value.

� Light’s criteria virtually identify all exudative pleural effusions and reveal many clinically unsus-
pected transudative effusions.

� The limited specificity of Light’s criteria (ie, misclassification of transudates as exudates) can be
overcome with the examination of the serum to pleural fluid protein gradient, the serum to pleural
fluid albumin gradient, or the pleural fluid levels of N-terminal pro-brain natriuretic peptide.

� Because of their accuracy and simplicity, Light’s criteria are the gold standard for separating pleural
transudates from exudates in routine clinical practice and are expected to continue in this role for
the foreseeable future.
INTRODUCTION classification as a transudate or exudate has
Pleural effusion (PE) is a key feature for a wide
range of diseases. Although there are dozens of
documented causes of PE, only a few are respon-
sible for most of the cases in clinical practice.1

Among 5625 consecutive patients who were sub-
jected to a diagnostic thoracentesis over the last
25 years in a university hospital in Lleida (Spain),
the most common diagnoses were heart failure
(HF) (28.7%), cancer (26.3%), pneumonia (15.9%),
tuberculosis (6.3%), postsurgery (4.4%), pericardial
diseases (3.6%), and cirrhosis (2.6%) (update from
one of the author’s previous reporting).2,3

Because the differential diagnosis of PEs is
wide, a systematic investigation is necessary. In
addition to an accurate history and physical exam-
ination, which should include insonation (ie, ultra-
sonography),4 pleural fluid (PF) aspiration for
analyses remains the cornerstone in establishing
the cause of a PE. Once PF is obtained, its
a Pleural Medicine Unit, Department of Internal Medicin
University of Lleida, Lleida, Spain; b Division of Allergy,
Nashville, TN, USA
y Deceased.
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long been considered the first pragmatic step in
pursuing a diagnosis.5

WHY ESTABLISHING TRANSUDATE-EXUDATE
DIFFERENTIATION IS IMPORTANT?

The categorization of PEs as transudates or exu-
dates reflects the pathophysiological process
causing the effusion.1,5 A transudate is a plasma
ultrafiltrate that occurs when the systemic factors
influencing the formation of PF are altered (ie,
increased hydrostatic pressure, decreased
oncotic pressure, decreased pressure in the
pleural space, movement of transudative fluid
from the peritoneal cavity, or a combination
thereof). Patients with transudates have normal
pleural membranes and limited diagnostic possi-
bilities. In contrast, an exudate mainly results
from the increased microvascular permeability
and/or impaired lymphatic drainage that is
e, Arnau de Vilanova University Hospital, IRBLleida,
Pulmonary and Critical Care, Vanderbilt University,

Lleida, Spain.
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associated with the local pleural involvement by in-
flammatory or tumoral conditions and has a more
extensive differential diagnosis. The differentiation
between transudates and exudates is of great
value because certain diseases produce exudates
almost exclusively, whereas others are typically
associated with transudates (Table 1).6 Transu-
dates are secondary to HF in more than 80% of
the cases and, less commonly, to cirrhosis
(8%).2,3 Because both entities usually improve
with diuretic therapy, it has been traditionally
taught that the identification of a transudate sim-
plifies the diagnostic pathway and makes further
testing unnecessary.7 The most common causes
of exudates are cancer (40%), pneumonia (24%),
and tuberculosis (10%): the diagnosis of which
necessarily implies additional PF, imaging, and/
or tissue biopsy evaluations.2,3
HOW WERE TRANSUDATES AND EXUDATES
IDENTIFIED BEFORE LIGHT’S CRITERIA?

At the beginning of the 20th century, PEs were
usually considered for practical purposes as either
Table 1
Causes of pleural transudates and exudates

Transudates Exuda

Common causes
Heart failure
Cirrhosis

Comm
Ma
Pne
Tub
Pos
Acu

Less common causes
Hypoalbuminemia
Nephrotic syndrome
Pulmonary arterial hypertension
Atelectasis
Volume overload/hypervolemia
Non-expansile lunga

Peritoneal dialysis

Less c
Tra
Idio
Pul
Abd
Aut
Ure

Rare causes
Superior vena cava syndromea

Constrictive pericarditisa

Urinothoraxa

Cerebrospinal fluid leak
Non-cirrhotic portal hypertension
Extravascular migration of CVC

Rare
Eso
Chy
Gyn

s
Dru
Ben
Vira
Sar
Am
Che

Abbreviations: CVC, central venous catheter; OH, ovarian hyp
a They may also be exudates.
b They may also be transudates (eg, cirrhotic chylothorax, a
clear or thick.8,9 Clear PEs were due to heart or
renal diseases, inflammatory conditions (tubercu-
losis, other infections), and cancer, whereas thick
PEs were subdivided into hemorrhagic (trauma)
and purulent fluids (pyogenic, tuberculous, and
lipid PEs). Thus, at that time, the macroscopic
appearance was the starting point for the differen-
tial diagnosis of PEs. Over the years, some analyt-
ical parameters of PF became more relevant for
suggesting an underlying cause. In particular, a
PF commenced to be classified as an exudate
when the protein levels exceeded 3 g/dL or its
specific gravity was more than 1016.10 Specific
gravity is the ratio of the density of a substance
(eg, PF) to that of a standard substance (ie, water,
which has a specific gravity of 1000). Measure-
ment of specific gravity, currently limited to urine
samples, can be performed using instruments
called hydrometers and refractometers or through
reagent strip methods. Digital refractometers have
replaced hydrometers for clinical applications. The
rationale of measuring specific gravity is that it
closely correlates with the protein content. A spe-
cific gravity of 1016 on a hydrometer and 1019 on
tes

on causes
lignancy
umonia
erculosis
tsurgery (cardiothoracic, abdominal)
te pericarditis and postcardiac injury syndrome

ommon causes
uma (hemothorax)
pathic
monary embolism
ominal diseases (eg, pancreatitis, abscesses)
oimmune rheumatic diseases
mic pleural effusion

causes
phageal perforation
lothoraxb and cholesterol effusions
ecologic (eg, OHS, endometriosis, Meigs
yndrome)
gs (eg, dasatinib)
ign asbestos pleural effusion
l pleuritis
coidosis
yloidosisb

st radiation therapy

erstimulation syndrome.

myloid cardiomyopathy).



Box 1
Light’s criteria for the discrimination between
transudates and exudates

A pleural effusion is classified as exudative if it
meets one or more of the following conditions,
while a transudate meets none:

� A pleural fluid/serum protein ratio greater
than 0.5

� A pleural fluid/serum LDH ratio greater than
0.6

� A pleural LDH concentration > two-thirds
(67%) of the normal upper limit for serum
LDH

Abbreviation: LDH, lactate dehydrogenase.
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a refractometer corresponds to a protein level of
3 g/dL, and each deviation of 0.003 and 0.005,
respectively, represents approximately 1 g/dL of
protein.11

In an earlier study of 32 PFs due to HF and 137
due to cancer and tuberculosis, a specific gravity
of 1016 or more had only 73% sensitivity and
72% specificity for an exudate diagnosis.12 Six de-
cades later, another study evaluated the specific
gravity of 125 PFs (about half transudative) using
both refractometric and dipstick methods.13 At
the best dividing point of 1022, the respective sen-
sitivities and specificities for identifying exudates
were 92.1% and 68.1% by a refractometer and
87.3% and 58.4% by a dipstick. The technique
was abandoned due to inaccurate measurements
and the logic of trying to measure PF proteins
directly rather than indirectly.

A pioneering study noted that the concentration
of PF protein was of greater value than specific
gravity: 84% of 43 PFs attributable to HF had
less than 3 g/dL, whereas 92.8% of 167 PFs
due to cancer and all 20 tuberculous PFs had
greater than 3 g/dL.14 As a fast-screening test
for protein, urinary reagent strips have also been
used for testing PF samples. Overall, 69% of
PFs were correctly classified by this method in a
study of 286 exudates and 97 transudates, in
which the finding of 31 proteins was seen in
78% of the former and just 6% of the latter.15

However, the pre-analytical step of diluting PFs
with normal saline (1:10) was impractical but
required due to the higher protein concentrations
in PFs compared with urine.

It was later suggested that the lactate dehydro-
genase (LDH) activity of the PF served better than
proteins and specific gravity in differentiating tran-
sudates from exudates.16 In a study of 80 patients
with PEs, of which 27 were transudative, the
respective sensitivity and specificity of different pa-
rameters for identifying exudates were as follows:
PF LDH greater than 550 U/L (96% and 100%),
PF-to-serum LDH ratio greater than 1 (91% and
78%), protein � 3 g/dL (100% and 30%), and spe-
cific gravity �1016 (87% and 40%).16
LIGHT’S CRITERIA

These previous observations led to the combining
of serum and PF protein and LDH measurements
into the formulation of an original rule, which has
been known as Light’s criteria (Box 1).17 The ratio-
nale for combining the PF to serum protein ratio
and the PF LDH is that the former is an indication
of the pleural microvascular permeability, whereas
the latter reflects the degree of pleural inflamma-
tion. The rule was derived empirically by Dr.
Richard Light while he was a pulmonary fellow at
Johns Hopkins Hospital. In 1971, an abstract of
his preliminary findings was submitted to the
American Thoracic Society Conference in Los
Angeles, and it was rejected. In 1972, data were
presented orally at the American College of Physi-
cians Annual Session held in Atlantic City, and the
derived original article was published the same
year in the Annals of Internal Medicine.17 The land-
mark investigation prospectively enrolled 150 pa-
tients with PEs, and it was found that the new
three-part rule was able to identify 102 of 103 ex-
udates and 46 of 47 transudates, which resulted in
a sensitivity of 99%, specificity of 98%, positive
likelihood ratio (LR) of 49.5, and negative LR of
0.01 for exudates.17

Eight years after their description, an article
accepted “Light’s criteria” as the standard rule
for transudate–exudate differentiation,18 while
they were first referred to as such in 1989.19 Enthu-
siasm for the impressive diagnostic accuracy
initially attributed to Light’s criteria was slightly
tempered in subsequent studies, especially
regarding their specificity. Nonetheless, the vast
majority of clinical observations have consistently
supported them as the major reference test to
assist in determining the transudative or exudative
nature of a PE.20,21 In our updated series, which is
by far the largest one described in literature
(n5 5299), Light’s criteria yield the following oper-
ating characteristics for identifying exudates: a
sensitivity of 98%, specificity of 72%, accuracy
of 90%, positive LR of 3.5, negative LR of 0.03,
and odds ratio of 142. The markedly low LR nega-
tivity indicates that an exudative PE is virtually
excluded if Light’s criteria are not met. It should
be highlighted that Light’s criteria aim to maximize
the identification of exudates to avoid the misdiag-
nosis of serious conditions. Even so, caution and
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judicious clinical reasoning is mandatory because
malignant PEs may rarely meet Light’s transuda-
tive criteria.22,23

Light’s criteria are also considered the standard
diagnosis in veterinary science. Studies on a small
number of dogs and cats carried out by the Italian
vet Dr. Andrea Zoia show that Light’s criteria have
discriminatory properties similar to those
observed in humans (ie, nearly 100% sensitivity
and 78% specificity for labeling pleural
exudates).24–26
APPLICATION OF LIGHT’S CRITERIA TO OTHER
SEROUS FLUIDS

Light’s criteria have been extrapolated to the study
of the pathologic accumulation of fluid in other se-
rous cavities of the body, such as the peritoneal
and the pericardial cavities, in an initial attempt
to uncover etiologic factors.
The initial approach used in the differential diag-

nosis of ascites consisted of separating transu-
dates caused by liver diseases from exudates
found in cancer, infectious and inflammatory dis-
eases, based on the concentration of peritoneal
fluid proteins; transudates being characterized by
protein levels less than 2.5 g/dL (occasionally,
3 g/dL was used as the level of discrimination).27

However, this criterion could not separate non-
cirrhotic transudative sources (eg, HF, constrictive
pericarditis, Budd–Chiari syndrome, inferior vena
cava obstruction, sinusoidal obstruction syn-
drome) from exudative ones. Moreover, about
20% to 25% of patients with cirrhosis have an as-
citic total protein concentration greater than 2.5 g/
dL, and a similar proportion of malignant ascites
have a low protein concentration.28 The applica-
tion of Light’s criteria appeared to only slightly
improve the accuracy of protein as the single
discriminating parameter. In a study of 62 cirrhosis
and 37 non-hepatic causes of ascites, they yielded
a sensitivity of 81%, a specificity of 76%, a posi-
tive LR of 3.38, and a negative LR of 0.25 for label-
ing exudates.29 In 1981, Hoefs30 described for the
first time a good correlation between portal vein
pressure and the calculation of the serum to asci-
tes albumin gradient. It soon became apparent
that a serum-ascites albumin difference greater
than 1.1 g/dL offered better discrimination of the
causes of ascites because it suggested the pres-
ence of portal hypertension not only in patients
with a transudate type of ascites but also in cases
of high protein concentration.31 In a large prospec-
tive series of 901 ascites samples from 330 pa-
tients, an albumin gradient greater than 1.1 g/dL
accurately identified portal hypertension 96.7%
of the time, whereas the ascites fluid total protein
concentration did so only 55.6% of the time.32 At
that time, the albumin gradient was adopted and
still remains in scientific guidelines as the initial
step strategy to grouping the cause of ascites.33

With regard to pericardial effusions, a couple of
earlier studies suggested that the individual three
items which compose Light’s criteria34 or the full
criteria themselves35 were highly sensitive (98%)
in detecting exudates but lacked enough speci-
ficity (72% in the most favorable series).35 Both
studies were limited by their small sample sizes
(11035 and 175 patients,34 of whom only 16%
and 27% had transudates, respectively) and the
significant proportion of “transudates” that were
obtained by open pericardial aspiration during
heart surgery. Indeed, the utility of differentiating
between pericardial transudates and exudates
has been seriously questioned. Pericardial fluids,
as compared with pleural or peritoneal, have
greater levels of protein and LDH,36–38 suggesting
that they are not simply an ultrafiltrate of plasma.
Therefore, most “normal pericardial fluids” are
classified as exudates when adopting Light’s
criteria.37,39 It seems that the infrequent finding
of a pericardial “transudate” would only help to
reliably rule out tuberculosis.

SEPARATING PLEURAL TRANSUDATES AND
EXUDATES BY CRITERIA OTHER THAN
LIGHT’S

After Light’s criteria description, efforts to find new
tests for categorizing PEs as transudates or exu-
dates have been continuous. However, none of
the numerous alternative proposed measures
have been shown to be superior to Light’s criteria.

Non-analytical Criteria

It may be mistakenly thought that the gross aspect
of the PF yields useful diagnostic information con-
cerning the transudative or exudative nature of a
PE. The truth is that only 11 (13%) of 82 transu-
dates exhibited a watery appearance in one
study,40 most of which were straw colored (67%)
or had a reddish color (11%). In contrast, a watery
fluid is not consistent with an exudate.
Two studies have evaluated whether clinical

judgment before thoracentesis (ie, knowledge of
clinical history, physical examination, basic labo-
ratory studies, and chest radiograph) compares
with Light’s criteria in the identification of transu-
dates and exudates. The first study, which
involved 35 consecutive patients (16 transudates
and 17 exudates), found that the physician’s clin-
ical judgment was accurate in 31 (93.9%) cases
(87.2% for the exudative and 100% for the transu-
dative processes), whereas Light’s criteria
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correctly classified 29 (87.9%) PEs (88.2% of exu-
dates and 87.5% of transudates), with no statisti-
cally significant differences between both
approaches.19 However, in a second study of
249 patients with PEs, the accuracy of Light’s
criteria was significantly superior to the initial clin-
ical presumption for separating pleural transu-
dates from exudates (93% vs 84%, P<.01).41 Of
note, while Light’s criteria failed to correctly clas-
sify 25% of transudates, the clinical assessment
did so 57% of the time. What is certain is that PF
biochemical data should always be interpreted in
the patient’s clinical context and, therefore, clinical
judgment should necessarily complement Light’s
criteria results.

A few studies comprising a small number of pa-
tients (<150) have evaluated whether computed to-
mography (CT) attenuation values in Hounsfield
units (HUs) may characterize PFs as transudates
or exudates.42–45 Most of them, but not all,43

have found that mean attenuation values of exu-
dates are significantly higher than those of transu-
dates. However, optimal cutoff values differed
between studies, from �545 to �8.544 or �13.4
HU,42 and their accuracy for labeling exudates
was at most moderate (sensitivities of 72%–83%
and specificities of 70%–86.7%). Interestingly,
the use of intravenous contrast did not significantly
affect the HU values of transudates and exudates.
In conclusion, because of overlapping HU values in
most PEs, CT has little clinical value in the charac-
terization of PFs, in addition to being an imprac-
tical and expensive approach.

In the era of bedside ultrasonography, many ex-
perts believe that the sonographic appearance of
the PE could predict the presence of an exudate.
In one early series, echogenic effusions were
invariably associated with exudates.46 However,
subsequent investigations have refuted this
notion. In a retrospective series, 127 transudative
PEs had an anechoic pattern in 45% of the cases
but a complex non-septated pattern (ie, echogenic
fluid without visualized loculations) in the remain-
ing 55%.47 A prospective study of 140 PEs
showed that echogenicity on ultrasound had a
poor sensitivity (65.1%) and specificity (57.1%) at
identifying exudates.48 In the same line, a recent
retrospective evaluation of 300 PEs, of which
76% were exudates, reported that an anechoic
appearance could be associated with either tran-
sudative (44%) or exudative (56%) PEs.49 Howev-
er, complex septated (ie, loculations present) and
complex homogeneous effusions (ie, fluid with a
hyperechoic echodensity similar to tissue) carried
a 96% positive predictive value for exudates.49

Therefore, in general, the echogenic qualities of
the fluid are inaccurate for categorizing PEs as
transudates or exudates. Finally, themeasurement
of pleural thickness using a linear probe also
seems to be of no help. In a small prospective
study of 73 patients, a pleural thickness less than
0.2 cm had 87.5% sensitivity and 56% specificity
for the diagnosis of transudates.50

Analytical Criteria

Light’s rule has been criticized for the requirement
of serum samples to calculate ratios, the inclusion
of two highly correlated criteria (PF LDH and PF to
serum LDH ratio), and the application of dichoto-
mous cutoff values to continuous variables (which
implies that results close to the cutoff value are
treated similarly to those in the extremes). To
circumvent these aspects, different formulas
have been described.51 If the taking of a serum
sample is to be avoided, it should be stressed
that single PF tests (eg, protein, LDH, or choles-
terol in isolation) are not accurate enough (Ta-
ble 2), but, when combined, they adequately
increase the discriminative value (Table 3). In
particular, the combination of PF LDH greater
than 67% of the normal upper limit of serum
LDH and PF cholesterol greater than 40 to
55 mg/dL, using an “or” rule (wherein positivity
of any of these tests represents a positive result),
can equal Light’s criteria for the identification of
exudates.52–54 In addition, dropping the PF to
serum LDH ratio from Light’s criteria (abbreviated
Light’s criteria) does not decrease their diagnostic
accuracy (see Table 3). However, in our experi-
ence changing the cutoff level of PF LDH to
greater than 45% (rather than the traditional >67%)
of a laboratory’s upper limit of normal for serum
LDH values (known as modified Light’s criteria),
as suggested by Heffner and colleagues55 in a
meta-analysis, result in a significant decrease of
specificity for a meaningless increase of sensitivity
(see Table 3).56 Finally, Bayesian strategies that
derive continuous LRs for the common biochem-
ical tests used in transudate–exudate differentia-
tion are unfamiliar to most clinicians, require
digital supporting platforms for calculations and
knowledge of pre-test probabilities, and perform
very similarly to Light’s criteria.57,58

LIMITATIONS OF TRANSUDATE–EXUDATE
STUDIES

In almost all transudate–exudate studies, there are
usually a number of methodological biases.51,59

No single gold standard exists to establish the
transudative or exudative origin of a PE. This dif-
ferentiation is based on the subjective interpreta-
tion of clinical data by the physician, who
assumes that the patient has the type of effusion



Table 2
Diagnostic accuracy for individual tests that identify pleural exudatesa

Test

No. of
Transudates/
exudates

Sensitivity,
% (95% CI)

Specificity,
% (95% CI)

Accuracy,
% (95% CI) LR D (95% CI) LR -(95% CI) OR (95% CI)

P-PF >3 g/dL 1923/3666 85 (84–86) 83 (82–85) 84 (83–85) 5.1 (4.6–5.7) 0.18 (0.17–0.20) 28 (24–33)

P-R >0.5 1841/3245 87 (86–88) 86 (84–87) 87 (86–87) 6.2 (5.5–6.9) 0.15 (0.14–0.17) 41 (34–48)

LDH-PF >250 U/Lb 1921/3638 81 (79–82) 91 (89–92) 84 (83–85) 8.7 (7.6–10.1) 0.22 (0.20–0.23) 41 (34–48)

LDH-R >0.6 1694/2809 89 (88–90) 84 (82–86) 87 (86–88) 5.5 (4.9–6.1) 0.13 (0.12–0.15) 42 (35–50)

C-PF >45 mg/dL 1417/1084 81 (79–84) 88 (86–90) 85 (84–86) 6.8 (5.9–7.8) 0.21 (0.19–0.24) 32 (26–40)

C-PF >55 mg/dL 1417/1084 67 (64–70) 94 (93–95) 82 (81–84) 11.3 (9.2–14) 0.35 (0.32–0.38) 32 (25–42)

P-G �3.1 g/dL 1841/3245 87 (85–88) 80 (78–82) 84 (83–85) 4.4 (4.0–4.8) 0.17 (0.15–0.18) 26 (22–30)

P-G �2.5 g/dL 1841/3245 70 (68–71) 94 (93–95) 78 (77–80) 11.9 (9.9–14.3) 0.32 (0.31–0.34) 37 (30–45)

A-G �1.2 g/dL 1355/705 68 (64–71) 91 (90–93) 83 (81–85) 7.6 (6.4–9.1) 0.36 (0.32–0.40) 22 (17–28)

Abbreviations: A-G, pleural fluid to serum albumin gradient; CI, confidence interval; C-PF, pleural fluid cholesterol; LDH-PF, pleural fluid lactate dehydrogenase; LDH-R, pleural fluid
to serum LDH ratio; LR 1, likelihood ratio positive; LR -, likelihood ratio negative; OR, odds ratio; P-G, pleural fluid to serum protein gradient; PF, pleural fluid; P-PF, pleural fluid
protein; P-R, pleural fluid to serum protein ratio.

a This is an update from one of the author’s previous series (Refs. 2 and 3). Note that LR positive �3, LR negative �0.3, and OR �50 represent tests with good discriminative
properties.

b This cutoff value represents two-thirds the upper limit of normal for serum LDH in our laboratory.
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Table 3
Diagnostic accuracy for test combinations that identify pleural exudatesa

Testb

No. of
Transudates/
exudates

Sensitivity,
% (95% CI)

Specificity,
% (95% CI)

Accuracy,
% (95% CI) LR D (95% CI) LR -(95% CI) OR (95% CI)

P-PF or LDH-PF 1921/3660 96 (95–97) 78 (76–80) 90 (89–91) 4.3 (4.0–4.7) 0.05 (0.04–0.06) 85 (70–103)

P-R or LDH-PFc 1845/3609 97 (96–97) 80 (78–81) 91 (90–92) 4.7 (4.3–5.2) 0.04 (0.04–0.05) 110 (89–136)

P-R or LDH-Rc 1696/3226 97 (96–97) 76 (74–78) 89 (88–90) 4.0 (3.6–4.3) 0.05 (0.04–0.06) 86 (69–106)

LHD-PF
or C-PF >55 mg/dL

1443/3183 97 (96–98) 84 (82–85) 93 (92–94) 5.9 (5.3–6.7) 0.04 (0.03–0.04) 168 (131–215)

LDH-PF >170 U/L
or C-PF >45 mg/dL

1539/3497 99 (99–100) 54 (51–56) 85 (84–86) 2.2 (2.0–2.3) 0.01 (0.01–0.02) 193 (124–300)

P-PF or LDH-PF
or C-PF >55 mg/dL

1516/3567 99 (98–99) 71 (69–73) 91 (90–91) 3.4 (3.2–3.7) 0.02 (0.01–0.02) 208 (150–287)

P-PF or LDH-PF >170 U/L
or C-PF >45 mg/dL

1580/3615 100 (99–100) 50 (48–53) 85 (84–85) 2.0 (1.9–2.1) 0.008 (0.005–0.014) 241 (144–403)

P-R or LDH-R
or LDH-PF >170 U/Ld

1749/3638 99 (99–99) 56 (53–58) 85 (84–86) 2.2 (2.1–2.4) 0.02 (0.01–0.03) 114 (82–157)

Light’s criteria (P-R
or LDH-R or LDH-PF)

1706/3593 98 (98–99) 72 (70–74) 90 (89–91) 3.5 (3.3–3.8) 0.03 (0.02–0.03) 142 (109–186)

Abbreviations: A-G, pleural fluid to serum albumin gradient; CI, confidence interval; C-PF, pleural fluid cholesterol; LDH-PF, pleural fluid lactate dehydrogenase; LDH-R, pleural fluid
to serum LDH ratio; LR 1, likelihood ratio positive; LR -, likelihood ratio negative; OR, odds ratio; P-G, pleural fluid to serum protein gradient; PF, pleural fluid; P-PF, pleural fluid
protein; P-R, pleural fluid to serum protein ratio.

a This is an update from one of the author’s previous series (Refs. 2 and 3). Note that LR positive �3, LR negative �0.3, and OR �50 represent tests with good discriminative
properties.

b With the use of cutoff values from the individual tests in Table 3, unless otherwise indicated.
c Also known as “abbreviated Light’s criteria”.
d Also known as “modified Light’s criteria”, whereby LDH-PF cutoff is set at greater than 45% of a laboratory’s upper limit of normal for serum LDH values (ie, 170 U/L in our

laboratory).
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(transudate or exudate) which is typically associ-
ated with the underlying disease. In this clinical
assessment, PF analyses are also integrated for
achieving a final diagnosis (incorporation bias).
More importantly, it should be recognized that
more than one disease may potentially be respon-
sible for a PE. For example, a prospective case se-
ries of 126 patients with unilateral PEs identified
multiple etiologies underlying the accumulation of
PF in 30% of the cases.60 Transudate–exudate
studies generally exclude patients with dual or un-
certain causes of PEs (selection bias). For
instance, the original study by Light and col-
leagues17 excluded 18% of the initially recruited
patients from the analysis because the precise
cause of their PEs could not be determined. Simi-
larly, about 14% of 982 PF samples had to be dis-
missed from a transudate–exudate study due to
the coexistence of two or more disease processes
that could explain the PF formation.61 Both incor-
poration and selection biases may inflate the diag-
nostic properties of any test undergoing
evaluation.
To add more complexity, some conditions may

cause either a transudate or an exudate (eg, non-
expansile lungs, chylothorax, urinothorax, superior
vena cava syndrome, amyloidosis).5,6 Notably,
although previously thought to be transudates on
occasion, PEs due to pulmonary embolism are
invariably exudates when Light’s criteria are used
as the reference standard.62 Moreover, some pa-
tients with bilateral PEs may have the so-called
Contarini’s syndrome, which is defined by the ex-
istence of a different cause of the PF for each side
(eg, an exudative infectious PE on one side may
trigger HF, which in turn produces a contralateral
transudate).63
IMPROVING THE SPECIFICITY OF LIGHT’S
CRITERIA

Light’s criteria combine tests using an “either-or”
rule in an attempt to maximize sensitivity for the
identification of exudates, which invariably has
an effect on decreasing specificity (ie, some tran-
sudates are misclassified as exudates). The posi-
tive LR of Light’s criteria to diagnose exudates
decreases in the presence of the so-called discor-
dant exudates (ie, only the protein ratio [protein
discordant] or the PF LDH [LDH discordant] are
consistent with an exudate). In particular, a protein
discordant exudate increases the risk of a false-
positive exudate.61 Overall, Light’s criteria
misclassify about 25% to 30% of transudates as
exudates,5,6 usually by a small margin (eg, median
protein ratio of 0.51 and median LDH ratio of 0.63
in a series of 107 misclassified HF-related
effusions).64 This miscategorization is especially
frequent in patients who have received diuretic
treatment or have bloody PFs (>10,000 erythro-
cytes/mL, which occurs in about 15% of transu-
dates).51,65 While diuresis remove more water
than solutes (protein and LDH) from the pleural
space, erythrocytes might raise pleural LDH
levels.65

To address the decreased specificity of Light’s
criteria, it has been recommended that the
gradient between the serum and the PF albumin
levels (albumin gradient), the protein gradient or,
in suspected misclassified PEs of cardiac origin,
the PF levels of natriuretic peptides be exam-
ined.51 When Light’s criteria return results near
cutoff points for exudate but the clinical proba-
bility of HF, cirrhosis, or other causes of transu-
date is at least moderate, an albumin gradient
greater than 1.2 g/dL or a protein gradient
exceeding 3.1 g/dL points to a true transudate.51

The test which should be chosen is a matter of
personal preference. However, we advocate
that the protein gradient first be examined
because it is already available from Light’s
criteria. The only caveat to bear in mind is that
the threshold for the protein gradient is better
when set at 2.5 mg/dL.66 In a retrospective se-
ries of 276 HF-related PEs which met Light’s
exudative criteria, a serum PF protein gradient
greater than 3.1 g/dL identified 46% correctly,
a protein gradient greater than 2.5 g/dL identified
79% correctly, and an albumin gradient greater
than 1.2 g/dL identified 78% correctly.66 The
same study suggested a scoring model to assist
clinicians in accurately identifying false cardiac
exudates, which consisted of age �75 years (3
points), albumin gradient greater than 1.2 g/dL
(3 points), PF LDH less than 250 U/L (represent-
ing two-thirds of the laboratory’s upper limit of
normal for serum LDH; 2 points), bilateral effu-
sions on chest radiograph (2 points), and protein
gradient greater than 2.5 g/dL (1 point). At the
best cutoff of �7 points, this scoring system
yielded 92% diagnostic accuracy, a positive LR
of 12.7, and a negative LR of 0.39 for labeling
“false cardiac exudates”.66

When PF meets the criteria for an exudative
effusion by only a small margin and the clinical pic-
ture is consistent with HF, one can presume that
the fluid is actually a transudate if high levels of
the N-terminal pro-brain natriuretic peptide (NT-
proBNP) are demonstrated, either in the PF or
blood.67 In a meta-analysis of 12 studies that
included 599 PEs due to HF and 1055 non-
cardiac PEs, NT-proBNP levels in PF had a sensi-
tivity of 94%, a specificity of 91%, a positive LR of
10.9, and a negative LR of 0.07 in identifying PEs
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with a cardiac origin.68 Respective figures for
blood NT-proBNP extracted from 4 studies were
92%, 88%, 7.8, and 0.10.68 The most widely
used cutoff point is 1500 pg/mL,69,70 though with
the advent of more sensitive new generation tests
this threshold needs to be reevaluated. NT-
proBNP is a more useful biomarker of HF than
BNP when measured in PF,70 but it has similar
discriminating capabilities as midregion pro-atrial
natriuretic peptide.71 In addition, NT-proBNP con-
centrations allow clinicians to correctly identify
greater than 80% of those cardiac PEs misclassi-
fied as exudates by Light’s criteria.70 Furthermore,
natriuretic peptides are optimal for differentiating
between cardiac and hepatic transudates, as the
pathophysiological mechanisms underlying PF
formation differ in the two processes. Detection
of elevated PF levels of NT-proBNP in patients
with established non-cardiac causes of PE (eg,
pneumonia, cancer, pericardial disease) is
currently a frequent situation which may reflect
some degree of underlying decompensated car-
diac disease contributing partially to PF
development.
WHY LIGHT’S CRITERIA HAVE STOOD THE
TEST OF TIME

There are several reasons that explain the dura-
bility of Light’s criteria among the most acclaimed
clinical rules during the last half century.72 First,
they are simple and easy to remember. Second,
they make use of readily accessible PF and serum
parameters. Third, they are 90% accurate, which
implies that demonstrating the superiority of any
new alternative criteria over Light’s criteria would
require a sample size of greater than 9100 patients
(a 0.05, b 0.1, margin of error/precision 0.01).
Finally, highly specific biomarkers for the full spec-
trum of diseases that may produce PEs are either
lacking or in development.73,74 In the meantime,
Light’s criteria represent an important milepost in
our diagnostic approach to PEs.
SUMMARY

Fifty years from their initial description, Light’s
criteria are still unhesitatingly accepted as the
default reference test for separating pleural tran-
sudates and exudates. Efforts should be focused
not so much on trying to find an even more reli-
able technique for categorizing PEs but on
improving the misclassification rate of transu-
dates that characterize Light’s criteria. Despite
their shortcomings, Light’s criteria may well
continue their reign for another 50 years. Long
live the Light’s criteria!
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Setting up a Pleural
Disease Service

Helen McDill, MBBS, BSca,*, Nick Maskell, MDa,b
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KEY POINTS

� Pleural disease is becoming more frequent and complex requiring specialist management.

� A pleural unit requires an MDT approach with different specialties closely working together to
deliver a cohesive care.

� Although there are challenges, using local resources and adapting as needed and promoting the
development of new ideas, most hospitals should be able to deliver a specialized pleural disease
service.
INTRODUCTION—THE NEED FOR A advances in both diagnostic and therapeutic op-

SPECIALIST PLEURAL SERVICE

Diagnosing and managing pleural disease can be
complex and challenging. Pleural effusions are
common with an estimated 1.5 million new pleural
effusions identified every year in the United States1

and complex with more than 60 known conditions
affecting the pleura.2 The burden of pleural dis-
ease is growing with approximately 15% of all pa-
tients diagnosed with malignancy developing a
malignant pleural effusion (MPE).3 The estimated
annual incidence in the United States is greater
than 150,000 cases3 with evidence cancer inci-
dence and prevalence is globally increasing.4

There is also evidence pleural infection is
increasing with one specific North American study
estimating the incidence is rising on average 2.8%
per year5 and a subsequent further study in Utah
confirming a 2 to 3 fold increase in incidence.6

Given the increasing complexity and incidence of
pleural disease, there is a growing view that dedi-
cated pleural services will improve the standard of
care and reduce the length of stay by providing
more ambulatory services.7–10

Alongside our growing understanding of pleural
pathology, there have also been significant
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tions. Pulmonologists’ procedural skills are
ever-expanding and frequently include IPC
(indwelling pleural catheter) insertion, pleuro-
scopy and image-guided pleural biopsies. Hence
the development of the “interventional pulmonol-
ogist.” The widespread use of thoracic ultrasound
(TUS) has made procedures safer,11–13 the detec-
tion of small volume effusions easier9 but also al-
lows US-guided procedures and image-guided
biopsies to be performed as out-patients, allow-
ing for ambulatory and individualized care.14

Few general pulmonologists will be competent
in all these procedures, leading to the setting up
of specialist pleural services to allow greater pa-
tient access to these skills.7–10 These services
lend themselves to robust training for doctors
and other health care professionals. This is a vital
part of the service to help minimize the risks of iat-
rogenic injury.11–13,15

The increasing complexity and frequency of
pleural disease and the increasing use of TUS for
procedural safety and to guide diagnostic man-
agement, as well as the increasing repertoire of
procedures, mean a dedicated specialist pleural
service is essential to provide optimal and timely
pleural care.
ust, England; b University of Bristol, Bristol, England
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Optimizing the Current Pleural Pathway

Traditionally, any patient with any type of pleural
collection resulted in hospital admission for inter-
costal drainage, with a prolonged admission for
those with MPE requiring histologic confirmation
and longer for those with pleural infection or those
with persistent air leaks.8 The resultant hospital in-
patient stay was both inconvenient and costly for
patients. Driven by this there has been a move to-
ward ambulatory pathways provided by a
specialist pleural service with increasing use of
IPC’s, Heimlich valves, day case pleuroscopy,
and ambulatory TUS and cutting needle pleural
biopsies.16,17

Emergency admission for pleural effusions are
now seen as a marker of an inefficient health
care10 and for most patients, excluding pleural
infection, outpatient management is possible11

and has shown to be effective, cost-effective,
and preferred by patients.16,18

By providing early specialist pleural care, the
aim is to minimize the number of procedures per-
formed, avoid unnecessary hospital admissions
and limit the time spent at hospital whilst allowing
both ambulatory therapeutic and diagnostic man-
agement, which has additional cost benefits.7

However, patients on these ambulatory pathways,
especially with “devices in situ” may require high
levels of support from rapid access pleural clinics,
phone and home visit support from specialist
nurses, and community teams.8,10

Skills and Procedures Within the Pleural
Pathway

The population referred, referral pathways in your
area, the skillset of your team, and access to other
services (interventional radiology, thoracic sur-
gery) will determine the number and type of pleural
procedures performed. Ideally, all pleural services
should be able to perform TUS, pleural aspiration
and intercostal drainage, IPC insertion,
ultrasound-guided image biopsies, and pleuro-
scopy. They also require good access to thoracic
surgery and interventional radiology.10,11,17

Thoracic Ultrasound

Over the past 2 decades, TUS has become a vital
tool in the diagnosis and management of pleural
disease. Studies have shown that the rate of com-
plications can be significantly reduced by the
introduction of point-of-care ultrasound for all
pleural procedures.12,13,18,19 It is incorporated
into international guidelines in the United Kingdom
and United States and is the standard of care for
drainage of pleural fluid.20,21 More advanced
techniques can be used with TUS including real-
time guidance of any pleural intervention (aspira-
tion or biopsy) and identification of the intercostal
vessels before intervention minimizing the likeli-
hood of vascular injury and the ability to identify
iatrogenic complications including bleeding from
the parietal pleura or the rapid collection of highly
echogenic fluid in the pleural space.14,22–24

TUS is the pivotal tool for pulmonologists in the
management of pleural effusions, not only it is
more sensitive than a chest radiograph for the
diagnosis,25 it also provides much more informa-
tion about the size, depth, pleural thickening, sep-
tations and complexity of the effusion, and
diaphragm movement and helps assess an under-
lying cause. Various studies have demonstrated
the sensitivity and specificity of TUS to diagnosis
malignant pleural disease in the presence of
pleural or diaphragmatic nodules, pleural
thickening >1 cm, and echogenic swirling
sign26,27 (Fig. 1).
TUS also plays an important part in pleural infec-

tion. Complex parapneumonic effusions are often
septated and loculated28 and TUS is superior at
diagnosing septations compared with computer-
ized tomography (CT).29 TUS can be used in pneu-
mothorax but is not routine practice.
Pneumothorax shows loss of lung sliding in
B-Mode30 and M-Mode shows the classical
pattern of horizontal lines above the pleural line
and granular pattern below the pleural line
(seashore pattern). Care must be taken interpret-
ing these features as they can also be mimicked
by severe emphysema or pleurodesis.31
Thoracocentesis

In 2008, the National Patient Safety Agency
(NPSA) produced a report in the United Kingdom
that highlighted increased harm when performing
non–ultrasound-guided pleural procedures.15

This report recommended that TUS should be
used for all pleural procedures. Multiple further pa-
pers have reinforced the conclusions of the NPSA
report. A study of 67 patients, prospectively iden-
tified site of puncture either using clinical decision
making alone or TUS, showed 15% of the sites
identified without TUS were “inaccurate” and likely
to cause organ damage.32 Other studies have
shown a significantly lower rate of pneumothorax
when TUS is used.33

TUS can either guide the marking of a safe site
at which a pleural procedure is performed or can
be used to guide procedures real-time where the
needle is visualized throughout. Realtime TUS
guidance is advised for a select group including
pleural biopsies, small or complex effusions, and



Fig. 1. TUS images demonstrating features that help predict the sensitivity of malignant pleural disease. (A) TUS
demonstrating MPE with echogenic fluid (dashed arrow) and metastatic diaphragmatic nodule (solid arrow). (B)
TUS demonstrating MPE with frank pleural nodularity (dashed arrow). (C) TUS demonstrating pleural thickening
(dashed arrow). (Courtesy of Dr Maged Hassan, Alexandria University Faculty of Medicine, Egypt.)
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pneumothorax-induced pleuroscopy.31 Realtime
TUS requires a greater level of skill and experience
and this has been reflected in the United Kingdom
training curriculum recently.11,34

Pleuroscopy/Local Anesthetic Thoracoscopy

Day-case pleuroscopy can be performed in the
vast majority of patients and is widely performed
and provides utility where patients are too frail
for a VATS or timely access to thoracic surgery
cannot be accessed.35,36 It allows the interven-
tionist to gain biopsies under direct vision, leading
to a sensitivity greater than 90% in malignancy and
therapeutic management of pleural fluid at the
same time via drainage and possible IPC insertion
and/or talc poudrage.37

Prethoracoscopic TUS helps the operator
choose the optimal entry site to the pleural cavity
and can help plan the procedure according to
pleural adhesions seen on TUS.31 In the presence
of no pleural effusion, TUS can identify pleural ad-
hesions that may complicate entry and reduced
the size of pleural cavity in the case of tethered
lung by identifying the absence of sliding visceral
pleura.38 If a pneumothorax is induced with a Bou-
tin needle, real-time TUS guides the initial pleural
puncture.31

Image-Guided Pleural Biopsies

The gold standard test for diagnosing the etiol-
ogies of pleural effusions is pleuroscopy, but in
some cases, the patients may not be fit enough
to undergo this or it may not be feasible due to
lung tethering or adhesions.39 In these circum-
stances, real-time TUS guidance is particularly
helpful for performing percutaneous biopsies of
the parietal pleura.31 The optimal site is where
there is a pleural mass or thickening but biopsies
can also be obtained from normal-looking pleura.
Visceral organs and intercostal vessels should
ideally be identified on TUS and avoided.31 The
most common needle used is a core cutting nee-
dle depending on operator familiarity and experi-
ence. After creating a small incision in the skin,
the needle is advanced at a shallow angle under
real-time. Once the pleural thickening is reached,
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the cutting portion of the needle is advanced to
include the parietal pleura and the adjacent chest
wall structures.40 It is suggested taking 8 to 10
core biopsies, potentially across 2 different sites,
is advisable to ensure sufficient tissue for diag-
nosis and molecular profiling.41 Fig. 2.
Core-cutting biopsy needles have good diag-

nostic yield, which is similar whether CT or TUS
is used.42 The reported sensitivity of pleural bi-
opsies with this type of needle ranges 70% to
90%.42,43 Traditionally, image-guided biopsies
have been performed by radiologists, but in the
United Kingdom, owing to the widespread use of
point-of-care TUS, many specialist pleural centers
are now able to offer TUS-guided pleural biopsies
as day cases. These are performed by physicians
and can reduce the load on radiologists with
improved diagnostic pathway times whilst main-
taining diagnostic accuracy.39,44,45

One advance of pulmonologists becoming
competent in TUS-guided biopsies is the option
of performing a combination pleural aspiration
and biopsy at their first out-patient appointment
becomes achievable in a “one-stop shop” pleural
clinic.40 It has been shown combination in these
procedures with TUS evidence of pleural thick-
ening improves diagnostic sensitivity from 38%
to 83% in comparison with aspiration alone, and
in patients eventually diagnosed with malignancy
from 30% to 90%.46 However, we have to bear
in mind whilst this approach has the benefit to
streamline outpatient pathways and waiting times
with a cost reduction, it does not offer definitive
management of MPE and the diagnostic yield is
not as high as that obtained with pleuroscopy.40,41

Outside of malignancy, a pilot study has shown
in bacterial infection, cultures of pleural biopsies
performed under TUS at the time of chest tube
insertion lead to an improvement of microbiolog-
ical yield by 25% in comparison to standard plain
and blood culture bottle pleural fluid cultures
alone.47
The Modern Diagnostic Pleural Pathway

For patients with possible thoracic malignancy,
health care models are increasingly using rapid ac-
cess clinics; patients presenting with nonacute
dyspnea, chest pain, or a pleural effusion on a
chest radiograph via these pathways will often
go on have undergone a contrast-enhanced CT
before referral to a specialist pleural clinic particu-
larly in the United Kingdom as part of the NOLCP
(National Optimal Lung cancer pathway). When
assessing patients in a dedicated pleural clinic,
TUS in experienced hands will often detect abnor-
malities increasing the preintervention likelihood of
malignancy. Given the low overall diagnostic yield
of malignancy from pleural fluid cytology, as
shown in Fig. 3,48 it may be appropriate to
consider a combined pleural aspiration and pleural
biopsy to increase diagnostic yield as part of rapid
diagnostic pathway.40 Some pleural centers are
now bypassing cytology and going straight to
pleuroscopy, when there is a high clinical possibil-
ity of mesothelioma, due to low cytology
yields.48,49
IPC (Indwelling Pleural Catheter) and Out-
Patient Pleurodesis

Over the last 2 decades, IPCs have revolutionized
the management of MPE. Previously, manage-
ment was confirmed to inpatient approaches
such as talc pleurodesis via chest tube. However,
2 large randomized control trials (RCTs), TIME2
(Second Therapeutic Intervention in Malignant
Effusion) and AMPLE (Australasian Malignant
Pleural Effusion), reported the suitability of IPCs
as a first-line therapeutic approach for MPE.50,51

IPCs can be inserted as a day case in theatre or
a procedural suite and are associated with signifi-
cantly shorter hospital stays compared with chest
drain and talc pleurodesis, improved patient-
reported dyspnea and the reduction in further
pleural procedures. However, their successful
use is dependent on adequate community
follow-up and support. Rates of non-serious com-
plications are high in most IPC studies and a dedi-
cated pleural team is required to educate patients
and carers, support community teams, and pro-
vide regular and ad-hoc advice.52

IPC management can be optimized in expansile
lung to try and achieve pleurodesis and IPC
removal in an out-patient setting. ASAP (Random-
ized Trial of Pleural Fluid Drainage Frequency in
Patients with Malignant Pleural Effusions) and
AMPLE-2 (Aggressive vs symptom-guided
drainage of malignant pleural effusion via
indwelling pleural catheters) studies looked at
conditions leading to quicker autopleurodesis.53,54

Aggressive or daily drainage in both studies
increased autopleurodesis (24% to 47% in ASAP
and 11.4% to 37.2% in AMPLE-2). Costs of
increased bottle use may be offset by longer-
term IPC community management. IPC-PLUS
was the first RCT looking at IPC-delivered talc
pleurodesis as an out-patient,55 demonstrating it
could be delivered efficaciously with successful
pleurodesis at day 35 in 43% of patients
compared with 23% in the autopleurodesis group.
The treatment of MPE has rapidly evolved, with

a large volume of high-quality research on both
chemical pleurodesis and IPC management over



Fig. 2. A) An example of a core-cutting needle used for percutaneous biopsy. (B) TUS image of pleural nodularity
(solid arrow). (C) Real-time ultrasound-guided core-cutting needle biopsy, visualizing the needle passing through
the pleural nodularity (solid arrow). (Courtesy of Dr Maged Hassan, Alexandria University Faculty of Medicine,
Egypt.)
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the last decade. This has allowed us to focus on
patient preferences and an individualized
approach to management of their MPE,56 which
should be central to any dedicated pleural service.
Ambulatory Pneumothorax Management

Patients with pneumothorax have historically been
managed in the inpatient setting, for many young
patients, this is inconvenient as they are systemi-
cally well and hindered being attached to a chest
drain bottle. Recently following RCT evidence in
a select cohort of patients with minimal symptoms,
there is an increasing trend of managing primary
spontaneous pneumothorax (PSP) conservatively,
in light of modest evidence conservative manage-
ment was noninferior to interventional manage-
ment.57 Though this less invasive approach is
welcome by patients, it does come with a risk
within your pleural service and the ambulatory
pleural service needs to be set up, so it can see
these patients at short notice in an out-patient
setting to monitor their progress and ensure they
are improving. Also, with the introduction of new
ambulatory technology, we are able to undertake
ambulatory management of patients not suitable
for conservative management, within a dedicated
pleural out-patient setting. The Heimlich Valve is
a plastic cylinder with a rubber valve that allows
unidirectional flow, allowing the proximal end to
be connected to a chest drain and the distal end
to allow air to pass out but not be entrained. Newer
devices (Pleural Vent) have been created to
include an insertion catheter and valve in one de-
vice (picture) and can be directly attached to the
skin58 (Fig. 4).

Although the 2016 BTS guidelines only advocate
the use of Heimlich valves in secondary sponta-
neous pneumothorax to allow ambulation,59 a
recent large RCT has recently been published
advocating their use within an ambulatory
pathway by a dedicated pleural service. RAMPP
(randomized ambulatory management of primary
pneumothorax), randomized patients with symp-
tomatic PSP to an ambulatory device or standard
treatment (pleural aspiration, chest tube insertion,
or both) and found ambulatory management
significantly reduced the duration of hospitaliza-
tions including readmission in the first 30 days
but at the expense of increased adverse events.60

These findings will be reflected in the next BTS
guidelines due to be published in late 2021.



Fig. 3. Scatter plot of sensitivity of pleural fluid
cytology by malignancy (error bars represent 95%
confidence intervals). (From Arnold DT, de Fonseka
D, Perry S, et al. Investigating unilateral pleural effu-
sions: the role of cytology. Eur Respir J 2018. Repro-
duced with permission of the � ERS 2021: European
Respiratory Journal 52 (5) 1801254; DOI: 10.1183/
13993003.01254-2018 Published 8 November 2018.)
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More caution is required when managing pa-
tients with secondary pneumothorax. These usu-
ally require a period of hospitalization but can be
ambulated early using a pneumostat or Heimlich
valve. The Hi-SPEC (Heimlich Valves in Secondary
Spontaneous Pneumothorax: Enhancing Care)
study showed the pleural vents tended to block
or become dislodged and should be avoided in
this setting. This is likely to be because of the
longer periods they were required to be in-situ
due to bigger air leaks that took longer to settle.61

In summary, the results of these recent RCTs
have shifted the paradigm of how we can manage
particularly PSP as an outpatient through a dedi-
cated pleural service working in conjunction with
the front door of the hospital and allowing a
patient-centric approach.
The Value of a Specialist Pleural Unit

Safety
As well as the development of specialist knowl-
edge and technical skills with TUS, basic and
more advanced pleural procedures forming a
subset of specialist skills improving patient care;
the recognition following the NPSA advice for
“pleural safety” has also added to the drive for
specialist pleural care.15 As already discussed
TUS underpins the push for safety and is formal-
ized in guidelines worldwide for all pleural proced-
ures. In the United Kingdom, TUS proficiency is a
core component of current registrar training, not
only in respiratory but also in other areas of acute
medicine.11,34 One important role of any pleural
service is the ongoing TUS training of trainees.
Their attendance at dedicated pleural lists and
clinics will allow them to develop proficiencies
and increase confidence when undertaking emer-
gency procedures out of hours.9 Delivering this
training and evaluating competency in TUS is a
key component of a tertiary led-pleural service.11

As our understanding of pleural disease and
procedures and adverse events associated with
mortality and morbidity, there is a growing realiza-
tion these interventions should be performed by
experienced interventionists within a pleural
unit.11 Early expert opinion reduces the number
of procedures and subsequently the number of
complications.

Education and training
There is growing recognition for the need to
formalize training pathways for TUS acquisition
skills and procedural competency not only for pul-
monologists but also for clinicians providing cover
out of hours to this group of patients.11 Surveys of
residents in the United States have shown low
levels of confidence in their pleural procedures
and lack of ability to manage complications.52

An essential component of running a safe
pleural unit is the recognition of trainees who will
be required to perform basic emergency pleural
procedures such as intercostal drainage and large
volume aspiration.10 This standard can be
achieved within a relatively short period, with a
dedicated pleural service leading the delivery to
residents in acute specialties who might be faced
with emergency pleural procedures. There is a
move from the traditional early training on patients
to more focus on theoretic knowledge,
stimulation-based manikin training, and
competency-led assessments.11,52 Increasingly
in postgraduate education, “Entrustable Profes-
sional Activities” (EPAs) are being used as an
assessment tool to recognize procedural indepen-
dence.34 They are widely used in pulmonary and
critical care programs in the United States.62

TUS and pleural procedural competency are well
suited to have an EPA approach underpinning
training and competence assessments. The UK
has recently adopted this approach progressing



Fig. 4. Devices to allow ambulation in pneumothorax (A) Pleural Vent with needle for insertion (B) Pleural Vent in
situ on the skin (C) Pleural vent in situ on chest radiograph (arrow) (D) Image of Pneumostat. (Images courtesy of
Dr Steven Walker, University of Bristol, UK.)
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from level 1, observing only to level 4, independent
practice within the 4 operator pathways (emer-
gency, basic, advanced, or expert).11,34 Specialist
pleural units can foster this training and supervi-
sion of competencies.

Specialist units are also the best environment to
develop training in advanced ultrasound and com-
plex procedural skills. Training can be delivered
whilst working in the unit to research and clinical
fellows, as well as rotational pulmonologists devel-
oping further subspecialists in this area.7,8

Research and audit
Historically, there has been a lack of good-quality,
large RCTs in pleural disease and previously
patients have been managed by many different
specialties.63 However, this has changed over
the last decade and a specialist pleural unit pro-
vides the opportunity to participate in research
by collecting data and tissue, and enroll patients
in growing number of RCTs assessing new man-
agement strategies and therapies.7,8 Similarly
this also allows data collection and monitoring
for audit and improvement, a key component of
a specialist unit that will address problems, inno-
vate, and improve efficiency.7

The pleural multidisciplinary team
There is no strict template for setting up a pleural
service but core members of the pleural team are
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typically multidisciplinary. This will vary greatly be-
tween different centers and is largely based on the
services that exist locally and how well they are
established.8 The fundamental aim should be to
work together to provide streamlined diagnostic
and management outpatient pathways, focusing
on patient care, timely and safe procedures, mini-
mizing admissions and safe ambulatory path-
ways.7–10 The below figure suggests the
specialties, the departments, and the staff roles
that should be central in any comprehensive
pleural service. Although it is convenient to have
all resources on one site, it is not necessary and
relies on teamwork and adaptability of existing
referral pathways. Some of the responsibilities
are interchangeable between specialities8 (Fig. 5).
The medical team
In most circumstances, a pulmonologist with
experience and interest in pleural disease will be
the nominated “pleural lead” and be the fulcrum
around which the pleural team operates. They
will typically take an overview of the service and
determine its structure and the overall long-term
direction. This role will involve education and
teaching of pleural skills across the department,
as well as also ensuring safe pleural pathways
are followed in and out of hours.8,10 Although
advanced TUS and procedural skills are desirable,
they are not essential and can be bridged by close
working relationships with thoracic surgery and
interventional radiology teams.8

A dedicated pleural fellow, although not essen-
tial, can be of significant benefit to the efficiency
of a pleural service. This role could be filled by a
research fellow or a rotating pulmonology trainee.
They will have the time and knowledge to offer
increased flexibility with reviews and procedural
skills,8 whilst also helping develop training for
other trainees.10
Radiology services
Specialist thoracic radiology services are an inte-
gral part of any pleural service, they will have
expertise in pleural imaging and can help provide
training and mentorship for pulmonologists in
TUS and image-guided procedural skills.7–10 Inter-
ventional radiologists will be able to help with com-
plex cases when expert TUS or image-guided
skills are required. In addition to TUS, CT, PET,
and MRI are all used increasingly in pleural medi-
cine, often with more than one modality used in
an individual patient, and expert thoracic radiolog-
ical interpretation is essential, as well as providing
a service for CT-guided biopsy.8,52 A thoracic radi-
ologist will also be invaluable when interpreting CT
with specific pleura protocols, enhancing the diag-
nosis accuracy in pleural malignancy.64

Thoracic surgery services
The advances in pleural medicine over the last few
years have limited the role of the thoracic surgeon
by pulmonologists acquiring skills in pleuroscopy
for tissue diagnosis and intrapleural fibrinolytic
use in pleural infection.8 Despite this there is still
a vital role for the thoracic surgeon in cases of
pleural infection that have failed medical manage-
ment, those with persistent pneumothoraces and
ongoing air leaks, and those requiring diagnostic
VATS or decortication.8,10 With the rise of
pulmonology-guided interventions, urgent surgical
thoracic assistance may also be required to
manage complications that arise with visceral
puncture or laceration of the intercostal artery.10

A close working relationship with the thoracic sur-
gical team is therefore essential if you want to run
an effective pleural service.52

Pathology services
Rapid and accurate cell, tissue, biochemical and
molecular analysis is crucial in pleural medicine
more than ever, with the rapid rise of treatment op-
tions for pleural malignancies.8,11 Given the low
sensitivity of cytology in mesothelioma and the dif-
ficulties in diagnosing some cases histologically, a
specialist pathologist with access to molecular
markers such as BAP-1 (BRAC associated protein
1) and p16 FISH is vital. Some pleural services will
offer a regional mesothelioma multidisciplinary
team (MDT) service to ensure mesothelioma diag-
noses are robust, where pathologist is a pivotal
member of this mesothelioma MDT.

Cancer and palliative care services
Specialist thoracic oncologists are a key compo-
nent of any thoracic MDT and many have a
specialist interest in pleural malignancy. Also given
over half of the pleural presentations generally
seen within a pleural unit are MPE, it is essential
there are easy, quick pathways for referrals after
diagnosis and the ability to support with ongoing
management of an MPE and symptom control
with palliative care support.8,10 Thoracic oncolo-
gists are also in a prime position to offer patients
entry into key clinical trials.8

Nursing staff
A specialist pleural nurse is a key asset to any
pleural unit, they will often help provide support
to ambulatory outpatients with IPCs or Heimlich
valves and help support the community teams
with ongoing future management and problems.
They can also help provide education to respira-
tory ward nursing staff and teach them how to



Fig. 5. The core hospital services and teams required by a pleural team and the hospital staff who will form the
pleural MDT. (Modified from Bhatnagar R, Maskell N. Developing a ‘pleural team’ to run a reactive pleural ser-
vice. Clin Med 2013; 13: 452–456.)
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manage intercostal drains, IPCs, and suction de-
vices, they can also help with the procedures
and procedural checklists, implement care bun-
dles and quality improvement projects and
actively help promote and recruit to clinical tri-
als.8,10 In many institutions, advanced nurse prac-
titioners have acquired TUS skills and can perform
pleural procedures and teach and supervise other
trainee’s.52
The pleural team day-to-day running
There are many different ways a pleural service
could be run based on your local resources and
infrastructure. A pleural service could be run from
an emergency admission ward, a day case ward,
or pulmonology outpatients.8 The key, in addition
to adequate staff and MDT support, is the basic
infrastructure to function efficiently.10 Dedicated
pleural clinic or dedicated clinic “hot” slots are
extremely useful to ensure patients can be seen
quickly following a community referral,7 especially
in the context of suspected pleural malignancy.41

This may allow the adoption of the pleural “one-
stop shop” facilitating a clinical assessment and
an initial diagnostic procedure (usually pleural
aspiration but also be an image-guided biopsy)
and a therapeutic option, all in a single outpatient
visit.40 Interventional pleural lists are also
becoming increasingly more common, with guide-
lines advocating procedures are performed away
from bed spaces and the ward environment. As a
result, it is essential as a pleural service you have
access to a dedicated procedure room, endos-
copy suite, or theater space with adequate staff



� Pleural disease is becoming more frequent
and complex requiring specialist
management.

� Pleural procedural skills are becoming more
specialist with the need for TUS proficiency
and the ability to perform TUS image-
guided procedures within a specialist pleural
service.

� There is recognition of the need for formal
TUS teaching and assessment of compe-
tencies maintained by a specialist service
following procedural safety concerns.

� The development of a specialist pleural unit
allows active recruitment to large-scale
pleural trials

� A pleural unit requires anMDTapproach with
different specialties closely working together
to deliver a cohesive care.

� Although there are challenges, using local re-
sources and adapting as needed and promot-
ing the development of new ideas, most
hospitals should be able to deliver a special-
ized pleural disease service.
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and dedicated equipment.10 Pleural lists will also
help trainees develop and consolidate skills
learned in a controlled environment.8 The service
also needs to be able to provide ad-hoc and emer-
gency in-patient care to the emergency and acute
medical admissions department, as well as the
pulmonology ward with ready access to bedside
TUS and equipment to manage these patients.

Key challenges of a setting up a pleural unit
There can be several obstacles when setting up a
pleural unit:

� Deskilling general pulmonologists without a
subspecialist interest in pleural disease,
emergency and acute medical colleagues
and trainees by taking procedures away
from them and setting higher goalpost to
achieve procedure competency through TUS
skills.10,11 But this can be overcome by
ongoing education, supporting development
of those interested in pleural disease by
involving them in service delivery and
ensuring a 2-way referral process.7

� The delivery of a safe and timely pleural ser-
vice, particularly out of hours and in remote
regions. An integral and wider component of
the pleural service is the identification of indi-
viduals who perform 24/7 cover and ensuring
they have training and competencies to pro-
vide that cover.10,11

� Funding can be a key constraint. Initially aim
for a basic infrastructure that you establish
gradually, with a willingness to challenge
traditional methods and enthusiasm for inno-
vation. This core work can be supported by
business cases for future development. It is
essential to have accurate documentation
and coding to allow remuneration and future
investment.8,10,11

SUMMARY

Given the frequency and complexity of pleural dis-
ease today, combined with an expanding array of
pleural procedures and the need for TUS profi-
ciency, a specialist pleural service is essential for
the management of pleural diseases Early
specialist intervention has led to ambulatory path-
ways, improved patient care and safety, reduced
waiting times, improved admission duration and
overall costs.10,65 Pleural services are also ideal
for the development of nurses and doctors inter-
ested in pleural medicine, and the continued sup-
port of large-scale research trials in the pleural
community.9 Using local resources and adapting
as needed, or developing and promoting new ser-
vices, it should be possible to deliver
standardized, high-quality pleural care in any hos-
pital environment.
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Hepatic Hydrothorax and
Congestive Heart Failure

Induced Pleural Effusion

Shaikh M. Noor Husnain, MDa, Samira Shojaee, MD, MPHb,*
KEYWORDS

� Congestive heart failure � Hepatic hydrothorax � Indwelling tunneled pleural catheters
� Pleural effusion � Non-malignant effusion

KEY POINTS

� Non-malignant recurrent pleural effusions such as refractory cardiac-induced pleural effusion and
hepatic hydrothorax carry poor prognosis and indicate high 1-year mortality.

� The management of recurrent cardiac-induced pleural effusion and hepatic hydrothorax should al-
ways initiate with optimizing medical management.

� Management of hepatic hydrothorax that is refractory to medical management requires multidisci-
plinary discussion, a personalized approach and consideration of patient’s TIPS and transplant
candidacy.

� Management of cardiac-induced pleural effusion that is refractory to medical management requires
multidisciplinary discussion, a personalized approach and consideration of patient’s transplant
candidacy and lung expandability.
INTRODUCTION LIVER FAILURE AND HEPATIC HYDROTHORAX
m

Pleural effusions (PEs) are frequently encountered
in routine clinical practice, affecting more than
3000 people per million population every year.
Transudative effusions are more common than
exudative effusions and have varying diagnostic
workup and prognostic and therapeutic implica-
tions.1 Heart and liver failures are two of the
most common causes of transudative PE.
Because these effusions have nonmalignant etiol-
ogies, they are commonly referred to as benign ef-
fusions despite of the poor prognosis they foretell
in their refractory stages. Like malignant effusions,
symptom management is important and plays a
significant role in palliation when these effusions
become refractory to medical therapy. Herein,
we review the pathophysiology and diagnosis of
PE development in heart and liver failure and
examine the existing evidence with particular
focus on management and palliation.
a Division of Pulmonary and Critical, Henry Ford Hospita
Critical Care Medicine, Section of Interventional Pulmono
tem, 1200 East Broad Street, PO Box 980050, Richmond,
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Chronic liver disease is the 5th leading cause of
mortality worldwide.2 PE in a patient with liver
cirrhosis and portal hypertension in absence of
cardiopulmonary disease is defined as hepatic hy-
drothorax (HH) and is seen in 5% to 15% of pa-
tients with end-stage liver disease (ESLD). Up to
25% of these patients have poor response to med-
ical therapy (diuretics and salt restriction) with
rapid recurrence of symptomatic effusion and are
known as refractory HH.3,4.
Pathophysiology

The exact mechanism by which HH develops is
not completely understood. Proposed mecha-
nisms described in literature are azygous vein hy-
pertension causing formation of collateral
anastomosis between portal and azygous system,
transfer of peritoneal fluid through diaphragmatic
l, Detroit, MI, USA; b Department of Pulmonary and
logy, Virginia Commonwealth University Health Sys-
VA 23298, USA
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defects,5 passage of fluid from peritoneal to
pleural surface via transdiaphragmatic lym-
phatics,6 hypoalbuminemia resulting in decreased
colloid pressure, and lymphatic leakage from the
thoracic duct.7 Among these, the most widely
accepted theory is the passage of ascitic fluid
through diaphragmatic defects.5

Cirrhosis and portal hypertension, vasodilation
of splanchnic and systemic arteries, and neurohor-
monal activation result in decreased sodium and
water excretion, leading to ascites in the peritoneal
space.8 It is hypothesized that due to pressure
gradient (positive intraabdominal pressure and
negative intrathoracic pressure), fluid shifts
through diaphragmatic defects known as pleuro-
peritoneal communications, resulting in HH. There
are 4 types of pleuroperitoneal communications
described in literature, ranging from no obvious
defect (type 1), blebs on the diaphragm (type 2),
defects or fenestration of the diaphragm (type 3,
most common), and multiple gaps in the dia-
phragm (type 4).9 These defects and blebs tend
to occur more commonly in the right hemidiaph-
ragm (59%-80%) compared with the more
muscular and thicker left hemidiaphragm.9
Diagnostic Workup

Effusion in the setting of ascites and ESLD should
raise suspicion of HH. A systematic approach is
necessary for efficient diagnosis and manage-
ment. Detailed clinical history and examination,
radiographic/ultrasonographic assessment, and
pleural fluid analysis are required in order to
exclude cardiac, renal, and malignant causes of
PE.10,11 Paracentesis and thoracentesis in those
with mild coagulation abnormalities are generally
safe, although caution is warranted in the pres-
ence of anticoagulation or a bleeding diathesis,
thrombocytopenia, and renal failure.10,11

Although HH is usually a transudative effusion,
in cases where the effusion is mischaracterized,
pleural fluid/serum bilirubin ratio less than 0.6
can be helpful.12 Additionally, similar to serum–
ascites albumin gradient, serum pleural fluid albu-
min gradient of greater than 1.1 g/dL is consistent
with a transudative process13 and tends to
perform significantly better than just protein
gradient of greater than 3.1 g/dL. On occasion, pa-
tients with cirrhosis have high liver capillary pres-
sure, with a commensurate increase in lymphatic
flow in the liver and the thoracic duct,14 resulting
in formation of chylous ascites, and triglyceride
levels can help in their diagnosis.
For atypical presentation of hydrothorax and un-

certain diagnosis, nuclear scans using intraperito-
neal instillation of 99mTc-human serum albumin or
99mTc-sulfur-colloid15 and scintigraphy are effec-
tive diagnostic tools which can help identify pleu-
roperitoneal communication even in the absence
of ascites.16,17
Management of Hepatic Hydrothorax/
Refractory Hepatic Hydrothorax

Management of HH should be multidisciplinary
and start with medical therapy. Once refractory
HH is diagnosed, it is pivotal to assess for poten-
tially curative liver transplantation. However, ther-
apies like liver transplantation or other options
such as transjugular intrahepatic portosystemic
shunt (TIPS) do not follow a straightforward path
as many patients do not qualify for either. In such
patients, more personalized treatment strategies
should be selected in a multidisciplinary fashion.

Management of excess fluid production
The sirst step in medical management is obtaining
a negative sodium balance18 to decrease ascitic
fluid production and ultimately reduce fluid shift.
Patients with ESLD and moderate ascites gener-
ally have weak sodium excretion and require so-
dium restriction.19 Morando and colleagues20

observed dietary sodium compliance in only 30%
of patient.
However, in most cases, dietary restrictions are

not sufficient, and diuretics are required. Treat-
ment with distally acting aldosterone receptor an-
tagonists and loop diuretics is the preferred
regimen.21 Medication titration is often required
to achieve expected goals and require close moni-
toring of renal function, serum electrolytes, blood
pressure, and orthostatic vitals.
An estimated 20% to 30% of patients who

tolerate large doses of diuretics have lack of clin-
ical response and continue to have recurrent HH
(diuretic-resistant HH).22 About 5% to 10% of pa-
tients cannot tolerate diuresis and experience
diuretic induced hyponatremia and encephalopa-
thy (diuretic-intractable HH).
Splanchnic and peripheral vasoconstrictors

including octreotide, midodrine, and terlipressin
have also been used to aid sodium excretion by
decreasing the activation of renin–angiotensin–
aldosterone system and increasing effective arte-
rial volume causing sodium excretion.23–25 More
data are required to examine the role of these
agents in management of HH.

Transjugular intrahepatic portosystemic shunt
Portal hypertension leads to fluid accumulation by
increasing the portosystemic gradient (pressure
between portal vein and hepatic vein/inferior
vena cava [IVC]). Normal gradient is � 5 mm
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Hg,26 and ascites rarely develop if postsinusoidal
pressure gradient is � 12 mm Hg.27

TIPS is a low resistance side-to-side shunt
created between the intrahepatic branch of the
portal vein and hepatic artery using a stent to
decrease portal hypertension.25

Amultidisciplinary teamapproach is necessary to
evaluate a patient’s candidacy for TIPS. Up to 50%
of patients with refractory HH do not meet candi-
dacy criteria.28 Although TIPS has shown to reduce
mortality in patientswith variceal bleeding, no signif-
icant mortality benefit is seen for other conditions
including HH.29 In another study, TIPS performed
for refractory HH versus refractory ascites did not
show any survival benefit and response rate, and
fluid accumulation was not different in either
group.30 A meta-analysis including 332 patients
who received TIPS for HH showed 74%overall suc-
cess (56%complete and25%partial response).He-
patic encephalopathy occurred in 27% of patients,
and 1-month and 1-year mortality rates were 19%
and 48%, respectively.31 Earlier studies used bare
metal or uncovered stent; however, stent evolution
has led to modern stent grafts that have superior
patency and improved symptom control with less
need for revision.32–34

Other means of bridge to transplant or
palliation
Repeat thoracentesis Repeat thoracentesis is an
effective and safe way to remove large fluid vol-
umes and a standard procedure for symptomman-
agement in patients who are not TIPS or transplant
candidates, although drainage of ascites before
accessing the thoracic cavity is recommended.3

Coagulopathy, elevated international normalized
ratio (INR), and thrombocytopenia are usual find-
ings in patients with ESLD; however, the role of pre-
thoracentesis plasma and platelet transfusion has
not been studied.35,36 Although thoracentesis is a
safe procedure, most existing studies have not
evaluated its safety within specific etiologies of PE.

Inasingle-center retrospectivestudy, repeat thor-
acentesis in HHwas safe although when compared
with repeat thoracentesis in the non-HH group, the
cumulative rate of complications increased with
the increased number of thoracenteses.37 The HH
group (n5 82) required a higher median number of
thoracentesis (5 vs 2) at shorter intervals (14 vs
35 days) compared with the non-HH group
(n 5 100). Within the HH group, higher Model For
End-Stage Liver Disease (MELD) scores (odds ratio
(OR) 5 1.19, 95% confidence interval (CI) 5 1.03–
1.36, P 5 .012) and platelet count less than
50 � 103/mL (OR 5 9.67, 95% CI 5 1.16–80.42,
P 5 .035) were associated with higher hemothorax
rates in multivariable analysis. Intercostal varicose
veins leading to spontaneous hemothorax are re-
ported inpatientswithESLD.38Althoughnot studied
specifically in patients with HH, we recommend ul-
trasound examination of the intercostal space with
a linear/vascular ultrasoundprobebefore thoracent-
esis in patients with HH, particularly those with
thrombocytopenia and higher MELD scores.

Conventional chest tubes Conventional chest
tubes often placed with the goal of pleural space
evacuation lead to large volume, electrolyte, and
protein loss in patients with HH. Guidelines from
the American Association for the Study of Liver
Diseases recommend against conventional chest
tubes in HH.39,40 High complication rates and
increased mortality have been observed in multi-
ple case series.41,42 In a retrospective study of
55 patients with HH, 88% developed infectious
complications, renal failure, or electrolyte imbal-
ance and reported mortality rate at 33%43 due to
empyema and sepsis following chest tubes place-
ment. In a retrospective study of 140,573 patients
with liver cirrhosis, 205 patients with chest tubes
were compared with 1776 who underwent thora-
centesis only and showed that mortality was twice
as high in the chest tube subgroup.44

Indwelling tunneled pleural catheters Indwelling
tunneled pleural catheters (IPCs) have shown
great palliative benefit for malignant PEs (MPEs),
but it was not until 2017 when they were approved
by the FDA for non-MPEs.45.

Single-center retrospective and prospective data
on IPCs in HH show a spontaneous pleurodesis
rate of 15% to 33% with a pleural space infection
rate of 15% to 33% (Table 1).46–52 In one multi-
center retrospective study50 of 79 patients who un-
derwent IPC placement, pleural space infection
occurred in 10% of the population with 2.5% mor-
tality secondary to sepsis due to empyema. Impor-
tantly, only 2 cases of electrolyte imbalance or renal
failure related to IPC placement were reported,
which may suggest a superior safety profile
compared with reported complications of conven-
tional chest tubes. This difference may be related
to the volume/day drained. While most conven-
tional chest tubes are placed with purpose of com-
plete evacuation of the pleural space, IPCs are
drained at maximum of 1 L/every other day
schedule or no more than 1 L/d on symptomatic
days. The primary goal of an IPC is symptom palli-
ation and not pleural space evacuation.

Spontaneous pleurodesis rate of 28% to 33%
with IPCsmay represent an overestimated number
because many of the patients who have achieved
“pleurodesis” in these studies have done so after
receiving liver transplant.



Table 1
Indwelling pleural catheters in hepatic hydrothorax

Study/HH
Ones Study Design

Sample
Size

Palliative vs
Bridge to
Transplant

Patient-Centric
Outcomes Complications (%)

Pleurodesis
(%)/Time to
Pleurodesis

Chalhoub
et al,46

2011

Single-center
retrospective

8 Palliative 3.8 1 0.4/4
procedure
satisfaction
score

Exit site
infection (12.5%)

Not recorded/
73.6 � 9

(mean, SD)

Bhatnagar
et al,47

2014

Multicenter
retrospective

19 Palliative Not reported � Pleural
infection (5.3%)

� Renal failure
(5.3%)

� Loculation (5.3%)
� IPC dislodgement

(5.3%)

11%/median
of 222 d

Chen
et al,48

2016

Single-center
prospective

24 � Bridge to
transplant
(20%)

Not reported � Pleural infection
(16.7%)

33%/131.8 d
(range, 14–
287 d)

Kniese
et al,49

2018

Single-center
retrospective

62 � Bridge to
transplant
(53.2%)

Not reported � Overall (35%)
� Empyema (16%)
� Death due to

infection (5%)
� Cellulitis (2%)
� IPC dislodgement

(10%)

14.5%/118,
�139.6 d
(mean, SD)

Shojaee
et al,50

2018

Multicenter
rerrospective

79 � Palliative
(73%)

� Bridge to
transplant
(27%)

Not reported � Pleural infection
(10%)

� Death due to
infection (2.5%)

� Renal failure
(2.5%)

� Pleural fluid
leakage (5%)

� Seroma (6%)

28%/median
of 55 d
(range,
10–370)

Frost
et al,51

2020

Single-center
Retrospective

27 Palliative No additional
intervention
needed in
93% of total
population

37.3% (cellulitis,
IPC malfunction)

21%/etiology-
specific
time not
available

Li et al,52

2019
Single-center
retrospective

42 Palliative Not reported Pleural infection
(7.1%)

51%/median
of 115 d
(interquartile
range (IQR):
57–191 d)
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Future studies need to focus on the role of IPC in
patient-centric outcomes. In patients, who are liver
transplant candidates and require frequent thora-
centesis, multidisciplinary discussion is of para-
mount importance, and IPC should be only
considered after careful examination of other op-
tions and disclosure of high infection complication
rates and mortality to patients.53

Surgical management
Thoracoscopy, pleurodesis, and diaphragmatic

defect repair Chemical pleurodesis and talc
poudrage during video-assisted thoracoscopic sur-
gery (VATS) for management of HH have been re-
ported in case reports and small case series.
Pooled data from 20 case reports and 13 case se-
ries (180 patients) showed pleurodesis success rate
of 72% and pooled complication rate of 82%.
Report of recurrence or partial response was not
available due to varying follow-up intervals.54

Baseline disease severity assessed by Child–
Turcotte–Pugh (CTP) classification is an important
predictor of success. Patients with CTP C are
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shown to have a lower survival compared with
CTP B (22% vs 50%) in a series of 11 patients
with a median follow-up interval of 16 weeks.

Preoperative and postoperative optimization
has been used in a surgical therapeutic modality
known as the “4-step approach”:(1) pneumoperi-
toneum induction for localization of diaphragmatic
defects, (2) thoracoscopic pleurodesis, (3) postop-
erative continuous positive airway pressure
(CPAP), and (4) drainage of ascites for abdominal
decompression.55,56

Most retrospective case series in the literature
include a small number of patients sampled over
years to decades suggesting significant selection
bias. This may also suggest that in carefully exam-
ined cases after multidisciplinary discussion,
select patients benefit from surgical approaches
to refractory HH.

Diaphragmatic defect surgical closure is associ-
ated with high mortality and has shown success in
carefully selected population, primarily patients
with CTP A class who do not meet criteria for other
treatment options.9 This treatment could have a
high failure rate due to poor visualization of dia-
phragmatic defects (12%) during VATS.57

Liver transplant Liver transplantation is a defini-
tive treatment of choice for decompensated
cirrhosis. A referral for transplant evaluation
should be made for patients with HH who are not
already evaluated. Posttransplant outcomes are
comparable for patients with HH with patients
without HH.58

A retrospective study of 3487 patients with
cirrhosis and PE showed that the most important
determinant of the 3-year survival was liver trans-
plantation. One- to 3-year mortality was 21.7% in
patients who underwent liver transplantation
compared with 77.5% in the nonliver transplant
group.

Multidisciplinary discussion-based
management
The overall short- and long-term outcome of a pa-
tient with HH is directly related to their candidacy
for liver transplantation. Management of refractory
HHneedsmultidisciplinarydiscussionamonghepa-
tology, pulmonary, transplant surgery, and interven-
tional radiology. Despite the retrospective, single-
center nature of most existing studies in the man-
agement of HH and significant selection bias in
different therapeutic options, the literature has
consistently shown that someof thesemanagement
strategies carry significant morbidity and mortality.

Additionally, most of the studied palliative and
therapeutic interventions of HH have not examined
patient-centric outcomes. For these reasons, the
palliative benefit of interventions should be
balanced against potential risks and their down-
stream ramifications, such as exclusion from the
transplant list. These interventions should also
take into account patients’ MELD score, history
of prior hepatic encephalopathy, and numerous
other predictive factors of outcomes in various in-
terventions. As such, the care of a patient with
cirrhosis and HH is one that should be highly
personalized.

HEART FAILURE AND CARDIAC-INDUCED
EFFUSION

Congestive heart failure (CHF) is the most com-
mon cause of transudative PE with an estimated
500,000 cases reported annually in the United
States.59 An estimated 87% of patients presenting
with decompensated heart failure have PE on
presentation.60

Presence of refractory PE in the setting of
decompensated CHF has a 1-year mortality of
50%.61 Most common presentation of CHF-
induced PE is bilateral (70%), although unilateral
right-sided (21%) and left-sided (9%) effusion
can be seen.62

Pathophysiology

Primary mechanism for cardiac induced effusion is
fluid entry from the lung interstitium into the pleural
space.63 The buildup of hydrostatic pressure in
alveolar capillaries as a result of increased end
diastolic left ventricular and left atrial pressure
leads to increase in interstitial fluid. The fluid then
moves to the pleural space form interstitial space
due to pressure gradient. Additionally, due to
increased downstream venous pressure,
lymphatic flow is reduced and leads to fluid accu-
mulation. Additionally, increased left atrial pres-
sure or isolated right heart failure can result in
elevated systemic venous pressure and enhanced
fluid production and filtration from the parietal
pleura and decreased lymphatic drainage due to
pressure gradient.

Diagnostic Workup

CHF is the most common cause of bilateral PE.
When the clinical presentation is that of decom-
pensated heart failure, cardiomegaly, and bilateral
PE, a clinical diagnosis can be made without thor-
acentesis and fluid analysis. If there are clinical
suspicions of infection or presence of an underly-
ing malignancy, diagnostic thoracentesis may be
necessary.

A similar approach can be applied to unilateral
effusions in the absence of other suspicious
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etiologies and clinical presentation of heart failure
with N-Terminal Pro-B-Type Natriuretic Peptide
(NT-proBNP) levels greater than 1500 pg. In
response to ventricular distention, natriuretic pep-
tides are released, and serum levels of NT-proBNP
are greatly valuable in the diagnosis of CHF-
induced PE. A pleural fluid NT-proBNP level
greater than 1500 pg is shown to have a sensitivity
of 94% and specificity of 91%, for diagnosing
CHF-induced PE in a meta-analysis, although
serum levels of NT-proBNP were also comparable
with similar results.64 A serum NT-proBNP level
greater than 1500 pgml�1 is diagnostic of
cardiac-induced PE.65,66 However, unilateral effu-
sion with atypical features, such as large unilateral
effusions (occupying 2/3 of hemithorax) or pres-
ence of pleuritic chest pain or fever, warrants fluid
analysis including microbiology and cytology.
Although CHF is the most common cause of

transudative PE, many CHF-induced effusions in
patients treated with diuretics are pseudoexu-
dates by Light’s criteria. Serum albumin-PF
gradient greater than 1.2 g/dl or a serum pleural
fluid protein gradient of more than 3.1 g/dL can
recategorize these effusions as transudates.
When the patient continues to be symptomatic

despite optimization of medical therapy, therapeu-
tic thoracentesis is indicated for symptom
management.67

In summary, diagnosis of CHF-induced PE is
usually established clinically in bilateral effusions
and does not require pleural fluid analysis. Howev-
er, in select cases where infection or malignancy is
suspected, diagnostic and therapeutic thoracent-
esis should be performed.
Ultrasound examination of the pleural space is

helpful in diagnosis and typically shows an une-
choic nonseptated simple effusion.68
Management of Pleural Effusion Secondary to
Heart Failure

Management of excess fluid production
Medical management with focus on cardiac func-
tion optimization is the mainstay of therapy. Most
cardiac-induced PEs will resolve with diuresis. In
a prospective study of patients with decompen-
sated heart failure, optimization of cardiac function
with oxygen, digoxin, nitrates, sympathomimetic
agents, synthetic a natriuretic peptides, and di-
uretics lead to resolution of effusion in 89% of pa-
tients. Loop diuretics are mainstay of therapy,69 as
well as maintaining a negative sodium balance
with minimal activation of neurohormonal
pathways.
Unfortunately, 30% to 50% of patients with

decompensated heart failure become refractory
to medical therapy annually due to adverse events
such as renal failure and electrolyte imbalance, hy-
potension, and syncope.61

Thoracentesis
Thoracentesis is the primary method in the man-
agement of refractory cardiac-induced effusion.
Frequent thoracentesis may be necessary for
symptom management and can be complex due
to the combination of dual antiplatelets and antico-
agulation therapy in many patients with decom-
pensated heart failure. Although the risk of
pleural procedures on these medications has not
been specifically assessed in the population with
CHF, Dangers and colleagues70 noted that among
182 patient who were on antiplatelet therapy
compared with 942 who were not, the 24-h inci-
dence of bleeding was 3.23% (95% CI, 1.08%-
5.91%) in the antiplatelet group and 0.96% (95%
CI, 0.43%- .60%) in the control group. Bleeding
was significantly associated with antiplatelet ther-
apy in multivariate analysis (OR 5 4.13; 95% CI 5
1.01–17.03; P 5 .044).70 Frequent thoracentesis
can also be a significant burden and limit quality
of life. Although this has never been studied
directly, Greener and colleagues,71 studied factors
leading to palliative care consultation among inpa-
tients with advanced heart failure (HF) and found
that thoracentesis was the most significant factor
(OR 5 4.125, 95% CI 5 2.023–8.411) on multivari-
able analysis.

Indwelling pleural catheters
The use of IPCs for CHF-induced PE was first re-
ported in 200972 in a small case series (n5 5).Majid
and colleagues73 compared thoracoscopic talc
pleurodesis plus IPC versus IPC alone in CHF-
induced PE. All patients experienced symptomatic
palliation. Spontaneous pleurodesis occurred in
29% of the IPC group over a median of 66 days
as compared with 11.5 days in the talc poudrage
group, and all patients reported significant symp-
tomatic improvement. Catheter-related infection
was reported among 2 participants and was
treated with antibiotics alone without catheter
removal. In a propensity-matched study by
Freeman and colleagues, IPC was compared with
thoracoscopic pleurodesis. Patients with IPC had
a shorter hospital stay (2� 2 days,5<0.001), lower
operativemorbidity of 2.5%comparedwith 20% in
the thoracoscopic poudrage group, lower readmis-
sion rate, and lower mortality (0 vs 5%).
In a recent systematic review and meta-analysis

onmanagement of IPCs for non-MPEs, 325patients
from 13 studies were included. CHF-induced PE
was the most common cause (50%) of non-MPEs
requiring IPC placement. Spontaneous pleurodesis



Table 2
Indwelling pleural catheters in CHF-induced refractory effusion

Study/CHF
Ones Study Design

Sample
Size

Symptom Palliation/
Patient-Centric Outcomes Complications (%)

Pleurodesis (%)
and Time to
Pleurodesis

Herlihy et al,72

2009
Single-center

retrospective
case series

5 NYHA class improved
from IV to II

� Empyema: 40%
� Death due to

empyema (20%)

Not recorded/not
recorded

Chalhoub et al,46

2011
Single-center

retrospective
13 3.8 1 0.4/4 procedure

satisfaction score
None Not recorded/

113 1 36 d

Srour et al,76

2013
Single-center

prospective
43 Dyspnea index (BDI,

2.24; 95% CI, 1.53–2.94
vs TDI, 6.19; 95% CI,
5.56–6.82)

� Moderate to large
pneumothorax
(possibly ex vacuo)
(11.6%)

29%/66 d (IQR,
34–242 d)

Freeman et al,75

2014
Single-center

retrospective
propensity
matched (IPC vs
talc pleurodesis)

40 in
the IPC
group

Symptom palliation
in all patients

None 35%/mean of
150 d

Bhatnagar et al,47

2014
Multicenter

retrospective
9 Not reported � Acute renal

failure (11%)
44%/median

of 38 d

Majid et al,77

2016, group 1
Single-center

retrospective
(Talc
pleurodesis 1 IPC)

15 Immediate postprocedure
symptom relief in all
patients

� Cellulitis (13%)
� Periprocedural

hypotension (6%)

80%/median of
11.5 d (range,
2–22 d)

Majid et al,77

2016, group 2
Single-center

retrospective
(IPC alone)

28 Immediate post-procedure
symptom relief in all
patients

� 3.5% Empyema
� 3.5% CPPE
� 3.5% Cellulitis

25%/median of
66 d (range,
31–205 d)

Frost et al,51

2020
Single-center

retrospective
30 No additional intervention

needed in 93% of total
population

� 16.7% complication
(cellulitis,
IPC malfunction)

24%/etiology-
specific time
not available

Abbreviations: BDI, baseline dyspnea index; CHF, congestive heart failure; CPPE, complex parapneumonic effusion; d, day; TDI, traditional dyspnae index.
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was achieved in 42.1% (95%CI5 20.1%-64.1%) of
CHF-induced PEs. The median time to pleurodesis
ranged from 66 to 150 days.74

Although most reported studies to date are sin-
gle center, retrospective with potential selection
bias, these results suggest that IPC use in refrac-
tory CHF-induced PEs may lead to reduced length
of hospital stay and provide symptomatic pallia-
tion to patients who would otherwise undergo
frequent thoracenteses (Table 2).46,47,51,72,75–77

Pleurodesis
Literature on chemical pleurodesis in CHF-
induced PE is scant and often includes single-
center retrospective studies with heterogeneous
population of nonmalignant etiology. In a study
comparing IPC drainage (n 5 28) with thoraco-
scopic talc poudrage plus IPC (n 5 15) in patients
with CHF-induced PEs,73 the talc poudrage group
achieved 80% pleurodesis compared with 25% in
the IPC-only group. The median time to IPC
removal was 11.5 days (2–22 days). The potential
safety and efficacy of IPCs in this study is also
confirmed in a propensity-matched comparison
of IPC and thoracoscopic pleurodesis by Freeman
and colleagues.75 Patients were divided in 2
groups of 40, with New York heart Association
(NYHA) class III or IV HF with no significant differ-
ence in age, sex, and functional class. At 6-month
follow-up, there was no significant difference in
palliation. The patient who underwent pleurodesis
had a longer hospital stay of 6 � 4 days, 23%
readmission rate, and 5% mortality. An overall
morbidity of 20% was reported in the pleurodesis
group as compared with 2.5% in the IPC group
with complications including but not limited to res-
piratory insufficiency, pulmonary embolism, and
atrial fibrillation. Results of this study favored use
of IPC for palliation compared with thoracoscopic
pleurodesis. Prospective randomized trials with
focus on patient-centric outcomes comparing
chemical pleurodesis versus IPC in patients with
refractory CHF-induced PEs are required to further
assess their utility.

Prognosis
The presence of PEs in the setting of CHF does not
portend a poor outcome. Instead, a refractory PE
carries a poor prognosis because it indicates inad-
equate response to therapy in patients with decom-
pensated heart failure. In one study, PEs found
incidentally on routine transthoracic echocardiog-
raphy (TTE) had 1- and 5 year survival rates of
81% and 70%, respectively.78 In a study examining
the association between PE and 6-month mortality,
there was no association with mortality or hospital
readmission, with relative risk of 1.393 (95% CI 5
0.644–3.014).79 The effusions mentioned in these
studies however were small and did not require
thoracentesis.
In a prospective single-center study of patients

with non-MPEs by Walker and colleagues,61 1-
year mortality was as high as 50% [HR 5 0.61
(0.44–0.84); P 5 .02] in patients with CHF-
induced effusion (n 5 86), which is comparable
with 1-year mortality rate (46%) of patients with
acute decompensated heart failure admitted to
intensive coronary care units.80 Patients with HH
(n5 12) had 1-year mortality of 25% [Hazard Ratio
(HR) 5 0.23 (0.07–0.71); P 5 .011];72 however,
mortality is reported to be as high as 48% in
studies with larger population of HH.31
SUMMARY

Although HF-induced PE and HH are transudative
non-MPEs, they are markers of disease severity,
associated with significant morbidity and mortality
and carry a high symptomatic burden. A systemic
and multidisciplinary approach is often required
when these effusions become refractory to medi-
cal therapy. Treatment decisions depend on goals
of treatment and palliation and often need to be
highly personalized, particularly in patients with
ESLD who maybe future transplant candidates.
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Parapneumonic Effusion
and Empyema
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KEY POINTS

� Pleural infection is a spectrum of conditions. Simple parapneumonic effusion refers to pneumonia
associated with pleural effusion, whereas complicated parapneumonic effusion and empyema refer
to infection of the pleural space.

� The incidence of parapneumonic effusion and empyema is increasing and forms a significant health
care burden in terms of mortality and costs.

� The diagnosis of pleural infection must be made using clinical parameters and markers of infection
along with sampling of pleural fluid, with pleural fluid pH < 7.2 being the most accurate rapid
biomarker.

� Effective treatment of simple parapneumonic effusion can be achieved with antibiotics alone; how-
ever, complicated parapneumonic effusion and empyema require early drainage and broad-
spectrum antibiotic treatment

� For those that fail drainage and antibiotic treatment, the use of intrapleural tissue plasminogen acti-
vator and deoxyribonuclease is safe and effective, and may prevent the need for surgical interven-
tion.
INTRODUCTION hospital stay associated with these conditions
Pleural infection represents a common and often
life-threatening condition with an annual inci-
dence of 80,000 across the United Kingdom and
United States,1 reported 30-day mortality of up
to 10.5%,2 and 1-year mortality of more than
19%.3,4 More than half of the patients with pneu-
monia develop an associated pleural effusion,
with higher morbidity in all groups, including
those with “simple” parapneumonic effusions
and those with proven infection of the pleural
space (empyema or complicated parapneumonic
effusion [CPPE]).5 The clinical burden of para-
pneumonic effusion and empyema cannot be
quantified in terms of mortality alone, with a
recent systematic review finding the mean
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totaling 19 days, while arising in a frequently co-
morbid patient cohort.5 The costs associated
with admission are high, with annual estimates
from the United States totaling $500 million,1 a
figure that reflects the high levels of pharmaco-
logic and procedural care required to treat these
conditions, including pleural drainage, the
increasing use of intrapleural enzyme therapy
(IET) with combination tissue plasminogen acti-
vator and deoxyribonuclease, as well as surgery.

Although the understanding of microbiology in
pleural infection is growing, the cornerstone of
treatment remains prompt drainage and initiation
of antibiotic therapy, often empirically. Surgery re-
mains predominantly a rescue therapy, used when
fluid control and clinical response have not been
epartment of Respiratory Medicine, Churchill Hospi-
rd NIHR Biomedical Research Centre, John Radcliffe
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achieved by these methods; however, the debate
regarding early surgery versus medical treatment
has not been definitively answered, with ongoing
clinical trials looking to provide clarity.6 The cur-
rent strategies can often lead to the aforemen-
tioned lengthy hospital stays and prolonged
courses of antibiotic treatment.7 Further evidence
is required to optimize diagnostics and manage-
ment of parapneumonic effusion and empyema.
There has been notable progress in several

areas over recent years. The characterization of
the unique microbiology in pleural infection facili-
tates clearer guidance in empirical antimicrobial
treatment.8 The routine use of bedside ultrasound
in pleural diagnostics has improved the safety of
procedures9 and the specific computed tomogra-
phy (CT) imaging features of pleural infection are
increasingly recognized, which may further
improve early diagnosis and treatment.10 The use
of IET provides a valuable added treatment strat-
egy to the decades-old paradigm. This article re-
views the current evidence and recent progress
in the diagnosis, management, and outcome
data in parapneumonic effusion and empyema.
DEFINITIONS AND PATHOPHYSIOLOGY

This article refers frequently to simple parapneu-
monic effusion, CPPE and empyema. Although
this suggests distinct entities, in many patients,
there will be a continuous progression through
these phases. “Pleural infection” is a term used
to encompass CPPE and empyema, referring to
the likely presence of bacteria in the pleural
space.
Simple parapneumonic effusion is characterized

by pleural effusion associated with parenchymal
consolidation. Typically, pleural fluid will be free-
flowing on ultrasound, not accompanied by pleural
enhancement on CT and on aspiration will display
a pH>7.2 with negative microbiological culture.11 It
is often the result of undertreated pneumonia,
increased pleural membrane permeability second-
ary to inflammation, and fluid leak into the pleural
space. This is known as phase I (exudative).12

CPPE is associated with ongoing inflammation
of the pleura. The term “complicated” refers to
the need for drainage to achieve resolution, and
is often associated with bacterial invasion and
phagocytes within the pleural space, and the
development of fibrin stranding within the pleural
fluid. In clinical practice, the pleural fluid pH is
likely to be less than 7.2, LDH greater than 1000,
and may be culture positive, while ultrasound
may demonstrate septation or loculation. This is
referred to as phase II (fibrinopurulent), with reduc-
tion in fibrinolysis within the pleural space and
release of proinflammatory cytokines such as
TNF-a.13

Empyema is defined by frank pus in the pleural
space. It may be associated with either phase II
or phase III (organizing phase). The organizing
phase is associated with the possible presence
of discrete locules on imaging and enhancing
visceral pleura on CT. This corresponds with the
formation of visceral pleural fibrosis, and fibroblast
proliferation within the pleural space. Of note,
pleural thickening in this phase may be associated
with reduced drainage success and higher likeli-
hood of surgical intervention being required.14
DIAGNOSIS
Clinical Presentation

The classical description of nonresolving pneu-
monic symptoms such as cough, sputum produc-
tion, and fever, in conjunction with chest pain and
the examination findings of a pleural effusion are
among the more straightforward pointers to
pleural infection. The acuity and severity of these
symptoms will often direct a clinician to undertake
with urgency the necessary steps of initiating anti-
microbial cover and undertaking prompt drainage
of pleural fluid. Pleural infection in the cohort of pa-
tients with baseline frailty such as the elderly and
those with undiagnosed chronic aspiration can
be more challenging to establish. This cohort
may present with nonspecific constitutional symp-
toms such as anorexia and malaise with a more
insidious presentation.15 Clinicians must maintain
a high index of suspicion to diagnose pleural infec-
tion in this subsect of patients, in whom delay in
diagnosis is common and can lead to higher mor-
tality and requirement of surgical intervention.16

The overlap in symptoms can cause significant un-
certainty between infective and malignant pathol-
ogy, another potential cause of delayed treatment.
To this end, scoring systems to facilitate risk

stratification and prognosis have been of interest.
Of these, the RAPID score is the most robustly
studied, using age, urea, hospital-acquired infec-
tion, and nonpurulence of pleural fluid to predict
poor outcome at presentation.17 RAPID was
derived and validated using the MIST-1 and
MIST-2 trial cohorts, respectively. The results of
the prospective PILOT study (n 5 542) stratified
patients into low, medium, and high risk using
these parameters, with mortality at 3 months of
2.3%, 9.2%, and 29.3%, respectively.3 The valida-
tion of this risk score provides clinicians with an
important tool for early identification of patients
likely to experience poor outcomes. Targeting
pleural infection treatment based on RAPID cate-
gory is the next logical area for research.
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Imaging

The mainstays of imaging in pleural infection
remain plain chest radiography, ultrasound, and
contrast-enhanced CT. Findings from each are
described in Fig. 1. Plain chest radiographs are
readily available in emergency departments and
provide timely information on presence and vol-
ume of pleural fluid (see Fig. 1A), consolidation,
and occasionally the presence of lung abscess.
The presence of a pleural effusion should prompt
evaluation with ultrasound imaging, which facili-
tates more detailed assessment with respect to
etiology of effusion, and the potential requirement
for drainage.18 Ultrasound findings in transudates
or simple parapneumonic effusion will often
display anechoic fluid, with little or no septations
and freely floating lung.19 Echogenic fluid appear-
ances point to an inflammatory exudate, or frank
pus (see Fig. 1B). Septations indicate the pres-
ence of fibrin within the effusion and loculations
represent discrete collections of fluid that do not
communicate. The significance of septations in
Fig. 1. Imaging modalities demonstrating empyema. All im
ema. (A) Chest radiograph demonstrating right lower/mi
ultrasound image demonstrating echogenic effusion (wh
demonstrating right-sided empyema (white star) and p
arrow).
prognosticating patients with CPPE or empyema
is unclear, with data from the PILOT study sug-
gesting that the presence and number of septa-
tions did not impact upon 3-month mortality, but
did reduce the performance of the RAPID clinical
risk score.20 Loculations can predict drainage fail-
ure and individual locules can display different
biochemical features when sampled.21 In cases
of loculated pleural effusions, clinicians are
advised to make drainage decisions using all clin-
ical information rather than simply relying on the
pleural fluid pH or biochemistry from a single
locule.

There is a role for CT imaging in pleural infection
although timing and indication remain points of
discussion. The high sensitivity of contrast CT for
complicating pathologies, such as abscess, aber-
rant drain positioning, and bronchopleural fistula,
provides a clear role before IET, surgery, or in pa-
tients with worsening clinical parameters 48 hours
after drain placement. The high prevalence (in
more than 90% of patients with pleural infection)22
ages (A–C) from the same patient with proven empy-
d zone consolidation and pleural effusion. (B) Pleural
ite star) and septation (white arrow). (C) CT image
arietal pleural enhancement with thickening (white
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of parietal pleural enhancement and thickening in
pleural infection (see Fig. 1C) is well described
as the correlate of the inflammatory response of
the pleura to pleural infection and the presence
of a fibrin capsule.23 A role for CT scanning earlier
may therefore exist as a “rule out” test in patients
with suspected pleural sepsis in whom invasive
sampling may be contraindicated, such as those
on therapeutic anticoagulation. CT imaging with
contrast in the pleural venous phase (images
captured 20–60s postcontrast injection) provides
the optimal means for assessment.

Pleural Fluid Diagnostics

Although the history and basic imaging can alert
the clinician to the possibility of pleural infection,
the most reliable definitive step for differentiating
simple parapneumonic effusion and pleural infec-
tion is pleural fluid sampling for biochemistry and
microbiological culture.

Microbiology

Microbiological culture is paramount in establish-
ing a causative organism and determining anti-
biotic choice in the treatment of pleural infection.
Table 1 illustrates the most common organisms
identified by setting. The organisms implicated in
pneumonia and pleural infection differ, reflecting
the divergent host environment of the lung paren-
chyma versus the relatively hypoxic pleural
space.24 When considering empirical antibiotic
choice, it is important to note the variation in
microbiology by demographics, including country,
age, and community or health care setting.25,26 A
recent systematic review encompassing 10,241
patients is the largest to date on the bacteriology
of pleural infection. Overall, the most common or-
ganism isolated was Staphylococcus aureus, fol-
lowed by Viridans streptoccocus group, with
Table 1
Frequency of bacterial organisms isolated on pleural

Community-Acquired

Gram positive 65.1%

Gram negative 17.1%

Anaerobe 17.8%

Most common
specific organism
(descending order)

Viridans streptococci (S m
Streptococcus pneumonia
Staphylococcus aureus (M
Enterobacteria
Klebsiella
Pseudomonas
Klebsiella and Pseudomonas following these. Of
concern to clinicians should be that within S
aureus isolates, only 67% of community-
acquired and 42% of hospital-acquired infections
were methicillin sensitive. These findings re-
enforce the role of oropharyngeal flora harboring
organisms causative of pleural infection, with
pneumococci and viridans being common iso-
lates, although the mechanisms by which these
gain access to the pleura are not entirely clear.
Postulated mechanisms include hematogenous
spread in the context of poor dental hygiene and
recurrent aspiration.8

When considering community-acquired versus
hospital-acquired infection, the relative risk factors
of inpatients must be considered, with higher rates
of aspiration and hospital-acquired pneumonia.
Accordingly, the rates of gram-negative gut bacte-
ria are higher as is the proportion of methicillin-
resistant S aureus (MRSA).27

Further challenges arise when considering that
multiple bacterial isolates occur from almost
13% of cases, despite the relatively poor yield of
pleural fluid culture. This almost doubles in meta-
genomic studies using bacterial DNA
sequencing,28 emphasizing the need for broad
antimicrobial cover in pleural infection, even
when culture results are positive.

Increasing the Pickup Rate-Technical Factors

With microbiological yield from pleural fluid being
limited, consideration has been given to methods
to improve culture sensitivity. The simplest of
these is to use blood culture bottles for sampling,
which increases yield by 20% compared with
standard methods.29 Postulating the nature of
pleural fluid to be somewhat abrasive to bacterial
proliferation, the AUDIO study illustrated that
ultrasound-guided pleural biopsy at the time of
chest drain insertion was safe and effective in
fluid culture8

Hospital-Acquired

51.5%

37.5%

11%

illeri most common)
e
SSA > MRSA)

Staphylococcus aureus
(MRSA > MSSA)

Enterobacteria
Enterococci
Viridans streptococci
Pseudomonas
Klebsiella
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increasing culture positivity by 25% compared
with pleural fluid analysis alone.30 If borne out in
larger studies, the minimal extra equipment and
resources required to facilitate this means pleural
biopsy as a standard of care may be achievable
in many centers. Finally, the use of polymerase
chain reaction, targeting 16s ribosomal RNA and
subsequent sequencing, has been shown in pro-
spective analysis to increase sensitivity by 50%
compared with standard pleural fluid culture.31

Although impressive, barriers to widespread use
include high costs, and amplification of bacterial
isolates that are nonpathogenic, thus confounding
the clinical picture. As the availability grows, this is
an area to be explored further.

Biochemistry

Although positive microbiology is the gold stan-
dard in diagnosing CPPE or empyema and guiding
antimicrobial choice, pleural fluid culture often re-
quires days to establish and is negative in up to
40% of patients with pleural infection.26 Hence,
the use of pleural fluid biochemistry is valuable,
with point of care or rapid turnaround laboratory
testing available in most institutions. The presence
of frank pus is diagnostic for empyema and further
biochemical tests are not required. The primary
parameters used are that of pH less than 7.2,
glucose less than 2.2 mmol/L, and LDH greater
than 1000IU/L to determine inflammatory pleural
effusions, that direct treatment for pleural infec-
tion. Pleural fluid pH has proven to be the most
specific, despite being first described by Light
and colleagues in 1973.32 Data from our own insti-
tution has shown that a significant proportion of
patients with glucose less than 2.2 and LDH
greater than 1000 do so secondary to noninfective
diagnoses, the most common being malignancy
and connective tissue disease.33

The Future of Biomarkers in Pleural Infection

The integration into standard care of biomarkers in
both serum and pleural fluid has been relatively un-
changed over decades.7,32 With the growing use
of procalcitonin, the performance of this in diag-
nosing pleural infection was assessed in a pro-
spective clinical trial but disappointingly was
found to be equivalent to serum C-reactive protein
(CRP) and white cell count. One retrospective
study has suggested that pleural fluid CRP greater
than 100 can guide chest tube drainage34; howev-
er, prospective analysis is required. A recent
observational study suggests that pleural fluid sol-
uble urokinase plasminogen activator receptor has
a high predictive value for IET and surgery require-
ment, another area that requires further studies.35
CLINICS CARE POINTS DIAGNOSTICS

� A high index of suspicion is required to
promptly diagnose pleural infection

� Chest radiograph demonstrating a unilateral
pleural effusion in the context of infective or
constitutional symptoms should always follow
on to ultrasound assessment and diagnostic
sampling.

� Pleural fluid samples should be sent for cul-
ture and sensitivity along with biochemical
analysis.

� Pleural fluid pH less than 7.2 remains to date
the most accurate indication for drainage.

� The presence of locules on imaging of the
pleural space should lower the threshold for
chest tube insertion as different locules can
display varying characteristics, and render
normal biochemical parameters (eg, pH) less
meaningful.
TREATMENT STRATEGIES
Antibiotics

Prompt initiation of antibiotics is essential in the
management of pleural infection. In culture-
positive pleural infection (blood or pleural fluid),
targeted antibiotics are advised. In culture pending
or negative cases, empirical broad-spectrum anti-
microbial cover is indicated, according to local
prevalence and resistance profiles.8 In contrast
to the treatment of pneumonia, cover for legionella
and mycoplasma is not routinely required with
atypical organisms rarely causing pleural infec-
tion.26 Anaerobic cover can be achieved with
metronidazole or clindamycin.36 Gram-positive
and gram-negative organisms should be treated,
and penicillin-based antibiotics with a b-lactamase
inhibitor or a third-generation cephalosporin are
recommended.7,37 Treatment of MRSA has been
typically reserved for hospital-acquired infec-
tion;38 however, with the increase in incidence of
MRSA within community-associated cases, the
addition of vancomycin should be considered in
those not improving with standard antimicrobial
therapy.

Most antibiotics achieve adequate penetration
into the pleural space, with the notable exception
of aminoglycosides, which should be avoided in
pleural infection.39 An area lacking in good quality
evidence is the duration of antibiotic treatment
required, and current practice is based on treat-
ment paradigms in other deep-seated infections
such as lung abscess40 and small retrospective
studies. The authors would thus recommend a
minimum duration of 4 weeks of antimicrobial ther-
apy (including intravenous and oral routes). There
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is emerging data that indicate shorter durations
may be appropriate, with a small, underpowered
randomized trial of 55 patients indicating that
2 weeks of amoxicillin-clavulanate was noninferior
to 3 weeks in terms of symptom improvement and
preventing recurrence of infection.41 With the need
for antimicrobial stewardship ever-growing, larger
studies allowing modification of the current dogma
would be welcome.

Chest Drain Insertion and Management

Simple parapneumonic effusions often resolve
with antibiotics alone,7,42 and do not routinely
require drainage. Worsening clinical parameters
of sepsis, enlarging effusion or the development
of septations should prompt resampling of the
effusion to assess for progression to CPPE or em-
pyema. Early chest tube insertion is well estab-
lished as one of the cornerstones in effectively
treating CPPE and empyema with delayed inser-
tion leading to increased mortality.7,43 The seem-
ingly logical premise that a larger diameter tube
more readily allows drainage of viscous fluid has
not been supported by retrospective analysis of
a large randomized controlled trial (RCT) cohort
(MIST-1; n 5 405). Smaller bore tubes (<14 Fr)
do not appear to worsen outcomes in this patient
group, and importantly result in reduced pain and
improved comfort.44 The evidence for this is
corroborated by other retrospective case series
and the MIST-2 trial subanalysis showing no differ-
ence in treatment outcomes between small and
large bore chest tubes.10,45,46 Data do exist to
suggest that small bore tubes may block more
readily; however, this can be overcome by regular
saline flush.47,48 Ultimately, a prospective study,
specifically designed to answer the question of
drain size, is required.

Intrapleural Enzyme Therapy

Over the last decade, the role of IET has been rife
with interest, presenting a viable option to improve
drainage and outcomes in pleural infection. The
failure of drainage in CPPE and empyema can be
attributed to 2 predominating factors: the pres-
ence of fibrin septations and increased viscosity
due to dead leukocytes and bacterial biofilms. It
is perhaps not surprising therefore that the use of
intrapleural fibrinolytic monotherapy has not been
a success, despite its use dating back over
70 years.49 In what is to date the largest prospec-
tive RCT in pleural infection, the MIST-1 trial re-
ported that intrapleural streptokinase alone did
not improve mortality or rates of surgery in pleural
infection,50 the theory prevailing that streptokinase
targeted only the fibrin septations, without
addressing viscosity. Thus, the addition of deoxy-
ribonuclease (DNAse) came into focus. DNAse re-
duces viscosity by breaking down extracellular
uncoiled DNA from dead bacteria and
leukocytes.51

The MIST-2 trial included 210 patients, with the
arm that administered alteplase (tPA) in combina-
tion with DNAse, resulting in a significant improve-
ment in chest radiograph opacity (the primary
endpoint), duration of hospital stay, and need for
surgery versus control. In addition, this was asso-
ciated with a favorable safety profile, specifically a
low bleeding risk (3.8%), which has been borne out
in larger case series.10,52 Monotherapy with either
agent did not improve outcomes. Despite the
encouraging findings, the use of these agents as
part of routine care could not be recommended
immediately, with two-thirds of pleural infection
cases resolving with chest tube drainage and anti-
biotics alone50 and small numbers of patients
included in the tPA/DNAse arm (n5 52). Additional
studies corroborated the findings, with IET finding
a niche for the treatment of nondraining CPPE and
empyema and for those whom surgery is deemed
high risk.52,53

The issues of timing and dosage of IET still
remain a subject of debate, with international
guidelines not specifically addressing these
questions.7,37 To this end, Chadda and col-
leagues have formed a consensus statement
appraising the current evidence to date. This
statement notes that most of the patients
receiving appropriate antimicrobial cover, clinical
and radiological parameters should improve
within 24 hours of chest tube insertion. Following
the confirmation of loculated pleural collection or
lack of drainage, the authors recommend either
the use of IET or surgical referral, depending on
local expertise and accessibility of minimally
invasive surgical techniques. They concluded
that IET could be used either initially (at the time
of drain insertion) or as subsequent therapy (>24
postdrain insertion).54 The recommended dosing
regime is 10 mg alteplase sequentially with
5 mg DNAse twice per day, with insufficient evi-
dence to recommend alternative dosing. Work
in this area has been explored in small numbers,
of particular interest a 5 mg alteplase regime
showing promising safety and efficacy.55 In an
increasingly elderly, comorbid population,5

reduced dose fibrinolytics are an appealing pros-
pect for use in patients requiring therapeutic anti-
coagulation, but safety in this specific subgroup
warrants further evaluation.56

The issue of costs associated with IET must be
addressed, rendering it inaccessible in some
health care settings and limiting use in others.



Parapneumonic Effusion and Empyema 643
The cost of a 3-day regime of tPA and DNAse is
estimated to be £738 (medication costs only)57,58

in the United Kingdom and $7000 in the United
States.54 Once recent US-based study estimated
IET and surgical decortication to be almost equiv-
alent in terms of cost,59 and the consensus state-
ment notes that cost should not be a deciding
factor in IET versus surgery. The balance between
IET and surgery is likely to vary immensely be-
tween countries.
Surgery

The role of surgery in patients with empyema is well
established, providing a valuable treatment modal-
ity to remove infected material from the pleural
space, and decortication of visceral “rind” to facili-
tate re-expansion of the lung. This can be done via
a video-assisted thoracoscopy (VATS) or a more
invasive open thoracotomy. Although the safety
profile of VATS and duration of admission (5 vs
8 days) is favorable,60 mortality rates remain up to
6%, with conversion to open surgery in stage 3 em-
pyema up to 59%.61 The technical challenges of
VATS in this cohort are in establishing adequate ac-
cess to the pleural space through dense adhesions
and achieving adequate decortication.

The question of timing of thoracic surgery is far
from straightforward, with delays in surgical inter-
vention consistently predicting conversion to
open thoracotomy.61,62 Although this would
appear to add credence to the concept of early
surgery, the few clinical trials in this area have
been low in numbers, seen higher tube failure
rates than medical studies, and included lower
median age demographics than comparative
medical studies.63,64 A recent Cochrane review,
while finding comparable mortality in surgical
and nonsurgical groups, does not sufficiently
answer the question, including 6 (of 8 total) pedi-
atric trials. These studies do not also account for
the latest developments in IET. As such we are
left with current guidelines advocating for a surgi-
cal approach in those with failure of chest tube
drainage, antibiotics, and IET, and patients not
suitable for single lung ventilation or general
anesthetic.7,54 There is the prospect of promising
further work in this area, with the currently recruit-
ing MIST-3 RCT assessing the feasibility of pitting
standard care versus early IET versus early surgi-
cal referral in empyema against one another
(ISRCTN18192121).6 Ultimately, a more nuanced
approach may form the “middle ground” in the
medical versus surgical debate in empyema,
with use of risk scores such as RAPID stratifying
those who should be considered for early
surgery.
Fig. 2 illustrates a suggested algorithm for the
management of parapneumonic effusion and
empyema.

CLINICS CARE POINTS

� Prompt drainage and antibiotics should be
initiated in all patients with CPPE or empyema

� Empirical antibiotics are often needed and
broad-spectrum cover is required

� IET is safe and effective and can be used to
improve drainage, for now as a “surgery
sparing” option pending further evidence

� Approximately 2 in 3 patients will respond to
“standard care” with chest tube drainage
and antibiotics

� There is insufficient evidence to support sur-
gery at the point of diagnosis in pleural
infection
Alternative Treatments and Future Strategies

Treatment modalities have been explored outside
of those discussed earlier. The use of pleural irriga-
tion was demonstrated in the randomized Pleural
Irrigation Trial, assessing outcomes with standard
medical care versus standard care plus saline irri-
gation with 250 mL saline 3 times per day (n5 35).
The number of patients referred for surgery was
significantly lower in the irrigation arm, with
improvement in pleural fluid volume compared
with controls.65 Despite small numbers, and a
lack of blinding, this is a promising result because
of the low-risk nature of saline irrigation, and war-
rants further assessment in a large multicenter
cohort.

Local anesthetic thoracoscopy (LAT) is an inter-
vention with limited data in pleural infection.
Although providing obvious utility in clearing sep-
tations, it is less well equipped to deal with visceral
or pleural thickening where decortication is
required. One recent trial has suggested early
LAT to be safe and potentially effective, albeit
with small numbers (n 5 32) and a primary
outcome of hospital stay postintervention.66 In
the earlier stage empyema, drainage and IET pro-
vide less invasive options, leaving the timing and
utility of LAT in the clinical pathway requiring
larger-scale trials to define. We would thus
conclude that there is currently insufficient data
to justify first-line use of medical thoracoscopy
for pleural infection treatment outside very
selected patients.

Intrapleural antibiotics have been raised as a po-
tential mechanism of “direct delivery” to the pleural
space. Although retrospective literature does exist
to suggest benefit in postpneumonectomy



Fig. 2. Suggested treatment algorithm for the management of pleural infection. BPF, bronchopleural fistula; CT,
computed tomography; CXR, chest radiograph; IET, intrapleural enzyme therapy; MCS, microscopy, culture, and
sensitivity; VTE, venous thromboembolism; US, ultrasound; * denotes optional investigations to improve
diagnostics.
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empyema,67 the potential for treatment of nonoper-
ative pleural infection is limited to animal studies
and case reports.
SUMMARY

Parapneumonic effusion and empyema are
increasingly common entities, associated with
high health care costs and morbidity. The out-
comes for pleural infection remain poor and treat-
ment currently remains based around modalities
that have been in use for many years. The focus
areas for progress must involve early diagnosis
and tailoring treatment in a “personalized” way to
each patient. With this in mind, there are promising
signs on the horizon, with molecular techniques to
aid identification of causative organisms and an
expanding search for improved biomarkers. The
more widespread availability of pleural specialist
services, allowing early intervention, clarity
emerging on IET and trials to establish answers
to often posed questions regarding the timing of
surgery and IET will guide the management of
pleural infection in the years to come.
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KEY POINTS

� Tuberculosis (TB) is a common cause of pleural effusions throughout the world. The incidence in
any geographic region is related to the background TB incidence, and the proportion of people
living with human immunodeficiency virus.

� TB pleural effusions arise because of an effusive T-helper cell type 1 inflammatory response to
Mycobacterium tuberculosis antigen in the pleural space, which upsets the balance of Starling
forces that determine pleural fluid formation/resorption.

� TB effusions are paucibacillary, so usual tests for mycobacteriologic confirmation have low yields.
The best yield is obtained through culture of tissue obtained at thoracoscopy, which is not univer-
sally available. Histopathological yield is high on pleural biopsy by all methods.

� Polymerase chain reaction-based tests are highly specific to TB but have relatively poor sensitivity
in pleural fluid and pleural tissue. The main benefits of using these tests include their rapidity, and
the opportunity to confirm drug sensitivity.

� Surrogate biomarkers of TB infection perform well in the diagnosis of pleural TB, most notably
adenosine deaminase and interferon-g.

� All TB effusions should be treated. The current recommended regimen is 6 months of isoniazid and
rifampicin with 2 months of ethambutol and pyrazinamide. Routine administration of corticosteroids
is not recommended.

� Loculated effusions should be drained. The addition of intrapleural fibrinolytics may be helpful.

� Surgery is often indicated for the management of TB empyema and its long-term consequences.
INTRODUCTION

Tuberculosis (TB) is the leading cause of death
from a single infectious agent worldwide.1 Despite
TB being both preventable and curable, an esti-
mated 10 million people fell ill with TB in 2019,
and approximately 1.4 million people died of this
disease.2 TB is a disease of poverty and vulnera-
bility, disproportionately affecting low- and
middle-income countries. Although pulmonary
TB is the commonest manifestation, up to 25%
of patients initially present with the
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extrapulmonary forms, of which lymphadenitis
and pleural TB are the commonest, and this pro-
portion is likely to be even higher in regions where
human immunodeficiency virus (HIV) coinfection is
prevalent.3,4 Pleural TB is usually self-limiting,
often difficult to diagnose, but should not be
neglected. Two-thirds of people with simple TB
pleuritis will progress to pulmonary TB within
2 years if left untreated.5,6 A small proportion of
people will develop severe complications, such
as TB empyema, bronchopleural fistulas, and
long-term functional impairment. The optimal
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regimen for the treatment of pleural TB is still un-
certain, as are the indications for surgical interven-
tion. This article reviews the current state of
practice in the evolving field of pleural TB.

EPIDEMIOLOGY
The Global Burden of Pleural Tuberculosis

The true burden of pleural TB is difficult to quantify,
as often the diagnosis is made on grounds other
than definitive bacteriologic confirmation, and
notification systems may not differentiate between
sites of extrapulmonary TB infection.4,7 Of the 7.1
million incident cases of TB that were notified
worldwide in 2019, 16% were extrapulmonary,
with the highest rate of 24% reported in the World
Health Organization (WHO) Eastern Mediterranean
Region.2 Africa, which has the highest rate of HIV
coinfection, reported a rate of 15% extrapulmo-
nary TB.2 In the United States, between 3% and
5% of all TB cases are pleural TB.7,8 Reports
from South Africa indicate a higher rate of between
7% and 10% for pleural TB.9,10 Spain has previ-
ously reported that 10% of TB cases are pleural
TB.3 In an older report from a high TB incidence
area of Spain, 25% of all pleural effusions were
due to TB.11

Human Immunodeficiency Virus Coinfection

People living with HIV (PLHIV) are a distinct sub-
population with a higher risk of developing TB dis-
ease, of developing extrapulmonary forms of TB,
and of dying of TB.2 Between 40% and 50% of
all TB cases in PLHIV are extrapulmonary, and in
regions with particularly high background TB prev-
alence, the rate of extrapulmonary TB may be as
high as 70%.12 In South Africa, pleural TB makes
up between 30% and 56% of all cases of extrap-
ulmonary TB in PLHIV, and is, unsurprisingly, the
most common cause of an exudative pleural effu-
sion in the area.13–15

Drug-Resistant Tuberculosis

Drug-resistant TB (DR-TB) continues to present a
major public health threat in many regions of the
world. However, reliable data on the rate of DR-
TB pleural effusions are sparse. Until recently,
drug sensitivity of a TB pleural effusion was
inferred from response to treatment, an approach
that does not take into account that the natural his-
tory of TB effusions is spontaneous resolution.16 In
addition, because of the inherently paucibacillary
nature of the disease, most cases of pleural TB
do not receive bacteriologic confirmation and
therefore drug-sensitivity testing. Existing data
suggest that rates of DR-TB pleural effusions are
similar pulmonary DR-TB. In the United States,
approximately 6% of all patients with pleural TB
between 1993 and 2003 had isolates resistant to
Isoniazid (H), and 9.9% were resistant to at least
1 first-line drug, compared with 7.8% and 11.9%
for pulmonary TB, respectively.7 Only 1% was
multidrug resistant (MDR).7 In 1 center in Taiwan
between 2001 and 2008, 10% of isolates was
resistant to any anti-TB drug, and 2% was
MDR.17 In Greece between 2003 and 2011, 11%
of isolates was resistant to any drug, and 3%
was MDR.18 In 1 center in South Korea between
2008 and 2012, 10% was resistant to any anti-
TB drug and 2.7% was resistant to any MDR. In
Lahore, Pakistan, between April 2016 and August
2017, 9.4% of new pleural TB cases was resistant
to H, and 3.2% was resistant to MDR.19 In Beijing,
2.4% demonstrated Rifampicin (R) resistance.20

PATHOPHYSIOLOGY
Pleural Immune Response to Mycobacterium
tuberculosis

M tuberculosis (Mtb) gains entry to the pleural
space by the rupture of a subpleural caseous
focus through the visceral pleura.21 The paren-
chymal focus may be small and rapidly cleared
by the pulmonary immune response, leaving only
the pleural sequelae, or a larger focus of active
pulmonary TB, as is often the case with reactiva-
tion disease.22 Pleural mesothelial cells likely
modulate the initial inflammatory response to
Mtb antigen, secreting chemokines, cytokines,
and other proinflammatory mediators, which result
in an influx of inflammatory cells.23 From animal
studies with intrapleural instillation of bacillus
Calmette-Guerin, it is thought that within the first
24 hours after infection, the predominant cell
type in pleural fluid is neutrophils, followed by a
large influx of macrophages.24 A prolonged lym-
phocytic phase follows, characterized by high
levels of T-helper cell type 1 (Th1) cytokines,
including interferon gamma (IFN-Ƴ), IFN-Ƴ-induc-
ible protein of 1 kDa, transforming growth factor-b,
and tumor necrosis factor (TNF).25–27 This
response is highly compartmentalized and likely
very effective at the containment and eradication
of Mtb from the pleural space.28,29

Development of an Effusion

Biopsy studies have suggested that the pleura
proceeds through several phases after infection
with Mtb: serofibrinous pleuritis; patchy granula-
tion tissue with predominantly nonnecrotizing
granulomas; and finally, confluent granulation tis-
sue with necrotizing granulomas.30 Healing and
clearance of the infection may occur at any stage
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or progress to empyema. In the serofibrinous
pleuritis phase, the integrity of the capillary endo-
thelial cell barrier is compromised by the inflam-
matory process, and pleural fluid formation
accelerates because of loss of resistance.31 The
delicate balance of Starling forces, which usually
maintain pleural fluid formation and resorption, is
further deranged by the presence of inflammatory
proteins in the pleural fluid, increasing the fluid
oncotic pressure, and drawing fluid into the
space.32 As a result, the rate of formation exceeds
resorption. When granulation tissue begins to form
on the pleural surface, the lymphatic stomata,
which are responsible for draining pleural fluid
into the lymphatics, become occluded, and the
effusion accumulates further.4,32
Delayed Hypersensitivity, True Pleural
Infection, or Both?

How much of a TB effusion is attributable to true
pleural infection with Mtb, and how much is
because of a perpetuation of the immune
response to its antigens is debatable. Leibowitz
and colleagues33 observed that the instillation of
Mtb antigen into the pleural space of guinea pigs
sensitized to purified protein derivative caused
an effusion to develop, but that this response
was suppressed by antilymphocyte serum. This,
along with the historically poor yield of tests to
identify Mtb in the pleural fluid, the Th-1 lympho-
cyte predominance (with accompanying cyto-
kines) in the pleural fluid, and the spontaneous
recovery of most cases of TB effusion, would
argue for a Th1-mediated hypersensitivity reaction
over ongoing infection. However, new technolo-
gies that allow us to culture Mtb in up to 70% of ef-
fusions, challenge this dogma. Nonetheless, it is
clear that TB effusions have very few organisms,
even in the presence of ongoing pleural infection.
Fig. 1. A moderate left-sided free-flowing pleural
effusion from proven pleural TB.
CLINICAL FEATURES
Presentation

Pleural TB should be considered in the differential
diagnosis of any unilateral pleural effusion.22,32 It
can affect people of any age, both as a manifesta-
tion of primary infection and as reactivation of
latent TB.4 It is typically an acute to subacute
illness characterized by fever, ipsilateral pleuritic
chest pain, and nonproductive cough.34,35 The pa-
tient may have other symptoms, such as dyspnea,
night sweats, or weight loss, and occasionally, pa-
tients are completely asymptomatic.7 PLHIV who
have a low CD4 count may be older than the
average pleural TB patient and have a longer-
duration illness.36 PLHIV are more likely to have
additional evidence of disseminated TB on
presentation.37

Imaging

On chest radiograph (Fig. 1), TB pleural effusions
are most commonly unilateral and moderate in
size (occupying one-third to two-thirds of the hem-
ithorax).38,39 However, bilateral effusions and effu-
sions that occupy more than two-thirds of the
hemithorax do occur.38,40 Approximately 20% to
50% of cases will have associated parenchymal
infiltrates visible on chest radiograph (Fig. 2), often
only appreciable after drainage of the effusion.34,41

Computed tomography (CT) chest scan reveals
associated subpleural, peribronchovascular, and/
or centrilobular micronodules, interlobular septal
thickening, consolidation, or, more rarely, cavita-
tion, in up to 86% of cases of pleural TB
(Fig. 3).42,43 Changes typical of TB, especially
those suggesting lymphatic spread of infection,
may have value in distinguishing pleural TB from
other infections.44 During active infection, both
the visceral and the parietal pleura are uniformly
thickened, often involving the mediastinal pleural
surface.45 With chronic or healed disease, the
pleura may appear thickened and calcified and
may be associated with a contracted hemithorax
(Fig. 4). Thoracic ultrasound findings in pleural
TB, which can range between the typical free flow-
ing anechoic effusion, an echogenic effusion, or a
complex septated effusion (Fig. 5), are nonspecific
but valuable in both guiding interventions and
identifying features that might suggest alternate
diagnoses, such as malignant pleural deposits.46



Fig. 2. Patient with right-sided pleural TB had evi-
dence ipsilateral fibrocavitatory parenchymal (arrow).

Fig. 4. A chest radiograph of a patient who devel-
oped a right-sided fibrothorax with restrictive impair-
ment following apparent uncomplicated pleural TB.

Shaw & Koegelenberg652
The utility of other imaging modalities, such as 18F-
fluorodeoxyglucose (FDG)-–PET/CT (Fig. 6) and
MRI, is still under investigation, and in many set-
tings, the cost of these investigations is
prohibitive.
General Pleural Fluid Analysis

The typical TB effusion is a straw-colored exudate
with a high lactate dehydrogenase (LDH), high pro-
tein content, and lymphocyte proportion of more
than 50% with a lymphocyte/neutrophil ratio
greater than 0.75.4 If aspiration is performed early
enough in the course of the disease, the predom-
inant cell type is likely to be neutrophils rather than
lymphocytes. Similarly, neutrophils are likely to
predominate in effusions that complicate,
becoming septated or even developing into frank
Fig. 3. A CT scan showing a right-sided pleural effu-
sion (confirmed to be secondary to pleural TB) as
well as parenchymal involvement (*) with airspace
disease.
empyema.47 The pleural fluid glucose is not mark-
edly reduced compared with serum, and the pH is
usually greater than 7.3.4 The combination of low
glucose, low pH, and neutrophil predominance
suggests chronic active infection, even in the
absence of frank pus.48 A significant proportion
of mesothelial cells or eosinophils in the pleural
fluid is an unusual finding, but monocytes are often
present in high numbers.
DIAGNOSIS
Tests for Mycobacterium tuberculosis

The key difficulty in the diagnosis of TB pleural
effusion is the lack of sensitivity of the usual tests
to detect Mtb. Table 1 presents the reported
yields for smear microscopy and culture for pleural
TB. Table 2 presents the yields of polymerase
chain reaction (PCR)-based techniques for pleural
TB.
Fig. 5. A low-frequency ultrasound image obtained
from a patient with TB empyema who developed a
complex nonseptated effusion.



Fig. 6. A PET/CT scan obtained from a patient with active pulmonary and pleural TB. The top row shows the CT
images in axial, sagittal, and coronal planes, respectively, with a right-sided pleural effusion (E) associated with
apical cavitation (C). The middle row shows the PET images of the same slices in axial, sagittal, and coronal planes,
respectively, demonstrating the circumferential uptake of 18F-FDG by the inflamed visceral and parietal (arrow)
pleura (and pleura lining the interlobar fissure) as well as the rim of the cavity in the parenchyma. The bottom
row shows the fused PET/CT images, which combine the anatomic and metabolic features.
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Bacteriologic confirmation of infection with Mtb
has historically been uncommon in pleural fluid
except in complex, purulent effusions (neutrophil
predominant),47,54,57,67 and in PLHIV, who also
have a higher yield of sputum culture in pleural
TB.51,56,58 Liquid or broth culture media, such as
BACTEC-MGIT semiautomated system (Becton-
Dickinson, Franklin Lakes, NJ, USA), have a higher
yield than solid culture media, such as
Lowenstein-Jensen medium, in most studies
where there was direct comparison.51,54,68 Most
TB pleural effusions are paucibacillary and there-
fore will not meet the threshold w10,000 organ-
isms per milliliter needed to be visible on smear
microscopy, which is still the most readily avail-
able test for Mtb in most settings. Culture has a
far lower limit of detection but is constrained by
the time it takes to get a result, which ranges
from 2 to 6 weeks depending on the medium.
PCR-based techniques, such as Xpert MTB/RIF
(Cepheid, Sunnyvale, CA, USA), are rapid and
can detect as few asw100 organisms per milliliter.
Xpert MTB/RIF on pleural fluid has been shown in
numerous studies and meta-analyses to be only
slightly inferior to liquid culture, but on the whole,
disappointing.61–63,65 The Xpert Ultra cartridge
has improved sensitivity over Xpert MTB/RIF in
the diagnosis of pulmonary TB (with a level of
detection as low as w20 organisms per milliliter),
but there is no definitive evidence yet that it adds
to the diagnosis of pleural TB.20,69,70 PCR tech-
niques tend to be expensive and are far from uni-
versally available, but have the added benefit of
detecting R resistance. They should be strongly
considered for use on pleural fluid specimens in
regions with a high prevalence of DR-TB, despite
their low yield. It is worth noting that although the
sensitivity is low, the specificity for all tests detect-
ing Mtb directly remains high. The value of sputum
testing in pleural TB should not be underesti-
mated, as most patients have concomitant pulmo-
nary parenchymal TB even if not visible on chest
radiograph.
Pleural Fluid Biomarkers

There have been many pleural fluid biomarkers
assessed for diagnostic utility in TB effusions
over the years, but the most well studied are aden-
osine deaminase (ADA) and IFN-Ƴ. Both these bio-
markers have a high diagnostic accuracy in the
appropriate setting, and evidence supports using
either as a surrogate for Mtb detection in light of
the difficulty obtaining definitive



Table 1
The diagnostic yield (% positive) of tests for Mycobacterium tuberculosis in pleural tuberculosis

Reference

Pleural
Fluid Smear
Microscopy

Pleural Fluid Culture
Pleural
Tissue
Culture

Sputum
culture

Solid
Medium

Liquid
Medium

Combined or
Not Specified

HIV-negative or not specified

Chan, 199149 0 23.0

Maartens, 199150 47.0 71.0

Seibert, 199141 58.0 66.7 50.0

Valdes, 199839 5.5 36.6 56.4 100.0

Heyderman, 199836 0 33.0 0

Luzze, 200151 12.0 24.0 56.0 15.0

Diacon, 200314 7.0 48.0 (CPB)
76.0 (T)

7.0

Conde, 200352 1.0 10.0 59.0 48.0a

Koegelenberg, 201053 0 25.8 63.6

Ruan, 201254 63.0 39.0 55.0

Von Groote-Bidlingmaier,
201355

60.3

Marjani, 201656 29.5 38.6

Ko, 201757 0 31.5 33.3

Bielsa, 201958 3.0 18.0 29.0

Wang, 201920 1.4 26.4

PLHIV

Heyderman, 199836 18.0 42.0 13.0

Luzze, 200151 43.0 75.0 81.0 27.0

Conde, 200352 8.0 15.0 77.0 77.0a

Marjani, 201656 63.0 57.1

Abbreviations: CPB, tissue obtained by closed pleural biopsy; T, tissue obtained by thoracoscopy.
a Specifically induced sputum.
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mycobacteriologic confirmation. Table 3 outlines
the diagnostic accuracy of the major biomarkers
for pleural TB.

Adenosine deaminase
ADA is a purine degrading enzyme with 2 isoforms:
ADA1, which is an ubiquitous enzyme found most
often in lymphocytes, monocytes, and neutrophils;
and ADA2, which is more specific to monocytes
and macrophages and is the dominant isoform in
TB effusions.68 It is detected by a low-cost colori-
metric test (usually by the Guisti method). ADA will
also be elevated in complex parapneumonic effu-
sions, bacterial empyema, lymphoma, rheumatoid
arthritis–related effusions, and pleural malignancy,
among other conditions, although most of these
tend to be ADA1- and neutrophil-predominant. In
some regions of the world with a high background
of TB prevalence, an elevated ADA (cutoff values
vary, but commonly range between 30 and 50 U/
L) in a lymphocyte predominant (or a lympho-
cyte/neutrophil ratio >0.75), pleural exudate is suf-
ficient evidence to initiate anti-TB treatment, and it
is generally not necessary to distinguish between
isoenzymes.91,92 Regions with a low TB preva-
lence may safely use an ADA less than 30 U/L as
a rule-out test for pleural TB in light of its reported
negative predictive value (NPV) of 98.9% to 99.7%
and sensitivity of 93% to 96.3% in this setting.93,94

Recently, the utility of the LDH/ADA ratio has been
described in both high and low TB prevalence re-
gions, with the benefit of not requiring a cell differ-
ential count for interpretation. Blakiston and
colleagues94 showed that in a low TB prevalence
region, an LDH/ADA ratio of less than 15 had a
sensitivity, specificity, positive predictive value
(PPV), and NPV of 89.1%, 84.8%, 17.3%, and
99.5%, respectively. Wang and colleagues95

found that a ratio of less than 16.2 discriminated
between TB effusion and malignancy with a high



Table 2
Meta-analyses of accuracy of polymerase chain reaction–based tests for the diagnosis of pleural
tuberculosis

Reference
Studies
(n)

Patients
(n)

Sample
Type PCR Method

Sensitivity
(%, 95%CI)

Specificity
(%, 95%CI)

Pai, 200459 14 1513 Pleural
fluid

Commercial tests 62.0 (43.0–77.0) 98.0 (96.0–98.0)

26 1472 Pleural
fluid

In-house PCR 71.0 (63.0–78.0) 93.0 (88.0–96.0)

Dinnes, 200760 6 NS Pleural
fluid

Commercial tests 62.0 97.0

14 NS Pleural
fluid

In-house PCR 76.5 91.0

WHO, 201361 17 1385 Pleural
fluid

Xpert MTB/RIF
Culture reference
standard:

Composite reference
standard:

43.7 (24.8–64.7)

17.0 (7.5–34.2)

98.1 (95.3–99.2)

99.9 (93.7–100)

Denkinger,
201462

14
6

841
598

Pleural
fluid

Xpert MTB/RIF
Culture reference
standard:

Composite reference
standard:

46.4 (26.3–67.8)

21.4 (8.8–33.9)

99.1 (95.2–99.8)

100 (99.4–100)

Penz, 201563 13 1014 Pleural
fluid

Xpert MTB/RIF 37.0 (26.0–50.0) 98.0 (95.0–99.0)

Seghal, 201664 21
10

2167
937

Pleural
fluid

Xpert MTB/RIF
Culture reference
standard:

Composite reference
standard:

51.4 (43.3–59.7)

22.7 (12.8–36.9)

98.6 (97.1–99.6)

99.8 (97.2–99.9)

Kohli, 201865 30
5

4097
405

Pleural
fluid

Xpert MTB/RIF
Culture reference
standard:

Composite reference
standard:

50.9 (39.7–62.8)

18.4 (9.9–30.7)

99.2 (98.2–99.5)

98.2 (94.8–99.5)

4 207 Pleural
tissue

Xpert MTB/RIF 30.5 (3.5–77.8) 97.4 (92.1–99.3)

Kohli, 202166 25
10

3065
1024

Pleural
fluid

Xpert MTB/RIF
Culture reference
standard:

Composite reference
standard:

49.5 (39.8–59.9)

18.9 (11.5–27.9)

98.9 (97.6–99.7)

98.9 (97.6–99.7)

4
1

207
55

Pleural
tissue

Xpert MTB/RIF
Culture reference
standard:

Composite reference
standard:

0–85.0a

0a

97.0–100a

98.0a

4
2

398
263

Pleural
fluid

Xpert ULTRA
Culture reference
standard:

Composite reference
standard:

75.0 (58.0–86.4)

61.0 and 38.0a

87.0 (63.1–97.9)

96.0 and 99.0a

Xpert MTB/RIF and Xpert ULTRA, both performed on the GeneXpert platform from Cepheid (Sunnyvale).
Abbreviations: 95% CI, 95% confidence interval; NS, not specified.
a Meta-analysis not performed.
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Table 3
The diagnostic accuracy of selected pleural fluid biomarkers for the diagnosis of pleural tuberculosis

Biomarker Sensitivity (%) Specificity (%) AUC Referencesa

ADA 86.0–93.0 88.0–93.0 0.93–0.97 Goto, 200371

Greco, 200372

Liang, 200873

Morisson, 200874

Gui, 201475

Aggarwal, 201676

Aggarwal, 201977

Palma, 201978

IFN-ƳƳ 87.0–89.0 97.0 0.99 Greco, 200372

Jiang, 200779

IGRAs 75.0–94.0 79.0–90.0 0.88–0.96 Zhou, 201180

Pang, 201581

Zhou, 201582

Aggarwal, 201583

Li, 201584

IL-27 92.0–94.0 90.0–97.0 0.95–0.98 Li, 201785

Zeng, 201786

Wang, 201887

Liu, 201888

TNF-a 85.0 80.0 0.89 Li, 201689

IP-10 84.0 90.0 0.90 Tong, 201790

Abbreviations: AUC, area under the receiver-operating-curve; IP-10, interferon-g-inducible protein of 10 kDa.
a All references are meta-analyses. Note, these meta-analyses are complicated by the different cutoff points, and the

different background TB prevalence in the component studies.
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degree of accuracy. In the authors’ study of 228
patients suspected of having pleural TB, an LDH/
ADA ratio less than 12.5 had a sensitivity, speci-
ficity, PPV, and NPV of 86%, 88%, 94%, and
72%, respectively.96 An LDH/ADA ratio less than
10 outperformed an ADA �40 U/L alone, but the
test with the highest diagnostic accuracy
remained the combination of an ADA �40 with a
lymphocyte-predominant effusion.96

Unstimulated interferon-gamma
Pleural fluid IFN-Ƴ, a cytokine released by acti-
vated macrophages and T lymphocytes, has
consistently shown high diagnostic accuracy for
pleural TB, but its use is limited at present by the
lack of a well-defined cutoff value. These IFN-Ƴ
assays are laboratory-based enzyme-linked
immunosorbent assays. Recently, Antrum Biotech
(South Africa) developed the InterGam Rapid
Immuno Suspension Assay (IRISA-TB), which
has a reported sensitivity, specificity, PPV, and
NPV of 89.8%, 96.5%, 93.6%, and 94.2%,
respectively, in pleural fluid, and a rapid turn-
around time.70

Interferon-gamma release assays
IFN-Ƴ release assays (IGRAs), such as the
QuantiFERON-TB Gold (QIAGEN) and T-SPOT.TB
(Oxford Immunotec), quantify the IFN-Ƴ released
by T lymphocytes in response to stimulation with
Mtb antigens. Historically, they have not per-
formed well in pleural TB, although data from a
few recent studies suggest that when performed
on pleural fluid, they are better than IGRAs on pe-
ripheral blood and may have a diagnostic accu-
racy equal to ADA.97,98 More data would be
needed to confirm this.

Interleukin-27 and other biomarkers
Similar to IFN-Ƴ and ADA, the Th1 cytokine
interleukin-27 (IL-27) has been subject to meta-
analysis and shows promising diagnostic utility.
The number acquired by multiplying the IL-27
and ADA values (the IL-27 and ADA product) has
been shown to have a sensitivity of up to 100%
in 2 studies, independent of the background TB
prevalence.99,100 Measuring the pleural fluid/
serum IL-27 gradient had a sensitivity and speci-
ficity of 97% and 99%, respectively, in 1 report.101

IL-27 is a member of the IL-12 family and appears
to be overexpressed by all cells in the pleural cav-
ity in a TB effusion.101 It is measured by an
enzyme-linked immunosorbent assay, currently
used mainly in a research context. The optimal
cutoff remains to be found, as those studies range
from 390 ng/L to more than 1000 ng/L.91
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The list of other biomarkers tested for usefulness
in diagnosing pleural TB is long and includes lyso-
zyme (including the pleural fluid/serum lysozyme ra-
tio), IL-2 (and the IFN-Ƴ/IL-2 ratio), IFN-Ƴ-induced
protein of 10 kDa, neopterin, malondialdehyde, pro-
tein carbonyl, pleural decoy receptor-3, TNF-a,
TNF soluble receptor-1, hyaluronic acid, leptin,
fibronectin, IL-1b, IL-8, IL-6, soluble IL-6 receptor,
IL-33, IL-35, soluble IL-2 receptor, soluble CD-26,
D-dimers, superoxide dismutase, caspase-
cleaved cytokeratin-18, and complement.4,91,102

So far, none have outperformed those already in
common use, and ADA remains the cheapest of
these tests in most countries.103

Acquiring Pleural Tissue

The benefit of a diagnostic approach using pleural
biopsy is that the finding of caseating granulomas
is sufficient for the diagnosis of pleural TB, even in
the absence of demonstrating Mtb in the tissue. In
fact, if the pretest probability is high enough, even
a finding of noncaseating granulomas is suffi-
cient.32 The overall diagnostic yield of pleural bi-
opsy in TB effusions is high (69%–97%, with
higher yields in PLHIV, complex effusions, and
TB empyema), although there is variation with
the method of biopsy.36,104 Thoracoscopy is
generally acknowledged to have the highest yield.
In a seminal paper by Diacon and colleagues,14

thoracoscopy identified 100% of TB effusions,
and 76% of biopsies were culture positive. How-
ever, in the same study, the yield for ultrasound-
guided closed needle biopsy with an Abram’s
needle was also high (79%). The combination of
ultrasound-guided thoracentesis and closed
pleural biopsy has been shown to have a sensi-
tivity of 88.9% for pleural TB, and is less invasive,
less expensive, and more easily available than
thoracoscopy.105 The authors’ unit prefers the
Abram’s needle to a cutting needle biopsy, such
as the Tru-Cut needle, as the yield is higher
(81.8% vs 65.2%), and ultrasound guidance to
CT guidance because of ease of access and
cost.53 The authors caution clinicians against per-
forming closed pleural biopsy without any image
guidance, as this is unsafe.

MANAGEMENT
Antituberculosis Treatment

Currently, the recommended treatment of pleural TB
is the same as for pulmonary TB: a 6-month course
consisting of a 2-month intensive phasewith 4 drugs
(H, R, pyrazinamide, and ethambutol, annotated as
2HRZE), followedbya4-monthmaintenancecontin-
uationphasewithonly 2drugs (4HR).106,107Mostpa-
tients will experience a resolution of their symptoms
after 2weeks to 2months of conventional treatment,
although the radiographic effusion may take longer
to resolve completely.32 A commonly used alterna-
tive regimen omits ethambutol from the intensive
phase if the risk of DR-TB is low (6HR2Z).3 This
regimen was recently compared with 6HR alone in
200 HIV-negative patients who were followed up
for 8 years. The 2 regimens were found to have
similar efficacy, and 6HRwas associatedwith signif-
icantly fewer treatment-related adverse effects.108

Shorter treatment regimens or regimens with fewer
drugs have been proposed for simple TB effusions,
and good outcomes have been reported in small
studies for several regimens, including 1HR followed
by twice weekly doses of HR for 5 months, 4HR2Z,
and 6HR.109–111

In general, patients with complex effusions, pa-
tients with frank TB empyema, and PLHIV who are
not on antiretroviral treatment (ART) are likely to
need extended anti-TB treatment, although the
optimal duration and regimen are not known.32,112

Where the pleura is thickened and diseased, anti-
TB drug penetration into the pleural space is vari-
able and may be subtherapeutic.113–116 Although
there is a concern that this may drive the emer-
gence of drug resistance, there is very little direct
evidence of this as yet.116 There may be a role
for intrapleural instillation of anti-TB medication,
and for therapeutic drug monitoring, but at present
the evidence is sparse.114,115

The treatment of DR-TB is complex, involving
long, tailored regimens with multiple old, new,
and repurposed anti-TB drugs, many of which
have a high degree of toxicity.117 This becomes
even more complex in PLHIV, as many antiretrovi-
rals have significant interactions with anti-TB
drugs, and the timing of ART initiation varies with
the duration of TB treatment and the CD4 cell
count.117 The world desperately needs innovations
in treatment strategies for both drug-sensitive and
DR-TB. Currently, there are at least 22 new and
repurposed TB drugs and at least 16 new regimens
in clinical trials.2 However, pleural TB is very often
neglected in this rapidly evolving field.

Approximately 25% of patients will experience a
“paradoxic response” to treatment shortly after
initiation.42 This is a transient worsening of radio-
logic features, enlargement of the effusion, and
worsening of pulmonary infiltrates, accompanied
by worsening of symptoms. It is more common
in young, healthy men, and if severe, may require
treatment with corticosteroids.44,118
Corticosteroids

There is very little evidence for benefit from the use
of corticosteroids in pleural TB. In 1988, Lee and
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colleagues119 randomized 40 patients with pleural
TB to placebo or oral prednisolone and reported a
significantly reduced time to resolution of symp-
toms in the intervention group (2.4 days vs
9.2 days), a significantly faster time to complete
reabsorption (54.5 days vs 123.2 days), but no dif-
ference in residual pleural thickening (RPT). In
1995, Galarza and colleagues120 randomized 117
patients with pleural TB to 4 weeks of corticoste-
roids or placebo and found no statistically signifi-
cant difference in any outcomes, but there were
numerically fewer patients with RPT after treat-
ment in the intervention group. In 1996, Wyser
and colleagues121 randomized 74 patients with
pleural TB to placebo or oral prednisone for
4 weeks and found a statistically significant shorter
time to resolution of symptoms in the intervention
group but no difference in RPT. Bang and col-
leagues122 randomized 83 patients with proven
pleural TB to corticosteroid treatment or placebo
in 1997 and reported a statistically significantly
shorter time to resolution of symptoms, and a
trend toward a faster time to radiographic resolu-
tion and lower incidence of pleural adhesions in
the treatment group, which did not reach signifi-
cance. In 1999, Lee and colleagues123 randomized
82 patients to steroids or placebo and reported a
higher incidence of complete resolution of the
radiographic effusion, and a significantly lower
incidence of RPT at the end of treatment. Elliott
and colleagues124 specifically looked at PLHIV
with pleural TB. They randomized 197 patients to
oral prednisolone or placebo. Their primary
outcome, mortality rate, was not different between
groups, and as expected, they found a statistically
significant increase in the incidence of Kaposi sar-
coma in the treatment group.
At present, corticosteroids are not recommen-

ded for the routine management of pleural TB,
but further study of this topic is warranted.106,125

Drainage and Intrapleural Fibrinolytics

Small studies have suggested a benefit for early
drainage of TB effusions, but the evidence is con-
flicting.126,127 However, the evidence favoring the
use of intrapleural fibrinolytics is growing, as sum-
marized in Table 4. Importantly, these interven-
tions have not been assessed for long-term
patient-centered measures of benefit.

COMPLICATIONS
Residual Pleural Thickening

RPT is the commonest complication of pleural TB
(see Fig. 4). One randomized trial of corticoste-
roids in pleural TB found evidence of RPT greater
than 2 mm in 50% of patients on chest radiograph
and 53% to 60% of patients on CT at 24 weeks af-
ter initiation of treatment.121 In a systematic review
of the prevalence and pattern of imaging-defined
post-TB lung disease, 4 studies reported RPT
greater than 10 mm in 20% to 46% of 223 patients
treated for pleural TB.133 The severest form of RPT
is fibrothorax, generally defined as uniform RPT
greater than 10 mm with fusion of the visceral
and parietal pleura, on all pleural surfaces, leading
to encasement and contracture of the hemi-
thorax.134 Reported frequency of this complication
varies, and data are sparse.
RPT has been associated with a mild to moder-

ate restrictive impairment on pulmonary function
testing in approximately 10% of patients, which
may improve over time, and may be worse with
increasing degree of pleural thickening, but is likely
independent of specific pleural fluid characteristics
and treatment.49,135–137When RPT results in a trap-
ped lung (restriction of lung expansion by fibrous
visceral pleural peel without fusion of the visceral
and parietal layers), the patient may experience
marked dyspnea, which requires surgical interven-
tion, provided the underlying lung is viable.134
Tuberculosis Empyema

Considered by some to be a distinct disease entity
from TB pleuritis, TB empyema is a chronic infec-
tion of the pleura by Mtb, which drives an influx of
neutrophils, accumulation of neutrophilic debris,
and necrosis throughout all layers of the pleura,
and a purulent pleural collection.138,139 This often
results in a complex loculated effusion, with thick-
ened, calcified pleura and trapped lung. Theoreti-
cally, TB empyema can be a sequela of simple
TB pleuritis; can arise from direct local spread
from a bronchopleural fistula, ruptured subpleural
lung abscess, thoracic lymph node or subdiaph-
ragmatic collection; or may be from hematoge-
nous spread from a distant focus.22 It may be a
complication of TB-related pneumonectomy and
in the past was associated with such interventions
as Lucite-ball plombage, oleothorax, and thera-
peutic pneumothorax.22 Patients may present
with minimal symptoms and are rarely systemically
ill. The CT chest scan shows thickening of both
layers of pleura (with or without calcification
depending on the duration) surrounding a viscous
fluid collection (Fig. 7).140 There may be associ-
ated extrapleural fat proliferation, subpleural ab-
scess, or peripheral bronchopleural fistula
present.44 The yield for bacteriologic tests is
higher in TB empyemas than other TB pleural
effusions.4 A minority of patients respond well to
anti-TB treatment without drainage; however, con-
cerns have been raised regarding poor drug



Table 4
Intrapleural fibrinolytics for the treatment of tuberculosis pleural effusions

Reference Design Population Intervention Control Outcomes

Kwak, 2004128 Randomized trial, no
blinding

43 patients with
loculated TB pleural
effusion

Intervention: 21
Control: 22

Intrapleural urokinase
daily, via pigtail
catheter starting
when drainage was
<100 mL/d, until
<50 mL/d

Background therapy
with anti-TB
treatment

Anti-TB treatment only Less RPT in intervention
group than control
group (9.5% vs 45.5%
with �10 mm)
(P 5 .017)

Improved resolution of
radiographic pleural
effusion at end of
treatment in
intervention group
(100% of intervention
group had >75%
improvement
compared with 77.3%
of control group)

Cases Viedma, 2006129 Randomized trial, no
blinding

29 patients with
loculated TB pleural
effusion

Intervention: 12
Control: 17

Intrapleural urokinase
12 hourly until
drainage was
<50 mL/d

Background therapy
with anti-TB
treatment

Simple drainage and
suction, with anti-TB
treatment

Less RPT in intervention
group compared with
control at end of
treatment (8 mm vs
15 mm) (P<.05)

Higher drainage volume
in intervention group
(1487 mL vs 795 mL)
(P<.01)

Chung, 2008130 Double-blinded,
randomized, placebo-
controlled trial

44 patients with
loculated TB pleural
effusion

Intervention: 22
Control: 22

Intrapleural
streptokinase daily
via pigtail catheter
until drainage was
<50 mL/d

Background therapy
with anti-TB
treatment

Intrapleural normal
saline daily via pigtail
catheter until
drainage was <50 mL/
d, with anti-TB
treatment

Higher rate of CXR
improvement at 3 d,
complete drainage at
3 d in intervention
group (P<.01)

Faster time to relief of
dyspnea (2 d vs 5 d) in
intervention group
(P 5 .018)

Higher volume of
pleural fluid drained

(continued on next page)
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Table 4
(continued )

Reference Design Population Intervention Control Outcomes

(2.6 L vs 1.3 L)
(P 5 .016)

Reduced time from
treatment to
discharge (7 d vs 10 d)
(P 5 .02)

Cao, 2015131 Randomized trial, no
blinding

171 patients with free-
flowing TB pleural
effusion

Intervention: 86
Control: 85

Intrapleural urokinase
daily for 3 d, starting
when drainage was
<50 mL/d.
Background therapy
with anti-TB
treatment

Simple drainage and
anti-TB treatment

Incrementally higher
FVC and TLC in
intervention group
compared with
control at the end of
treatment (87.2% vs
83.7% and 95.1% vs
91.7%, respectively)
(P<.01)

Less RPT >10 mm in
intervention group
(0% vs 9.0%) (P<.05)

Lower incidence of
blunting of
costophrenic angle
(5.1% vs 19.5%) and
chest pain on
inhalation (9.0% vs
28.6%) (P<.05 and
P<.01, respectively)

Barthwal, 2016132 Observational,
retrospective

59 patients with
loculated TB pleural
effusion who failed
tube drainage

Intrapleural fibrinolysis
with either
streptokinase or
urokinase 8 hourly for
24 h, repeated once if
needed

— 37/59 (62.7%)
responded to therapy,
defined as >500 mL of
cumulative drainage
and complete or near-
complete radiological
resolution

Abbreviations: FVC, forced vital capacity; TLC, total lung capacity.
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Fig. 7. CT scan obtained from a patient with long-
standing, complicated pleural TB (organizing phase)
showing a loculated pleural fluid collection with a
thickened pleural peel (TP), calcifications (C), and ex-
trapleural fat (EF).

� Adenosine deaminase should be interpreted
with caution in the absence of a differential
cell count on the pleural fluid. The pleural
fluid lactate dehydrogenase:adenosine
deaminase ratio is helpful in this scenario.

� Extremely high pleural fluid adenosine deam-
inase levels greater than 250 are unlikely to
be tuberculosis.

� Closed pleural biopsy has a high yield for
pleural tuberculosis but must be performed
under image guidance.

� Sputum is often positive for tuberculosis even
in the absence of obvious parenchymal dis-
ease on chest radiograph.

� In regions with a high prevalence of drug-
resistant tuberculosis, diagnosis based only
on surrogate biomarkers is discouraged.

� Do not forget to check triglycerides and
cholesterol on pleural effusions.
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penetration into the pleural space, as well as differ-
ential penetration that may lead to the emergence
of drug resistance.113–116 Patients almost invari-
ably require surgery to remove the focus of infec-
tion, clear the purulent fluid, and prevent
progression to fibrothorax.4 Decortication through
open thoracotomy or video-assisted thoraco-
scopic surgery has shown reasonable efficacy,
although the optimal timing of intervention is
unclear.141–143

Lipid Effusions

TB is one of the commonest causes of a pseudo-
chylothorax (a cholesterol pleural effusion) world-
wide, and it usually arises from a long-standing
untreated TB effusion and empyema.144,145 Invari-
ably, at the time of presentation, the pleura is
markedly thickened, and the lung is trapped. The
CT chest images are indistinguishable from long-
standing complex TB effusions, and the diagnosis
should always be entertained in such a situation.48

A high level of suspicion must also be maintained
on pleural fluid analysis, as the pleural fluid only
has the typical milky appearance in about half of
proven pseudochylothorax cases.144 The diag-
nosis is confirmed by a pleural fluid cholesterol
level greater than 5.18 mmol/L (>200 mg/dL). In-
terventions must be guided by the patient’s symp-
toms, level of functional impairment, and evidence
(or absence) of ongoing infection. In the authors’
environment, pseudochylothorax as a result of
previous untreated pleural TB is often an incidental
finding, which requires no intervention.

A chylothorax, a pleural effusion containing chy-
lomicrons, triglycerides greater than 1.24 mmol/L
(>110 mg/dL), and cholesterol less than
5.18 mmol/L (<200 mg/dL), is a rare manifestation
of TB, usually caused by obstruction or erosion of
the thoracic duct by TB lymphadenitis rather than
pleural infection per se.146
SUMMARY

TB is the leading infectious cause of death world-
wide, and globally TB remains one of the common-
est causes of pleural exudates, particularly in
regions with a high TB incidence and in PLHIV.
TB pleural effusions are lymphocyte-rich exudates
with high ADA, with a low yield on mycobacterial
culture. TB pleurisy can also present as loculated
neutrophil-predominant effusions, which mimic
parapneumonic effusions. Rarely, they can present
as frank TB empyema, containing an abundance of
mycobacteria. A high proportion of patients have
parenchymal involvement on chest imaging. The
diagnosis is confirmed by detection of Mtb in
sputum, pleural fluid, or pleural tissue, and the
recent advent of liquid medium culture techniques
has increased the microbiological yield dramati-
cally, but the paucibacillary nature of TB effusions
may make mycobacteriologic confirmation chal-
lenging. Where the prevalence of TB is high, the
presence of a lymphocyte predominant exudate
with a high ADA has a high PPV. In low-
prevalence areas, a low ADA makes TB very un-
likely, and pleural biopsy should be performed to
confirm the diagnosis. Pleural biopsy for liquid cul-
ture and susceptibility testing must also be consid-
ered where the prevalence of DR-TB is high.
Treatment regimens are identical to those adminis-
tered for pulmonary TB. Surgical intervention may
be required in loculated effusions and empyemas.
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Chylothorax and
Pseudochylothorax

Cassandra M. Braun, MD, Jay H. Ryu, MD*
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KEY POINTS

� Chylothorax and pseudochylothorax both represent rare forms of pleural effusion and commonly
present with a milky white appearance to the pleural fluid.

� The etiology, pathogenesis, management, and clinical implications of a diagnosis of chylothorax
and pseudochylothorax are quite different. Pleural fluid analysis is key to differentiate the two.

� Chylothorax is characterized by the presence of chylomicrons, a pleural fluid triglyceride level of
greater than 110 mg/dL (1.24 mmol/L), and a cholesterol level of less than 200 mg/dL (5.2 mmol/L).

� Pseudochylothorax is characterized by a neutrophil-predominant exudate and has a cholesterol
level �200 mg/dL (5.2 mmol/L), whereas the triglyceride level is usually less than 50 mg/dL
(0.56 mmol/L).
INTRODUCTION chyle in the pleural cavity. Chyle is a lymphatic
Most pleural effusions are encountered in the
setting of an underlying disorder, with the vast ma-
jority of pleural effusions being due to malignancy,
heart failure, or infection. Herein, we review un-
common types of pleural effusions encountered
in clinical practice that have distinct clinical pre-
sentation and pleural fluid characteristics: chylo-
thorax and pseudochylothorax. We also discuss
uncommon diseases with well-recognized associ-
ation with these types of pleural effusions: yellow
nail syndrome (YNS) and lymphangioleiomyoma-
tosis (LAM). Recognition of these entities is impor-
tant because each is associated with distinct
pathogenesis and management.

CHYLOTHORAX

Chylothorax, also commonly known as chylous
pleural effusion, is defined by the presence of
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fluid rich in lymphocytes, immunoglobulins, elec-
trolytes, vitamins, water, and lipids, and has a
characteristically white, milky, and opalescent
appearance. The thoracic duct transports chyle
and typically originates from the cisterna chyli in
the abdomen. It then traverses the aortic dia-
phragmatic hiatus running posteriorly in the thorax
between the azygous vein and the aorta on the
right side. At the level of the fifth to seventh
thoracic vertebrae, it then crosses to the left chest
and enters the venous system at the juncture of
the left jugular and subclavian veins. Of note, sub-
stantial variation in anatomy (40%–60% of pa-
tients) has been observed, and tributaries to the
main thoracic duct are not uncommon.1,2

A chylous effusion can result from trauma or a
benign or malignant disease process leading to
occlusion or disruption of the thoracic duct with
leakage of lymph into the pleural space (Table 1).
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Table 1
Etiology of chylothorax

Traumatic Nontraumatic

Surgical:
� Esophageal
� Thoracic
� Cardiac (coronary artery
bypass graft)

� Thoracolumbar fusion
� Cervical node dissection

Malignancy: most are lymphoma
Idiopathic partial or complete obstruction
of the thoracic duct

Congestive heart failure
Nephrotic syndrome
Cirrhosis

Penetrating trauma (gunshot or
knife wounds)

Mediastinal lymphadenopathy

Hyperextension of the spine Pulmonary lymphangioleiomyomatosis

Vertebral fracture Yellow nail syndrome

Blunt trauma to the chest
(falls, motor vehicle accident)

Sarcoidosis

Cough Congenital chylothorax (lymphangiectasias,
Down syndrome, Noonan syndrome)

Childbirth Paragonimiasis and filariasis

Weightlifting Thrombosis of the superior vena cava
or subclavian vein

Central venous catheterization Constrictive pericarditis

Thyroid goiter

Migration of chylous ascites through
diaphragm defects

Prior mediastinal radiotherapy
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Most patients with chylothorax will have a unilat-
eral pleural effusion, the side being dependent on
the anatomic level at which the chyle leak is
located. The degree of injury and patient diet will
dictate the rate at which fluid accumulates in the
pleural space and as such there may be a variable
latency period of 2 days to several weeks before a
patient becomes symptomatic.2 If left untreated,
patients with recurrent and large chylothorax
may develop resultant hypovolemia, malnutrition,
significant electrolyte imbalances and vitamin de-
ficiencies, and immunosuppression.2

The diagnosis of chylothorax is made by pleural
fluid analysis. Traditional teaching has set diag-
nostic criteria for chylothorax of a pleural fluid tri-
glyceride level of greater than 110 mg/dL
(1.24 mmol/L) and a cholesterol level of less than
200 mg/dL (5.2 mmol/L). In addition, the pleural
fluid to serum triglyceride ratio should be >1 and
the pleural fluid to serum cholesterol ratio less
than 1. Notably, when the triglyceride level in
pleural fluid is found to be <50 mg/dL
(0.56 mmol/L) the diagnosis of chylothorax is un-
likely.2,3 Most (80%) chylous pleural effusions will
be characterized as exudative by the Light
criteria.4 In prior studies when a chylous pleural
effusion is found to be transudative in nature, the
underlying etiologies included hepatic cirrhosis,
nephrotic syndrome, amyloidosis, and obstruction
of the superior vena cava.4,5

Classically, chylothorax is associated with a
milky white appearance of the pleural fluid; howev-
er, gross appearance of the fluid can be variable
and may be present in fewer than 50% of cases.4,6

It should be noted that empyema can also result in
appearance of a milky white fluid mimicking
chylous effusion. To differentiate the two, centrifu-
gation of the pleural fluid sample can be done,
which will illustrate a difference in the supernatant
between empyema and chylous effusion, as
shown in Fig. 1. Notably, patients who are fasting
or in a postoperative state at the time of pleural
fluid sampling may not demonstrate the classic
milky appearance but still meet criteria for chylo-
thorax. Similarly, when triglyceride levels fall within
the range of 50 to 110 mg/dL, there is diagnostic
uncertainty and thus the clinician must remain vigi-
lant in their consideration and workup for this diag-
nosis. The presence of chylomicrons in the pleural
fluid is pathognomonic of chylothorax and can be
identified through use of lipoprotein electropho-
resis.3 It should be noted that although lipoprotein
electrophoresis remains the gold standard for
diagnosis (with reported 83% sensitivity and



Fig. 1. (A) Image of pleural fluid secondary to empyema illustrating settling of the neutrophilic debris and pres-
ence of a clear supernatant fluid. (B) Image of pleural fluid secondary to a chylous pleural effusion demonstrating
persistence of an opaque supernatant. (Courtesy of Dante Schiavo, MD and David Midthun, MD Rochester MN.)

Box 1
Management options in chylothorax

Observation

Treat underlying condition

Dietary measures: medium-chain triglyceride
diet, trial of nil by mouth and total parenteral
nutrition

Thoracentesis

Chest tube or indwelling pleural catheter
placement

Somatostatin or octreotide

Percutaneous embolization or interruption of
the thoracic duct

Pleurodesis via chest tube

Surgical interventions:

� Mechanical or chemical pleurodesis

� Pleurectomy

� Thoracic duct repair or ligation

� Lympho-venous anastomosis

� Pleuro-peritoneal shunting

Adapted from: Ryu JH, Tomassetti S, Maldonado F. Up-
date on uncommon pleural effusions. Respirology.
2011;16(2):238-243.
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100% specificity), it may not be widely available in
diagnostic laboratories because of the cost and la-
bor intensity.3

Once the diagnosis is established via pleural
fluid analysis, the clinician’s next step is to ascer-
tain the location and etiology of the chyle leak. Im-
aging studies, including computed tomography of
the chest, MRI of the chest and abdomen, pedal or
intranodal lymphangiography, and radionuclide
lymphoscintigraphy are most often used.7 Other
means to locate the leak can include the addition
of methylene blue to a fat source, such as cream,
to help highlight the site of the leak under direct
visualization with thoracoscopy.

Treatment of chylous effusions can consist of
either conservative (medical) therapy or proce-
dural/surgical intervention, or a combination of
the two (Box 1, Fig. 2). One approach is dietary
changes consisting of a high-carbohydrate and
high-protein, low-fat diet with focus on ingestion
of primarily medium-chain triglycerides that are
directly absorbed into the portal circulation.2 The
use of total parenteral nutrition has also been
used with complete bowel rest. Administration of
octreotide or somatostatin are adjunctive pharma-
cologic options for management of chylothorax
alongside dietary measures. Somatostatin is an
endogenous hormone and octreotide is a syn-
thetic long-acting somatostatin analogue that
reduce lymph flow and can be administered intra-
venously or subcutaneously.8,9 The mechanism by
which lymph flow is reduced is thought to be via
decreased intestinal absorption of fats, decreased
concentration of triglycerides in the thoracic duct,
and reduction in splanchnic blood flow, as well as
hepatic venous pressures.10 In most reports, if
octreotide or somatostatin is used, the reduction
in pleural fluid output is seen within 2 to 3 days,
and thus investigators have advocated using a
time-limited trial of 1 week.8



Trauma�c or 
Postopera�ve?

Observe, treat 
underlying condi�on

Trial of medical therapy for 
1--2 wk, thoracentesis as 
needed, treat underlying 

condi�on

Trial of 
medical 

therapy for 
1--2 wk 

Lymphangiographic 
or surgical 
treatment

Yes

Volume of daily 
leak >1 -- 1.5 L? 

YesNo

Resolving? No

Symptoma�c?
No Yes

Resolving?
No

Chest tube or indwelling 
catheter placement 

(consider pleurodesis via 
chest tube)

Resolving?
No

Chylothorax 

No

Fig. 2. Algorithm for management of chylothorax.
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In cases of postoperative or traumatic chylo-
thorax, the use of the preceding conservative
(medical) therapies for up to 2 weeks may result
in resolution of the chyle leak for approximately
50% of patients without need for other interven-
tion.2,11,12 However, in patients who have under-
gone certain procedures, such as
esophagectomy, early procedural or surgical inter-
vention is associated with significantly better mor-
tality outcomes compared with conservative
management.2 Surgical duct ligation or lymphan-
giography with percutaneous thoracic duct embo-
lization (TDE) is warranted, particularly when the
volume of daily chyle leak exceeds 1 to 1.5 L in a
day for more than 5 to 7 days. The main limiting
factor in successful treatment via lymphangiog-
raphy with percutaneous TDE is whether the
cisterna chyli can be cannulated. In review of
several series, the success rate of TDE varied be-
tween 38% and 79%, with failure to cannulate the
cisterna in these series attributed to body habitus,
contrast reaction, or unfavorable anatomy.13–15

The most used embolic agents include metallic
coils, Gelfoam, cyanoacrylate glue, or ethyl vinyl
alcohol15 (Fig. 3). In postoperative cases, surgical
ligation of the thoracic duct has reported success
rates of 85% to 90% in resolution of chylothorax.15

Other surgical interventions used include place-
ment of a pleuroperitoneal shunt, mass supra-
diaphragmatic ligation of the thoracic duct,
pleural decortication, pleurectomy, and surgical
pleurodesis.11,16 In cases of malignant chylothorax
or when the thoracic duct is unidentifiable, talc
pleurodesis has demonstrated good success
rates in prevention of recurrent chylothorax.2
PSEUDOCHYLOTHORAX (CHOLESTEROL
EFFUSION)

Pseudochylothorax is a rare form of pleural effu-
sion, also known as cholesterol pleural effusion,
and is less common than chylothorax. Pseudochy-
lothorax is usually unilateral and is due to the accu-
mulation of cholesterol or lecithin-globulin
complexes in the pleural space. It is characterized
by accumulation of turbid or milky white pleural
fluid. Despite the similar gross appearance to
chylous pleural effusions, these 2 forms of pleural
effusions have different etiology, pathogenesis,
and clinical implications. Approximately one-third
of patients are asymptomatic at presentation.16–18

The most common etiologies of pseudochylo-
thorax include tuberculous pleurisy, chronic rheu-
matoid pleuritis, chronic pneumothorax, trapped
lung, and chronic hemothorax.17–21 Rarely, pseu-
dochylothorax is seen with pleural paragonimiasis,
echinococcosis, malignancy, or trauma17–19,21,22

(Table 2).
The diagnosis of pseudochylothorax is estab-

lished by pleural fluid analysis. Unlike in chylo-
thorax, chylomicrons are not present in
pseudochylothorax.4,17 Cholesterol crystals may
be seen on microscopy and have the typical rhom-
boid shape. Pleural fluid in pseudochylothorax is a
neutrophil-predominant exudate and has a
cholesterol level �200 mg/dL (5.2 mmol/L), while



Fig. 3. (A) Lymphangiogram demon-
strating leaking oil-based contrast
(Lipiodol) pooling in the upper medi-
astinum in a patient after Ivor Lewis
Esophagectomy. (B) Thoracic duct
was embolized using micro coils and
cyanoacrylate glue with resolution
of the leak.
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the triglyceride level is usually less than 50 mg/dL
(0.56 mmol/L). Sometimes, triglyceride level may
be elevated in pseudochylothorax, but the pleural
fluid cholesterol to triglyceride ratio is always
greater than 1.17

Pseudochylothorax is generally seen in patients
with thickened or calcified pleural surfaces and
chronic exudative pleural effusions, usually of
5 years’ duration or longer.17,18,23 The exact path-
ogenesis of pseudochylothorax remains unclear,
but the high concentration of cholesterol in the
pleural fluid was believed to originate from
degraded erythrocytes and neutrophils that are
poorly absorbed through a thickened pleural sur-
face. Pseudochylothorax has often been consid-
ered a form of lung entrapment in the setting of
chronic inflammation.17 However, the necessity
of chronic pleuritis and significant pleural thick-
ening in the development of pseudochylothorax
has been called into question. Wrightson and col-
leagues19 reported 6 patients with pseudochylo-
thorax that occurred with a short duration of
symptoms and in the absence of a thickened
pleura. Five of these patients had rheumatoid
arthritis and 1 had seronegative inflammatory
arthritis. Thus, pseudochylothorax should be
included in the differential diagnosis for patients
with unexplained pleural effusions, even in the
Table 2
Etiology of pseudochylothorax

Common Etiologies

Tuberculous pleurisy

Chronic rheumatoid pleuritis

Chronic pneumothorax

Chronic hemothorax
absence of a long history or marked pleural
thickening.

In most cases, pseudochylothorax is associated
with a benign course and no specific therapy is
required. Therapeutic thoracentesis may be
needed if the patient has increasing pleural effu-
sion with symptoms. In some patients, aggressive
treatment of the underlying disease (tuberculosis
or rheumatoid arthritis) may lead to control or res-
olution of pseudochylothorax.19,21 Decortication
and pleurodesis may be attempted in patients
with recurrent symptomatic pseudochylothorax
that is not controlled by nonsurgical means.19,21
YELLOW NAIL SYNDROME

YNS is a rare disorder characterized by the triad of
yellow and thickened nails, lymphedema, and
pleural effusion or other respiratory abnormality,
including bronchiectasis and chronic sinusitis
(Fig. 4).16,24–26 Originally described by Samman
and White27 in 1964 in a case series of 13 patients,
there have since been at least 160 cases reported
in the literature.16,24 As some of the findings in YNS
may resolve over time, it has been suggested that
the presence at any given time of 2 of the triad of
manifestations is sufficient to establish the diag-
nosis of YNS.28
Rare Etiologies

Pleural paragonimiasis

Echinococcosis

Malignancy

Trauma



Fig. 4. Typical appearance of nails in YNS character-
ized by discoloration, thickening, and slow growth.
(Courtesy of Emily Bendel, MD Rochester MN.)
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The pathogenesis of this rare syndrome remains
poorly understood. Various anatomic abnormal-
ities of the lymphatic ducts, including lymphatic
hypoplasia, dilatations, and extensive collateral
lymphatic networks, have been noted on lymphan-
giography in patients with YNS.16,27,29 Other in-
vestigators have noted functional lymphatic
abnormalities based on results of lymphoscintigra-
phy.30,31 Histologically, conflicting results have
been reported, with some investigators noting
dilated lymphatic capillaries in the pleura, whereas
others have described relatively normal-appearing
lymphatic vessels.16,25,32 At the present time,
functional lymphatic disorder rather than structural
disease is favored as the shared pathogenic
mechanism for the development of pleural effu-
sions and lymphedema.16,24,31

Although a few case reports of familial YNS
exist, the evidence to date suggests that the
lymphatic dysfunction observed in YNS is an ac-
quired disorder rather than a heritable one.24 Envi-
ronmental exposures, including smoking, do not
appear to play a role in the pathogenesis of the
disease. The recurrent observation that severe
respiratory infections often predate the develop-
ment of lymphedema has led to speculation that
infections may serve as a trigger that overwhelms
a preexisting dysfunctional lymphatic network,
that is, a 2-hit process, and leads to clinical man-
ifestations of YNS.24,30,31

YNS has been described in association with a
variety of conditions, including malignancy, lym-
phoproliferative disorders, immunodeficiency
states, connective tissue disorders, endocrinopa-
thies, obstructive sleep apnea, Guillain–Barré syn-
drome, xanthogranulomatous pyelonephritis, and
tuberculosis.24,33 Several cases of antirheumatic
drug-induced YNS have been reported in patients
with rheumatoid arthritis who were treated with
gold, penicillamine, or bucillamine.33,34
There is no gender predilection in YNS, which
typically presents between the fourth and sixth de-
cades.24,25 Abnormal nails are the most common
manifestation described in patients with YNS, as
the diagnosis is hardly ever considered otherwise.
Aside from the discoloration, nail abnormalities
include slow growth, thickening, transverse
ridging, excessive curvature from side to side, un-
even pigmentation, diminished lunulae, and ony-
cholysis. The nail findings may vary over time.
Several investigators have reported some
improvement in the nail abnormalities with better
control of the respiratory manifestations or decon-
gestive therapy for lymphedema.24,25,32,35 The use
of topical steroids, azole antifungal agents, or
vitamin E has been described, although the evi-
dence supporting their use remains scarce.24,33

Lymphedema is present in the vast majority of
patients with YNS (80%) and is the presenting
symptom in one-third of the cases.24,25,36 The
lower extremities are most affected in a symmetric
fashion with nonpitting edema. Lymphedema may
also occur in the upper extremities, face, and oc-
casionally in the peritoneal cavity with ascites.
Lymphedema tends to persist, although improve-
ments have sometimes been noted with decon-
gestive therapy such as low-pressure
compression pumps.24,37

Respiratory manifestations are variable.24,25,36

Bronchiectasis and recurrent lower respiratory
tract infections are present in almost half of the pa-
tients. Chronic sinusitis is present in 40% of pa-
tients.25 Pleural effusions, usually bilateral, are
seen in approximately 40% of cases. Pleural fluid
typically shows a lymphocyte-predominant
exudate by protein criterion, but in the transuda-
tive range by cholesterol and lactate dehydroge-
nase parameters.25,36 Chylothorax accounts for
30% of pleural effusions seen in patients with
YNS.25

Most clinical manifestations of YNS are gener-
ally manageable with supportive measures. The
management of pleural effusions is tailored to the
size of the effusions, associated symptoms, and
the clinical context. Therapeutic thoracenteses
may suffice in controlling symptomatic pleural ef-
fusions, with pleurodesis being considered for
managing recurrent symptomatic effusions.25

Thoracic duct ligation is also an option in the treat-
ment of persistent chylothorax. Respiratory mani-
festations of bronchiectasis can be controlled
with a combination of postural drainage and other
bronchopulmonary hygiene measures, along with
judicious use of antimicrobial therapy.
Relatively little is known about the natural history

of YNS, but the long-termprognosis appears gener-
ally favorable.24,25 The largest case series suggests
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that life expectancy is only modestly reduced when
comparedwith that of the general population.25Pro-
gression to respiratory failure rarely occurs.
LYMPHANGIOLEIOMYOMATOSIS

Pulmonary LAM is a disorder characterized by pro-
liferation of abnormal smooth-muscle cells (LAM
cells), which is associated with progressive cystic
changes in the lung parenchyma.38,39 LAM may
occur sporadically or in association with tuberous
sclerosis complex (TSC), an inheritable multi-
organ hamartomatosis. Sporadic LAM affects
approximately 1 in 400,000 adult women, whereas
in TSC-LAM occurs in approximately 30% to 40%
of adult womenwith TSC.40 Characteristic manifes-
tations of LAM include diffuse pulmonary cysts,
progressive exertional dyspnea, hemoptysis, renal
angiomyolipoma, recurrent pneumothorax, and
increased incidence of meningioma.40 LAM is now
believed to be a low-grade slow-growing
neoplasm. This disease is most commonly seen in
women, believed to be accelerated by estrogen,
and as such typically manifests before menopause
around the third to fourth decade of life.

Pleural effusion is seen in 20% to 40% of pa-
tients with LAM during the course of the disease
and is usually chylous.38,41,42 The development
of chylothorax in LAM likely results from obstruc-
tion or disruption of lymphatic vessels or the
thoracic duct by proliferating LAM cells.43–45 Chy-
lothorax in LAM is more often unilateral and does
not appear to correlate with the severity of paren-
chymal lung disease (Fig. 5).41,42 Not all patients
Fig. 5. High-resolution chest computed tomography
scan of chylothorax related to LAM. This axial image
of a 30-year-old woman with sporadic LAM demon-
strates small cystic lesions diffusely throughout both
lungs and a moderate-sized right pleural effusion
(chylothorax).
with chylothorax in LAM require therapeutic inter-
vention. Management is tailored to the size and
clinical effects of the chylous pleural effusion and
has included low-fat diet, therapeutic thoracente-
sis, pleurodesis, pleurectomy, and thoracic duct
ligation.38,41,42 More recently, the discovery of ab-
normalities in the TSC1/2 genes, which results in
activation of the kinase mammalian target of rapa-
mycin (mTOR), has led to trials using mTOR inhib-
itors like sirolimus.40 Sirolimus therapy has been
shown to be effective in reducing the size of
chylous pleural effusions.46,47
SUMMARY

Classically both chylothorax and pseudochylo-
thorax present as a pleural effusion with a charac-
teristic milky white appearance to the pleural fluid.
Although both are rare causes of pleural effusion,
they have distinct etiologies and clinical implica-
tions, and as a result require different management
strategies. Pleural fluid analysis of cholesterol and
triglyceride levels is key to differentiating the 2 syn-
dromes from one another and to then guide the
clinician as to what the best next steps are in eval-
uation and management. YNS and pulmonary
LAM are 2 examples of distinct and rare diseases
that are associated with the development of
chylothorax.
CLINICS CARE POINTS
� Chylothorax and pseudochylothorax both
represent rare forms of pleural effusion
and classically present with a milky white
appearance to the pleural fluid. However, it
is key to differentiate between the two
with pleural fluid analysis, as they have
distinct etiologies and clinical implications
for patients.

� YNS is a rare cause of chylothorax and is asso-
ciated with the classic triad of findings: yel-
low and thickened nails, lymphedema, and
pleural effusion or other respiratory abnor-
mality including bronchiectasis and chronic
sinusitis.

� Chylothorax can occur in 20% to 40% of pa-
tients with pulmonary LAM, which is a disor-
der characterized by proliferation of
abnormal smooth-muscle cells (LAM cells)
and progressive cystic changes in the lung pa-
renchyma.
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Pleural Effusions in the
Crit ical ly I l l and “At-

Bleeding-Risk” Population

Mark Godfrey, MD, Jonathan Puchalski, MD, MEd*
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KEY POINTS

� Pleural effusions are common in the intensive care unit (ICU) and in patients with perceived bleeding
risks.

� Despite the disease severity in each of these populations, thoracentesis is safe.

� The ICU setting or patient bleeding risks are only parts of a comprehensive and individualized risk-
benefit analysis, and they may be superseded by the indications for the pleural procedure or risks of
diagnostic or therapeutic delay.
BACKGROUND comorbidities and risks, and the safety and value
m

Worldwide, pleural effusions contribute to patient
suffering from respiratory failure, dyspnea, exer-
cise intolerance, sleep abnormalities, pain, and
others. The 2010 British Thoracic Society guide-
lines indicated that pleural diseases affect 3000
per 1 million people,1 and estimations include 1.5
million people afflicted in the United States. Malig-
nant pleural effusions account for 125,000 inpa-
tient admissions per year in the United States
and a resultant > $5 billion costs.2 A 2008 analysis
reported 127,444 thoracenteses performed in the
Medicare population, which accounts for only
15% of the US population, suggesting the number
of thoracenteses performed annually in the at-
large population is higher than previously
suggested.3

In the intensive care unit (ICU), pleural effusions
may be detected by ultrasound in up to 62% of pa-
tients and thoracentesis can change the presump-
tive diagnosis in up to 45% of patients.4 In the
general population undergoing thoracentesis, up
to 42% have been found to have one or more risks
for bleeding.5 Physicians are thus frequently con-
fronted with pleural effusions in patients with
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of performing thoracentesis in these complicated
patients have been questioned.

THORACENTESIS IN THE INTENSIVE CARE
UNIT
Prevalence

The reported prevalence of pleural effusion in ICU
patients varies greatly depending on themethod of
patient screening or the ICU population (medical,
surgical, trauma, or cardiac ICU patients).
Thoracic ultrasound is extremely sensitive for
detecting effusions. In a prospective study of ICU
patients using chest computed tomography as
the comparator, chest radiography (CXR) had a
sensitivity, specificity, and diagnostic accuracy
for pleural effusion of 65%, 81%, and 69%,
respectively, whereas thoracic ultrasound with a
single-blinded operator was 100% for all.6 The
effusion prevalence in consecutive medical ICU
patients assessed with ultrasound may be as
high as 62%.7 However, given the ability of ultra-
sound to detect even trivial amounts of fluid, the
clinical significance of the effusions in this cohort
is questionable: 57 of these effusions (92%) were
ale University School of Medicine, 15 York Street, LCI
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small (ie, only obscuring the costophrenic angle on
chest radiograph) and only 11 effusions were suc-
cessfully sampled.
CXR can overestimate the presence of an effu-

sion in the ICU. In one retrospective cohort, only
35% of “effusions” seen on chest radiographs
were confirmed with cross-sectional imaging or ul-
trasound, and only 10% subsequently underwent
a drainage procedure.8 In another prospective
study, up to a quarter of ICU patients had pleural
effusion reported on CXR, but when all were sub-
sequently assessed with thoracic ultrasound,
only 6.5% had confirmation of a significant effu-
sion (>2 cm depth).4

In a large (n 5 1351) cohort of ICU patients,
8.4% had effusions that were sizable enough to
be detected on radiographs as well as sampled
with thoracentesis.9 A similar prevalence was re-
ported in a retrospective database analysis of
over 50,000 ICU admissions, which identified pa-
tients with either a diagnosis code for pleural effu-
sion or the presence of pleural fluid laboratory
studies in 7.7%.10 These studies suggest that
radiographic methods alone overestimate the
prevalence of clinically relevant effusions in the
ICU. Uncontrolled retrospective ICU cohorts sug-
gest the prevalence of effusions large enough to
be drained is closer to 5% to 10%.
Diagnostic Considerations

The causes of pleural effusion and the biochemical
testing to characterize transudates and exudates
do not differ in critically ill patients from others.11

In the ICU setting, volume overload from fluid
resuscitation, myocardial depression, hypoalbu-
minemia, atelectasis, or hepatic hydrothorax are
common transudative causes. Exudates may be
due to malignant pleural effusion, pancreatitis,
pleural infection, or pulmonary embolism, among
others. Postoperative effusions in surgical ICU pa-
tients may be related to cardiothoracic or major
abdominal procedures, traumatic or iatrogenic
hemothorax, aortic dissection, or esophageal
perforation. In rare circumstances, improper
placement or migration of feeding tubes or venous
catheters can result in pleural effusions.12,13

Studies describing the specific etiologies of pleural
effusions in ICU patients are often hindered by
multiple methodologic limitations, including selec-
tion bias for drainage, and as a result tend to have
higher proportions of exudative and infectious
effusions.7,10

Pleural effusion is not a common manifestation
of the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2; “COVID-19”). In a series of
121 patients with symptomatic SARS-CoV-2
infection who were early in the course of illness,
pleural effusion was found in only one.14 In a sys-
tematic review of more than 3400 patients where
the duration of illness was more heterogenous,
pleural effusion was present in only 5.2%, and
many of these may be related to hypoalbuminemia
or critical illness.15 It should be noted that SARS-
CoV-2 RNA can be isolated in pleural fluid,16 and
all pleural procedures in patients with COVID-19
are potentially aerosol-generating. This has led
some physicians to add bleach to the air leak
chamber of a chest tube collection device or viral
filters to the system.
In the ICU, a presumptive diagnosis for

an effusion based on clinical features is
often unreliable. Demographic or clinical features
have not emerged in patients with effusion and
community-acquired pneumonia to reliably indi-
cate empyema, nor do pneumonia-specific or
generic sepsis scores predict its develop-
ment.17,18 However, there is good quality pro-
spective evidence that thoracentesis augments
the clinical decision-making and alters manage-
ment in the ICU. Fartoukh and colleagues9 per-
formed a prospective study of all patients
admitted to 3 medical ICUs in France. They
assessed for the presence of effusion and per-
formed thoracentesis in all who did not have pre-
specified contraindications (n 5 82). They found
that the thoracentesis-based diagnosis was
different from the presumptive diagnosis in 37 pa-
tients (45%), and that management was altered in
31%. There were no prethoracentesis clinical var-
iables that predicted when thoracentesis would
be useful. Recently, Fysh and colleagues4

described a multicenter prospective cohort of
ICU patients with pleural effusion, though in this
study, the authors left the decision to perform
pleural drainage to the discretion of the treating
physician. Of 7342 consecutive ICU patients,
226 (3.1%) had clinically significant effusions
confirmed on ultrasound and 119 (53%) under-
went pleural drainage. Thoracentesis improved
the predrainage diagnosis in 91 cases (77%),
and in 62 cases (52%), there was a complete
change of diagnosis. Although most changes
were related to exclusion of pleural infection or
malignancy, 22 (19%) revealed previously unsus-
pected conditions.
Can sonographic features of the effusion reliably

suggest an etiology? Unfortunately, though
increasingly complex ultrasound characteristics
(eg, internal echogenicity or septations) can sug-
gest an effusion will be an exudate, their presence
is insensitive and many “simple” appearing fluid
collections will be biochemically exudative.19,20

Taken together, the previous studies demonstrate
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that there are no clinical or imaging findings that
can obviate the need for diagnostic sampling,
and that doing so often leads to actionable data.

Therapeutic Considerations

The physiology of pleural effusion drainage is
reviewed in more detail in this issue of Clinics,
and drainage of pleural effusion in mechanically
ventilated patients has theoretic benefits in terms
of gas exchange, respiratory system mechanics,
diaphragmatic function, and hemodynamics.21 In
a systematic review and meta-analysis, Goligher
and colleagues22 described 19 observational
studies (n 5 1124) assessing the impact of pleural
fluid drainage in mechanically ventilated patients.
There was a modest but significant improvement
in PaO2:FiO2 ratio of 30.5 (95% confidence interval
[CI], 6.4–54.6; P 5 .013) after drainage, with con-
flicting results on respiratory mechanics. Subse-
quent studies have suggested that the presence
of a pleural effusion is associated with failure to
liberate from mechanical ventilation,23,24 though
the positive impact of drainage on mechanical
ventilation duration is unknown.

There are potentially serious negative conse-
quences to expectant management of an effusion
in the ICU. In the Fysh and colleagues4 study
described earlier, two-thirds of the 226 identified
clinically significant effusions were not drained
within 24 hours of identification. In this group of
150 patients managed expectantly, 15 patients
(10%) experienced respiratory failure requiring
either ICU readmission, medical emergency team
activation, noninvasive ventilation, or reintubation
together with pleural effusion drainage; 5 of these
patients died with irreversible respiratory failure as
a contributing cause. An additional 8 patients had
missed pleural infections diagnosed on subse-
quent drainages. The pleural effusion adverse
event rate in the expectant management group
was 16%, and the 27 patients who were drained
required a total of 45 drainage procedures.
Compared to the early drainage group (8 pleural
effusion-related serious adverse events [PERSAE;
10.5%]), this was not statistically significant for
PERSAE. However, there were more overall signif-
icant adverse events in the control group (9
[11.8%] vs 35 [23.3%], P < .05).

Technique

Pleural drainage in the ICU is associated with
several unique practical challenges. Patient posi-
tioning may be hindered by inability to cooperate
due to sedation or by intravascular devices
(intra-aortic balloon pumps or extracorporeal
membrane oxygenation [ECMO] cannulae) that
limit position changes, and often an ideal position
is not possible. Most ICU patients can achieve a
semirecumbent position where the preferred site
of drainage is the “triangle of safety” bounded by
the pectoralis major, latissimus dorsi, and fifth
intercostal space. As summarized by others, the
evidence that contemporaneous ultrasound re-
duces iatrogenic complications in pleural interven-
tions compared to a “blind” approach is so
overwhelming that a failure to perform an ultra-
sound examination is reserved for exceptionally
rare, life-threatening emergencies.25–27 Provision
of ultrasound equipment and trained operators
should therefore be a priority for any setting where
thoracentesis is performed.

Safety

Numerous studies address the safety of pleural
procedures in critically ill or mechanically venti-
lated patients. Early small studies of thoracentesis
in ventilated patients (with ultrasound use not
described) found a pneumothorax rate of 6% to
10%.28,29 With the routine use of ultrasound, the
rate of pneumothorax is 0% to 7%.9,30,31 In a sur-
gical ICU cohort of 338 thoracenteses (83 of which
occurred in ventilated patients), there were com-
plications in 6 procedures (2%): 2 hemothoraces
and 4 pneumothoraces.32 Among exclusively
ventilated patients, there was a 0% to 1.3% rate
of pneumothorax following ultrasound-guided
thoracentesis.33,34 In 94 febrile medical ICU pa-
tients, 86% of whom were receiving mechanical
ventilation, only 2 hemothoraces (2%) were re-
ported after thoracentesis.35 In other mixed ICU
cohorts, with some patients receiving mechanical
ventilation and some not, there was a pneumo-
thorax rate of 0% to 4.2%.36,37 Finally, in a recent
prospective cohort of 226 patients receiving
pleural drainage in the ICU (the majority receiving
small-bore intercostal drains), there were 5
procedure-related adverse events (3 failed inser-
tions, and 1 case each of re-expansion pulmonary
edema and parenchymal tube placement).4

THORACENTESIS AND THE RISK OF BLEEDING

Thoracentesis is generally considered a low-risk
procedure. The use of ultrasound has been shown
to decrease the likelihood of hemorrhage by 38.7%
in a study of 19,339 thoracenteses in 414 hospi-
tals.38 Although bleeding complications occur in
approximately 1% to 1.5% of patients,39–41 the
bleeding complication rate has been even lower in
some studies, with 0.4% of procedures compli-
cated by hemothorax (0.2%) or hematoma in a
study including 941 thoracenteses42 and 0.18% in
a study of 9320 thoracenteses.43
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In and beyond the ICU setting, elevated coagu-
lation parameters, thrombocytopenia, and the use
of various medications have traditionally been felt
to be associated with higher risks of procedural
bleeding, despite a lack of convincing evidence.
Although partial thromboplastin time (PTT) and in-
ternational normalized ratio (INR) “were never
intended to, nor have they been shown to assess
hemostasis in patients without a history of
bleeding,”44 recent publications still list relative
contraindications of the procedures as elevated
INR and low platelets.45 The Turkish Respiratory
Society in 2020 recommended ideal conditions
including an INR less than 1.5, platelet count
greater than 50,000/mL, and a creatinine less
than 6 mg/dL when the procedure is nonemer-
gent.46 The British Thoracic Society Guidelines in
2010 gave a grade C recommendation for having
an INR less than 1.5 before thoracentesis26

Several recent studies offer more information on
the safety of thoracentesis in patients with conven-
tionally defined bleeding risks and may help to
redefine society guidelines in the future. For
example, the Society of Interventional Radiology
Consensus Guidelines updated their recommen-
dations in 2019 for patients undergoing percuta-
neous image-guided interventions. They
categorized thoracentesis as a low bleeding risk
procedure and did not recommend preprocedural
assessment of PT/INR or platelets, but if obtained,
correcting INR to � 2.0 to 3.0 and transfusing
platelets if less than 20,000/mL. Furthermore,
they recommend against withholding unfractio-
nated heparin, low-molecular-weight heparin, clo-
pidogrel and other antiplatelet agents, as well as
anticoagulants, before low-risk procedures.47

This recommendation is a significant change
from prior recommendations and the progress is
likely based on the following studies.
THORACENTESIS IN PATIENTS WITH
THROMBOCYTOPENIA OR AN ELEVATED INR

A summary of studies addressing thoracentesis in
patients with abnormal coagulation parameters is
summarized in Table 1. McVay and Toy48 (1991)
retrospectively found no increased bleeding in pa-
tients undergoing thoracentesis or paracentesis
with mild to moderate coagulopathy (PT or PTT
up to twice midpoint normal range) or mild throm-
bocytopenia (platelets mostly 50,000–99,000/mL).
A PT of 1.5 times midnormal was equivalent to
an INR of approximately 2.2 and a PT of 2.0 times
midnormal was equivalent to an INR of approxi-
mately 3.8. Notably, they performed 57 thoracent-
eses with an elevated PT, 65 with an elevated PTT,
and 24 with thrombocytopenia (7 with platelets
25–48,000/mL) of the 217 pleural procedures.
They found that patients with a markedly elevated
creatinine (>6 mmol/L) had a higher average hemo-
globin drop following the procedure, although only
4 such patients had a thoracentesis.
Bass and White49 (2005) reviewed 100 thora-

centeses in patients with hematologic malig-
nancies. The 2 patients who developed
hemothorax had normal platelet and coagulation
parameters. Patel and Joshi50 (2011) reviewed
1076 ultrasound-guided thoracenteses (267 pro-
cedures with INR > 1.5 and 58 with platelets
<50,000/mL) and found no hemorrhagic complica-
tions. Puchalski and colleagues5 (2013) found that
42% of 312 patients prospectively collected had
bleeding risks but no hemothorax during thora-
centesis. This study evaluatedmany bleeding risks
including elevated INR, thrombocytopenia, and
patients taking medications thought to be associ-
ated with a risk of bleeding (clopidogrel, heparin).
Renal failure was also included but liberally
defined as a creatinine greater than 1.5 mmol/L or
those requiring renal replacement therapy and
this cohort contained 41 of the 130 “at-risk” pa-
tients. Hibbert and colleagues51 (2013) in the
same year demonstrated retrospectively that the
bleeding risk was no different in 1009 procedures
in those with an INR greater than 1.6 or platelet
count less than 50,000/mL compared to those
with normal parameters. In 706 procedures
without transfusion to correct the abnormal pa-
rameters, there were no bleeding events. There
were 4 bleeding events in 303 procedures
(1.32%) with transfusion, representing 0.4% of
the 1009 total procedures. Of these, 1 was a he-
matoma, 1 was a presumed intercostal artery
laceration, and 2 were hemothoraces. Almost all
patients had a decrease in hemoglobin within
1 week with a mean decrease of 1.06 (�0.93) g/
dL in the group not receiving transfusions before
the procedure. This observation was not explained
but not attributable to the thoracentesis.
Orlandi and colleagues52 retrospectively

reviewed the use of ultrasound in 436 thoracente-
ses, with 41 patients having severe thrombocyto-
penia (<30,000/mL). They found that ultrasound
reduced the risk of bleeding and that bleeding
was mild in 0.69% of all patients with the compli-
cation. The 3 mild bleeding events occurred in
the 9 patients with severe thrombocytopenia in
whom ultrasound was not used.
Ault and colleagues43 prospectively analyzed

9320 inpatient thoracenteses (4618 patients;
3796 bilateral thoracenteses). Many patients had
more than one procedure. Of the procedures,
359 patients (3.9%) had a platelet count of 20 to
49,000/mL and there were 4 complications, 53



Table 1
Studies evaluating patients with a perceived bleeding risk undergoing thoracentesis

Authors Bleeding Risk Number Results

McVay and Toy48 1991,
retrospective paracentesis
and thoracentesis

Elevated PT/PTT or
thrombocytopenia;
217 thoracenteses

Elevated PTT: 65
Elevated PT: 57
Plts<50,000: 7

No increased bleeding
risk, although more
hemoglobin drop
if Cr > 6 mmol/L

Bass et al.49 2005,
retrospective
thoracentesis

Hematologic
malignancies
(lymphoma,
leukemia, post-
transplant); 100
thoracenteses

100 patients
Plts<50,000: 13
PT/PTT elevation: 14

No bleeding in those
at risk; 2/100 patients
had hemothorax

Patel and Joshi50 2011,
retrospective, ultrasound-
guided thoracentesis

Elevated INR or
thrombocytopenia;
1076 thoracenteses

INR available in
822 patients;
platelets available
in 953

1076 procedures on
605 patients

INR>1.5: 267
INR>2: 139
INR>2.5: 59
INR>3: 32
Plts<50,000: 58

(12 of which
were <25,000)

No bleeding events

Puchalski et al.5 2013,
prospective, ultrasound-
guided

Various risks factors
including INR,
thrombocytopenia,
renal failure,
medications

312 (42% with
bleeding risk)

INR>1.5: 44
Plts<50,000: 16
Clopidogrel: 14
Heparin: 14

No bleeding events

Hibbert et al.51 2013,
retrospective, ultrasound-
guided

Elevated INR or
thrombocytopenia

1009 procedures
in 773 patients

INR>1.6: 608 procedures
without correction

Plts<50,000: 113
procedures without
correction

No difference but
bleeding occurred
in the corrected
group (1.3 vs 0%)

Ault et al.43 2015,
prospective

All procedures 9320 procedures
Plts 20–49,000: 359
Plts<20,000: 53
INR 1.5–2.99: 2005
INR>3.1: 301

No difference in
bleeding in groups
comparing INR, PTT,
or platelets

Hemothorax in 0.05%

Orlandi et al.52 2018,
retrospective

Thrombocytopenia 41 of 436 patients
had plts<30,000

3 (0.69%) patients had
topically-controlled
bleeding when U/S
was not used

Zalt et al.53 2012,
prospective

Clopidogrel 45 (30 patients) One superficial
hematoma

Mahmood et al.54 2014,
prospective

Clopidogrel Thoracentesis: 17
Chest tube: 8

1/25 hemothorax (4%)
due to thoracentesis

Patel et al.55 2019,
retrospective

Clopidogrel, NOAC,
and ticagrelor

Clopidogrel: 69
NOAC: 43
Ticagrelor: 3

No bleeding
complications

Perl et al.56 2020,
retrospective

Clopidogrel Clopidogrel: 88
Control: 169

No difference in
bleeding
complications

Dangers et al.57 2020,
multicenter cohort

Antiplatelet drugs Aspirin: 142
Clopidogrel: 17
Aspirin 1 Clopidogrel: 22
Aspirin 1 Prasugrel: 1

Bleeding events: 1.3%
Serious bleeding: 0.8%
Odds ratio of bleeding

using antiplatelets:
3.44 in univariate
analysis

Pleural Effusions 681
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(0.57%) had a platelet count of less than 20,000/mL
and there were 0 complications, 2005 had an INR
1.5 to 2.99 (21.5%) and there were 20 complica-
tions, whereas 301 (3.2%) had an INR greater
than 3.1 and there were 5 complications. They
found 17 total bleeding episodes (0.18%) of which
5 were hemothoraces (0.05%). The incidence of
any complication was higher in patients who
were underweight, had an elevated PTT, had
greater than 1500 mL of fluid removed, unilateral
compared to bilateral procedures, and those with
more passes through the skin. There were no as-
sociations with bleeding and clinical variables
including INR, PTT, or platelets.
THORACENTESIS IN PATIENTS WITH
MEDICATION-RELATED BLEEDING “RISKS”

Few studies have evaluated thoracentesis in the
presence of medication-induced bleeding risks,
such as antiplatelet medications. The Turkish Res-
piratory Society consensus statement recom-
mends discontinuing antiplatelet medications
(Clopidogrel, Prasugrel, Ticagrelor) 5 to 10 days
before pleural procedures. They recommend
enoxaparin and fondaparinux be held 24 hours,
dabigatran and argatroban 48 hours, and direct
factor Xa inhibitors (rivaroxaban, apixaban, and
edoxaban) at least 24 hours. Notably, there is no
recommendation for aspirin.46 The 2019 recom-
mendations from the Society of Interventional
Radiology do not recommend cessation of unfrac-
tionated heparin, low-molecular-weight heparin,
clopidogrel and other antiplatelet agents, or anti-
coagulants before thoracentesis.47

Zalt and colleagues53 retrospectively evaluated
45 procedures in 30 patients undergoing thora-
centesis while receiving clopidogrel. Patients took
clopidogrel within 24 hours and continued use after
the procedure. No patient developed hemothorax
and1patient (2.22%)developedasmall hematoma
requiring superficial pressure at the puncture site.
All patients had a CXR within 72 hours and a com-
plete blood count within 48 hours. One patient
had a decrease in hemoglobin by 3 g/dL; this stabi-
lizedwithout intervention andCXRdid not showev-
idence of pleural fluid reaccumulation.
Mahmood and colleagues54 prospectively exam-

ined 25 patients undergoing ultrasound-guided
thoracentesis or chest tube placement while
receiving clopidogrel and 50 patients as controls.
Most (22/25) were concurrently taking aspirin.
They assessed for a postprocedural hemoglobin
decrease of 2 g/dL or reaccumulation of the pleural
effusion within 24 hours. Outpatients were called
within 2 weeks to assess for suggestive symptoms.
One patient in the clopidogrel group undergoing
thoracentesis (1/17 thoracenteses; 5.9%) devel-
oped hemothorax requiring chest tube placement
and blood transfusion.
Patel and colleagues55 retrospectively evaluated

115 patients undergoing ultrasound-guided thora-
centesis receiving clopidogrel (69), a novel oral anti-
coagulant (43), or ticagrelor (3) within 24 hours of
the procedure. A large proportion of procedures
occurred in the presence of multiple bleeding risk
factors (45.2%). Postprocedural hemoglobin was
obtained within 48 hours in 88 patients (76.5%)
and postprocedural radiographs in 58 patients
(50.4%). No bleeding complications were identified.
Perl and colleagues56 retrospectively studied

257 patients (88 on clopidogrel) and found no dif-
ference in bleeding events between the groups.
Of the patients on clopidogrel, 41 (46%) were
also taking aspirin and 2 (2.3%) a dual oral antico-
agulant. The single hemothorax occurred in the
group not taking clopidogrel, and both groups
had 2 patients receive red blood cell transfusion
for hemoglobin drops greater than 2 g/dL after
the procedure without evidence of hemothorax.
In contrast to the other studies listed, Dangers

and Giovannelli57 conducted a French prospec-
tive, multicenter (n 5 19) study of patients under-
going thoracentesis, chest tube, and closed
pleural biopsies. Of 1124 patients, 182 were on an-
tiplatelet therapy (aspirin: 142; clopidogrel: 17;
aspirin plus clopidogrel: 22; aspirin plus prasugrel:
1). Image guidance was used in 77% of the anti-
platelet group and 68% of the control group. A to-
tal of 377 thoracenteses were included, of whom
74 were on antiplatelet therapy. In over 1000 total
pleural procedures, there were 15 bleeding events
(6 in the antiplatelet group), 5 of which occurred af-
ter thoracentesis (1.3% of total thoracenteses).
Two of these were considered serious (0.5% of
thoracenteses). The 24-h incidence of bleeding
was 1.33% (95% CI, 0.71–2.05) in the whole
group, 3.23% (95% CI, 1.08–5.91) in the antiplate-
let group, and 0.96% (95% CI, 0.43–1.60) in the
control group. All bleeding events were in patients
taking aspirin monotherapy, presumptively be-
tween 75 and 160 mg. In univariate analysis, the
OR for bleeding in the thoracentesis group on anti-
platelets was 1.73 (0.28–33.38), P 5 .62. In multi-
variate analysis, the OR for bleeding was 0.93
(0.10–20.31), P 5 .96. The authors concluded
that antiplatelet therapy (meaning aspirin mono-
therapy in this group) had a significantly increased
risk of bleeding in patients undergoing pleural pro-
cedures compared with the control group. Howev-
er, even in a cohort as large as this the absolute
bleeding event rate was very low, resulting in
wide CIs for their risk estimates. Therefore the au-
thors acknowledged that “pleural procedures may
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be performed with an acceptable risk when anti-
platelet therapy cannot be interrupted.”

RISKS ASSOCIATED WITH TRANSFUSION OR
MEDICATION WITHDRAWAL

Reversal of INR with fresh frozen plasma or platelet
transfusion is not without risk. Transfusion-associ-
ated lung injury, volume overload, allergic reaction,
viral or bacterial infection, or alloimmunization are all
possible complications.58,59 These risks must be
considered when transfusing before thoracentesis
given the low risk of bleeding demonstrated in the
aforementioned studies.

There are also risks associated with cessation of
prescription medications. In patients who undergo
coronary stent implantation for ischemic heart dis-
ease, stent thrombosis is associatedwith amortality
rate between 5% and 45%.60 In a large meta-
analysis (30 studies, 221,066 patients, 4276 stent
thromboses), after a median of 22 months definite,
probable or possible stent thrombosis had occurred
in 2.4% of the population. Of this, acute thrombosis
occurred in 0.4%, subacute in 1.1%, late in 0.5%,
andvery late in0.6%.Definite/probable stent throm-
bosis wasmore consistently and commonly associ-
ated with stent number/length, extent of coronary
disease, and early antiplatelet therapy discontinua-
tion, among others.61

Dual-antiplatelet therapy is recommended after
stent implantation. However, reasons for stent
Fig. 1. A proposed approach for performing thoracentesis
thrombosis after discontinuation of clopidogrel,
for example, are poorly understood. In a small
study of patients with drug-eluting coronary stents,
long-term (>1 year) clopidogrel use followed by
cessation caused rebound platelet hyperreactivity
in the subsequent 2 to 6 weeks.62 Short-term use
and cessation may not be associated with major
adverse cardiac and cerebrovascular events.63

Short-term cessation of dabigatran, however, has
been shown to cause a paradoxic prothrombotic
state associated with platelet aggregability in
mice.64 Additional studies are needed regarding
abrupt cessation of antiplatelet or anticoagulant
medications and their risks for thrombosis.

INDIVIDUALIZING THERAPY

The decision to perform any procedure, including
thoracentesis, is an exercise individualized to
each patient. Procedural risks, operator experi-
ence, patient characteristics or preference, the
risks of transfusions or withdrawal of medications,
and the indication and urgency of the procedure
must all be integrated. Both diagnostic delay (eg,
in the case of pleural infection) or therapeutic delay
for a patient who is breathless can have clinical
consequences and are poorly captured outcomes
in retrospective publications. Bleeding complica-
tions related to thoracentesis, with or without addi-
tional risk factors, are uncommon and can often be
managed conservatively. Therefore, these
in patients with perceived bleeding risks.



Godfrey & Puchalski684
perceived risks are only one component of a
comprehensive risk-benefit analysis, and may be
superseded by the indications for the pleural pro-
cedure or the antiplatelet agent. An approach to
patients with perceived risks for thoracentesis
due to these factors is proposed (Fig. 1).
SUMMARY

Pleural effusions are a cause of significant
morbidity and are frequently encountered in “at-
risk” patients, including those in the ICU or patients
with presumed risks for bleeding. Thoracentesis in
these patientsmust be considered in the context of
diagnostic and therapeutic considerations. In the
ICU, an unsuspected diagnosis is not infrequent
and respiratory failure may be improved following
the procedure. As with all procedures, safety is
paramount and use of ultrasound and targeting
the approach in the “triangle of safety” may reduce
complications. Society guidelines are generally
lacking for performing thoracentesis in patients
with perceived bleeding risks, but recent and future
guidelines may consider growing evidence that the
procedure is safe in the setting of coagulation and
platelet abnormalities, and in patients on antiplate-
let or anticoagulant medications when the proced-
ure is necessary.
CLINICS CARE POINTS
� The use of ultrasound and performing thora-
centesis in the “triangle of safety” decreases
complications.

� Thoracentesis is clinically useful for diagnostic
and therapeutic purposes and is often neces-
sary for ICU patients and those at risk for
bleeding.

� When performed in the ICU or in patients
with perceived bleeding risks, individualized
timing based on the rationale for performing
the procedure likely further ensures the
generally safe profile of thoracentesis.
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Malignant Pleural
Effusions
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KEY POINTS

� Malignant pleural effusions complicate up to 15% of all patients with a primary malignancy, and an
annual incidence of 150,000 cases in the United States alone.

� Diagnosis of malignant pleural effusion is most commonly achieved by thoracentesis (60% on initial
thoracentesis), but repeat thoracentesis, computed tomography–guided biopsy, or even thoraco-
scopy may be required.

� Management centers around improving patient quality of life and can be done with serial thoracent-
esis, indwelling pleural catheter placement, pleurodesis, or a combination of those.
INTRODUCTION PLEURAL ANATOMY AND
m

Malignant pleural effusions (MPEs) are a common
complication of cancer, affecting up to 15% of all
patients with a primary lung malignancy and an
annual incidence in the United States alone of
150,000 cases.1–3 MPE refers to the accumulation
of pleural fluid resultant from an underlying malig-
nancy. An MPE occurs when the lymphatic infra-
structure on the parietal pleura is overwhelmed
by increased cancer cell production in combina-
tion with decreased lymphatic drainage, resulting
in accumulation of fluid in the pleural space.4 The
most common underlying cancers at the root of
MPE are lung, breast, and lymphoma; however
most malignancies have been reported to cause
malignant pleural effusions.5 Diagnosis is attemp-
ted with an initial thoracentesis (10%–95% sensi-
tivity based on tumor type) and gradually
stepped up to a more invasive thoracoscopy
(95% sensitivity) if a definitive diagnosis is
eluded.6–11 The presence of malignant tumor cells
in the pleural space upstages a patient’s primary
cancer to metastatic and is associated with high
morbidity and low survivability, with the median
survival being 4 to 9 months.12
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PATHOPHYSIOLOGY

The pleural space is defined as the area between
the outer surface of the lung and the inner surface
of the thorax. Each side of the pleural space
(visceral, parietal) is covered with a serous mem-
brane, a smooth and lubricating surface, that com-
bined define the borders of the pleural cavity.13

The normal pleural cavity is estimated to contain
0.26 mL of fluid per kilogram of bodyweight, pri-
marily produced and absorbed on the parietal sur-
face.13,14 Fluid production and resorption is
dependent on the balance of hydrostatic and
oncotic pressure differences between the sys-
temic and pulmonary circulations and the pleural
space. The lymphatic vessels in the parietal pleura
are capable of resorption of up to a 20-fold in-
crease in pleural liquid formation before being
overloaded. In MPE, tumor cells impair drainage
of the lymphatic system, leading to fluid accumu-
lation.4,15,16 Additionally, pleural-based tumor
cells have been described to increase fluid pro-
duction through a cascade of interactions be-
tween the host vasculature and immune system.
This results in net fluid production related to
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plasma extravasation into the pleural space.4 The
combination of decreased resorption and
increased production leads to accumulation of
MPE. In MPE, postmortem studies suggest that
most pleural metastases arise from tumor emboli
to the parietal pleura, although other possible
mechanisms include direct tumor invasion, hema-
togenous spread, and lymphatic involvement.17

CLINICAL PRESENTATION

Patients can present on a spectrum from
completely asymptomatic (15%–25%) to acute
respiratory distress, with the most common symp-
tom being dyspnea.18,19 The physiology behind
the presence or lack of breathlessness is not well
elucidated, but it is felt it has more to do with
displacement of the diaphragm and expansion of
the chest wall as opposed to compression of the
lung itself.20 However, the size of the effusion often
correlates poorly with the degree of symptoms pa-
tients have.21,22 Frequently co-morbid cardiopul-
monary conditions can play a role in the severity
of dyspnea.23 Another less exhibited clinical indi-
cator of an MPE is a dull, pleuritic chest pain or
pressure that is, typically more common in meso-
thelioma.21 Additional findings on review of sys-
tems are consistent with an advanced stage
malignancy, including weight loss, malaise, and
anorexia.24 The physical examination is often
remarkable for reduced tactile fremitus and dull-
ness to percussion.21

IMAGING

Once a pleural effusion is suspected, a confirma-
tory imaging study is the next best step. Clinicians
can choose from a variety of modalities, including
bedside ultrasonography (US), chest x-ray (CXR),
computed tomography (CT), and fluorodeoxyglu-
cose positron emission tomography (PET-CT)
depending on expertise and availability.

Ultrasonography

With the increasingly ubiquitous nature of US, this
has become an attractive first imaging test due to
its availability, safety, and ability to guide pleural
intervention.24 In addition to its accessibility, US
has been shown to be a more sensitive tool for
detection of pleural effusion than a CXR, particu-
larly with experienced operators.25 US is also a
useful tool in determining pretest probability for
malignant effusions, with pleural
thickening >1 cm, pleural nodularity, and dia-
phragmatic thickening >7 mm highly suggestive
of malignant disease (Fig. 1).26 Pleural metastasis
usually appears as relatively small hypoechoic
lenticular masses having obtuse margins with the
chest wall or large masses with complex
echogenicity.27

Plain Radiograph

A chest X-ray is often the initial screening test that
discovers a pleural effusion (Fig. 2). A standard
CXR can detect a pleural effusion at roughly
200 mL of volume in PA view, and as little as
50 mL in the lateral view.28 Pleural plaques, pleural
thickening, and rib crowding can all be signs of
malignant pleural disease.27 When patients
become symptomatic from a malignant pleural
effusion, patients will frequently have moderate
to large pleural effusions (80%), and often contra-
lateral shift of the trachea can be seen.22,29

Computed Tomography

The British Thoracic Society currently recom-
mends use of a CT scan in all patients with an
exudative pleural effusion that do not have a diag-
nosis after initial thoracentesis.30 A CT scan can
identify features consistent with certain diagnoses
and allow for biopsy procedural planning. Nodular
pleural thickening, mediastinal pleural thickening,
parietal pleural thickening >1 cm, and circumfer-
ential pleural thickening have a specificity for
pleural malignancy ranging from 78% to
100%.31–33 Logistic regression was used to retro-
spectively evaluate CT scan findings most consis-
tent with malignant pleural effusion and these
include any pleural lesion >1 cm having the highest
probability, but other predictors outside the chest
include liver metastasis, abdominal mass, lung
mass or nodule, pleural loculation, pericardial effu-
sion, and cardiomegaly.34

Positron Emission Tomography-Computed
Tomography

PET imaging is commonly used as part of staging
evaluation for malignancies; however its value in
predicting benign versus malignant disease is
limited with a sensitivity of 81% and a specificity
of 74%.35 Where PET is useful, is in helping the
proceduralist in determining optimal location for
biopsy to obtain adequate tissue (Fig. 3).30,35,36

DIAGNOSTIC PROCEDURES
Thoracentesis

In persons with a known malignancy or imaging
findings suggestive of a malignancy who develop
a pleural effusion, the fluid should be sampled to
determine etiology.30,37 Indications for a thora-
centesis, or percutaneous drainage of pleural fluid,
are limited only by the safety profile of the patient



Fig. 1. Pleural thickening related to a malignant
pleural effusion as seen on ultrasound.
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and the skill of the operator. Ultrasound guidance
should be used to improve the safety of the pro-
cedure and detection of pleural nodules or pleural
thickening can predict the presence of malig-
nancy.26 Recent studies have shown no increase
in risk of bleeding with uncorrected coagulopathy,
clopidogrel use, direct oral anticoagulant use,
renal disease, and thrombocytopenia.38–41 In
fact, guidelines vary but a platelet count as low
as 30,000 has not been associated with increased
risk of bleeding.42 In addition, thoracentesis offers
the potential benefit of relief of symptoms and
evaluation for an expandable lung.

Fluid characteristics typically show an exudative
effusion, but 5% to 10% are transudative by
Light’s criteria.43 When suspicion of malignant
effusion is high, ensuring an adequate sample for
cytologic examination is critical. Optimal volume
to be sent for analysis has yet to be determined.
Some small studies have described no difference
between as little as 25 mL of fluid and as much
as 850 mL; however it is suggested that at least
60 mL should be collected, and in cases of large
volume thoracentesis some authors recommend
providing even more fluid to pathology.44–47

Pleural fluid cytology sensitivity for malignancy
is 60% but can potentially be increased with a sec-
ond thoracentesis by 27% with no increased
sensitivity thereafter with additional thoracente-
sis.30,47 The most likely primary cancers to have
a positive cytology from pleural fluid are (in order),
ovarian, lung (adeno), breast, and GI all with a
sensitivity of greater than 60%.10 Hematologic,
nonadenocarcinoma lung cancer, and mesotheli-
oma carry the lowest sensitivity with mesotheli-
oma as low as single digits in some
cases.10,48–50 Pleural fluid is also being tested for
genetic mutations that can help guide therapy,
including KRAS and EGFR, with more on the
horizon.51,52

After at most two successive thoracenteses do
not provide a diagnosis, the next step is a pleural
biopsy. This can be performed via multiple modal-
ities discussed in the following section.

‘Blind’ Closed Pleural Biopsy

A blind pleural biopsy is performed using an
Abrams or Cope needle and requires less experi-
ence, lower cost of equipment, and lower re-
sources than the alternatives discussed in this
chapter.53,54 Blind pleural biopsy increases the
diagnostic yield over pleural fluid cytology by 7%
to 27%when pleural implants are seen on imaging
but up to 50% in mesothelioma.55,56 Blind pleural
biopsies do typically have a lower sensitivity than
image-guided pleural biopsy, and this is likely
related to being unable to visually inspect the
Fig. 2. Chest X-ray showing a large
left-sided pleural effusion with
contralateral mediastinal shift.



Fig. 3. Pleural thickening on PET/CT with avidity to
help plan biopsy.
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pleural space and biopsy appropriate tissue.54,57

Complication rates can be as high as 14.4%,
with a 9.4% incidence of pneumothorax.58

Image-Guided Biopsy

CT-guided and thoracic ultrasound (TU)–guided
biopsy can be performed to obtain pleural tissue
for diagnosis, with malignant pleural thickening
(see Fig. 1) or nodules being targeted. Both mo-
dalities show good diagnostic yield, with TU
(84%) and CT-guided (76%–100%) accompanied
low complication rates.59,60 In patients with sus-
pected mesothelioma and no pleural effusion, im-
age guidance is preferred over closed pleural
biopsy.61

Medical Thoracoscopy and Video-Assisted
Thoracoscopic Surgery

Medical Thoracoscopy (MT) (also known as pleu-
roscopy) was popularized by Hans Christian Jaco-
baeus in 1910.62 The procedure was originally
performed through a cystoscope, and provided a
better understanding of pleural disease, serving
as the foundation for today’s interventions. MT
has evolved from its roots into video-assisted thor-
acoscopic surgery (VATS) and has provided an
avenue for multiple diagnostic and therapeutic so-
lutions. MT differs from VATS in that it can be per-
formed in an endoscopy setting (or OR [operating
room]), with local anesthesia and/or moderate
sedation, single port, and by a pulmonologist or
a surgeon. Each of the two methods affords direct
visualization and biopsy of pleural nodules,
masses, and thickening (Fig. 4).
MT has a diagnostic sensitivity for malignant

pleural disease of 92.6% when pooling results
across 22 case series.63 Sensitivity remains high
(90.1%) even in patients who first had a nondiag-
nostic “blind” pleural biopsy.63 When comparing
image-guided biopsy (Abrams Needle) versus
MT, the sensitivity for MT was increased but not
statistically significantly so.64 MT with local anes-
thetic has a low rate of complication and mortality
despite the invasive nature of the procedure. Mor-
tality rate related to MT alone is 0.34% and is
postulated to be related to use of talc.63 Significant
complications are seen in 1.8% of procedures,
and include empyema, hemorrhage, port-site tu-
mor growth (specific to mesothelioma), broncho-
pleural fistula, and pneumothorax.65 VATS has
similar diagnostic yields and complication rates
as MT.
Mesothelioma presents a particular diagnostic

challenge, as pleural fluid cytology is diagnostic
in under a third of patients.55,66 In patients whom
mesothelioma is suspected, MT or VATS is
frequently the tool used to define the disease.67

Local radiation to the port-site can be considered
to prevent seeding, though efficacy of this proced-
ure has not consistently been reproduced and is
generally not recommended prophylactically.67–69

MANAGEMENT

Once pleural malignancy is confirmed, the crux of
management centers around palliation of symp-
toms and improvement of patient quality of life.
The approach to treatment should be individual-
ized based on performance status, tumor type
(ie, is there malignant ascites), expected life
span, and patient’s preferences. While predicted
remaining life span is critical in decision making
for pleural interventions, it remains challenging
for clinicians. Prognostic tools like LENT (based
on 4 parameters: LDH level of the pleural fluid,
the Eastern Cooperative Oncology Group
[ECOG] performance-score, serum neutrophil-to-
lymphocyte ratio, tumor histology) and PROMISE
(based on clinical and biological parameters to es-
timate 3-month mortality) can be used to assist in
estimating life expectancy.70,71 Asymptomatic pa-
tients with limited life span should be managed
much differently than those with symptoms and
reasonable survival. Therapeutic thoracentesis
should be performed in all symptomatic patients
with malignant pleural effusions to determine the
effect on breathlessness and to determine the
rapidity of recurrence.5,72 In patients with rapid
recurrence, the following strategies can be
considered.

Serial Thoracentesis

In select patients, this modality can serve as a
destination therapy. Typically, this is



Fig. 4. Thoracoscopic view of tumor implant on the
pleural surface of Fig. 3.
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recommended in patients with far advanced dis-
ease and poor performance status. Thoracentesis
can be done in the outpatient setting and has a low
complication rate, especially with adoption of US
to guide needle placement.73 The amount of fluid
that can be removed safely continues to be the
focus of debate, with some guidelines recom-
mending only draining 1 to 1.5 L at a time.17 This
is based on concerns for creation of a negative
pleural pressure leading to re-expansion pulmo-
nary edema. However, the incidence of re-
expansion pulmonary edema is rare (0.10% in
one large case series),74 and the potential symp-
tomatic benefit of fully draining the space likely
outweighs the risk. Use of pleural manometry is
no longer common practice, but keeping pleural
pressure above �20ccH2O is recommended and
can promote safe removal of fluid well past
1.5 L.75 When clinicians do not have pleural
manometry available, patient symptoms of chest
pressure can be a surrogate marker and should
guide clinicians on the amount of fluid to drain.76

Method of drainage can be either active aspiration
or gravity, and there is no difference in patient
symptoms.77

Pleurodesis

Pleurodesis is defined as the fusion of the parietal
and visceral pleura via creation of extensive adhe-
sions, leading to obliteration of the pleural space
and preventing accumulation of a pleural effusion.
The exact mechanism of pleurodesis is not fully
elucidated, but it is suspected to be related to
inflammation and fibrosis via transforming growth
factor-b1,78 interleukin-8, and transforming growth
factor-b.79 Regardless of the mechanism, apposi-
tion of the visceral and parietal pleura is required to
accomplish successful pleurodesis, unlike in
Fig. 5. MPE provides a unique challenge for com-
plete apposition, given an often thickened visceral
pleura and incomplete lung re-expansion related
to the malignancy itself (ie, nonexpandable
lung).80 When a patient does achieve apposition
of the parietal and visceral pleura, it is reasonable
to attempt either chemical or mechanical pleurod-
esis. It remains unclear the relationship on the de-
gree of pleural apposition that predicts
pleurodesis success. There are mixed results on
using patient symptoms, radiographic imaging,
and pleural manometry in predicting success of
pleurodesis, but these findings all have a benefit
in demonstrating expandable and nonexpandable
lung after thoracentesis.81,82

Frequently in patients undergoing pleurodesis
for a malignancy, a chemical sclerosant is chosen,
given the inherent risks of surgery in this ill popula-
tion. Talc, bleomycin, Corynebacterium parvum,
etoposide, povidine-iodine, and doxycycline have
all been used as agents to achieve pleurode-
sis.83,84 Two large-scale reviews (1168 and 1499
patients) reviewed the efficacy of chemical pleu-
rodesis with complete response occurring in
64% of patients and a relative risk of nonrecur-
rence at 1.20.84,85 Talc was found to be the most
efficacious of the different sclerosants with no
increased mortality, and this appears to be repro-
ducible across multiple studies.86–91 Talc can be
delivered via slurry (suspension form) via chest
tube or poudrage (atomized form) via thoraco-
scopy. Multiple studies have shown no difference
in recurrence or complication rates between the
two.65,92 The size of the chest tube may impact
success rate of pleurodesis, as one study showed
lower failure rates in a 24Fr (24%) versus a 12Fr
(30%) chest tube, although pain scores were lower
in the 12Fr group.93

The most common adverse events associated
with pleurodesis are pain (23%) and fever (19%)
and likely related to the inflammatory sclerosing
process. There have been case reports of acute
respiratory failure with talc; however when using
graded-size talc, there were no instances of respi-
ratory failure in a series of 558 patients.94
Indwelling Pleural Catheter

The use of a tunneled indwelling pleural catheter
(IPC) is becoming increasingly common for the
management of MPE. A TPC is a silicone tube
placed into the pleural cavity, tunneled subcutane-
ously with a small cuff, and the other end exiting
the patient with a one-way valve, allowing for
drainage at home or in an ambulatory setting by
patients and/or their caregivers.95 These are
excellent mechanisms for palliation of symptoms
in the outpatient setting; however patient selection



Fig. 5. Malignant pleural effusion leading to trapped
lung after evacuation with tube thoracostomy.

� Malignant pleural effusions occur when can-
cer is detected in the pleural space, and
once diagnosed carry a median survival of 4-
9 months.

� Imaging findings suggestive of malignancy
include CT or US showing pleural thickening
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is critical for effective use of the catheter and pre-
vention of complications.96

There are increasing amounts of data that TPCs
are safe and effective in managing patient symp-
toms and improving quality of life. A large system-
atic review showed symptomatic improvement in
95.6% of patients and improvement in Borg score
immediately after placement.97,98

Achievement of pleurodesis is a somewhat hard
metric to study, as this is only achievable in pa-
tients with significant lung re-expansion; however
an IPC is still effective at relieving dyspnea in pa-
tients without lung re-expansion. TPC-related
pleurodesis has typically been reported to occur
at 29 to 59 days after placement.99–101 Pleurodesis
rates vary based on different studies, with overall
rates ranging from 45% to 58%.97,100,102 However,
when evaluating patients suitable for pleurodesis
(ie, with expandable lung), tha number increases
to 70%.103 It should also be noted, that up to
50% of patients with nonexpendable lung may
achieve pleurodesis at 6 months.104

IPCs have been compared with various other
forms of pleurodesis. In IPC versus doxycycline
pleurodesis via tube thoracostomy, there was no
significant difference in the degree of symptomatic
improvement in dyspnea or quality of life.105 In IPC
versus talc slurry, dyspnea improved in a similar
fashion with no difference up to 42 days; however
the IPC group did have a significant improvement
in dyspnea at 6 months.98 Additionally, the length
of initial hospitalization was shorter in the IPC
group (median 0 vs 4 days).98 Frequency of
drainage (daily vs every other day) was evaluated
in the ASAP trial, with higher rates of spontaneous
pleurodesis in the daily drainage group (47%,
median 54 days) compared with the every other
day group (24%, median 90 days).106

The incidence of IPC-related infections is low
and range from 0% to 12%.107,108 Fortunately, in
patients who have an IPC-related infection, pleu-
rodesis is common and allowed for removal of
the catheter in 62% of patients.108 Having a proto-
col for prevention of pleural infection, including
close follow-up, has been shown to reduce infec-
tion rates.96

Rapid Pleurodesis

One of the major drawbacks of pleurodesis is that
it often necessitates a 5 to 7 day hospitalization,109

and IPC leads to spontaneous pleurodesis at
various rates (45%–70%) and lengths of time
(29–90 days).97,98,106,109,110 The length of time,
coupled with an inherent infectious risk, and
need for assistance with home drainage does
eliminate certain patients’ candidacy for an IPC.
In these situations, a rapid pleurodesis procedure
can be considered. This is a combination of thora-
coscopy with talc delivery, as well as IPC insertion
simultaneously. This method has been shown to
decrease hospital length of stay and duration of
IPC use (mean of 8–10 days), while significantly
improving quality of life.111,112 Talc has also been
given post-IPC insertion after evidence of good
lung re-expansion, with a higher rate of pleurode-
sis at 35-days than IPC alone.113

When considering all of the options for therapy
of MPE, IPC does appear to be the most cost-
effective option, given the outpatient nature of
the procedure and ability to manage fluid removal
in the ambulatory setting.114

SUMMARY

MPE is a commonly encountered clinical problem
with significant associated morbidity. Making a
timely diagnosis via thoracentesis or other invasive
procedure should be accomplished as quickly as
possible. Management centers around patient
characteristics and quality of life and should be
personalized to fit needs.

CLINICS CARE POINTS



>1cm, pleural nodularity, diaphragm thick-
ening >7mm, and PET-avidity in the pleural
space.

� Initial thoracentesis has a diagnostic sensi-
tivity of 60%. Sensitivity for ovarian, lung
(adenocarcinoma), breast, and GI-related ma-
lignancies are all >60%; while hematologic
malignancy, non-adenocarcinoma lung pri-
mary, and mesothelioma all having lower
sensitivities.

� Thoracic ultrasound-guided, CT-guided, and
medical thoracoscopy-guided biopsies all
have good sensitivity for diagnosis at 76%
or greater.

� Management of malignant effusions should
rely upon patient symptoms, patient desire
for procedures (i.e. insertion of indwelling
pleural catheter), and life expectancy.
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Malignant Pleural
Mesothelioma

Updates for Respiratory Physicians
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KEY POINTS

� The global incidence of malignant pleural mesothelioma is predicted to continue to rise, especially
in developing countries where use of asbestos is less regulated.

� There have been many developments in mesothelioma management, particularly molecular diag-
nostics and immunotherapy treatment.

� Optimal care of mesothelioma patients requires multidisciplinary involvement of both medical (i.e.
pulmonology, medical oncology, radiation oncology, palliative care) and allied health (i.e. dietetics,
physiotherapy/exercise physiology) specialties.
INTRODUCTION ETIOLOGY
Malignant mesothelioma is the result of neoplastic
transformation of the mesothelial cells, with more
than 80% arising from the pleura. The global inci-
dence of mesothelioma continues to rise. Although
the number of cases in developed countries has
remained stable, the World Health Organization
predicts an exponential increase in mesothelioma
cases in developing regions, where underreporting
of mesothelioma is also common, due to unregu-
lated use of asbestos.1–7

It is important, therefore, that pulmonologists
have a solid understanding of malignant pleural
mesothelioma (MPM), which has many unique fea-
tures separating it from other common (eg, lung)
cancers. This article aims to update clinicians of
key advances of MPM relevant to day-to-day
practice in particular new diagnostic tests, man-
agement of resultant malignant effusions, and lat-
est advances on treatment. We highlight important
unanswered questions that should be the focus of
future research.
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Asbestos exposure is the most recognized cause
of MPM, as asbestos fibers are difficult to degrade
once inhaled.8 The larger the amount of exposure,
and the more years after inhalation, the more likely
the eventual development of MPM, which typically
develops after a lag period of 3 to 4 decades after
the initial asbestos exposure.8 Crocidolite (blue
asbestos) has longer and thinner fibers, is more
resistant to biodegradation, and is significantly
more carcinogenic than chrysotile (white
asbestos).8

Asbestos is used extensively as insulation mate-
rial. Workers involved in direct handling of
asbestos (eg, mining and transportation) and
those using asbestos products (eg, construction
workers, electricians, plumbers, carpenters, car
manufacturing, and mechanics) are at high risks.8

There are more men in these occupations, hence
a higher incidence of men with MPM. In recent
years a “third wave” of MPM has been recognized
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in people who had asbestos exposure from reno-
vations of homes that contained asbestos.
Nevertheless, only a small number of asbestos-

exposed subjects develop mesothelioma, raising
the possibility of cofactors, especially genetic pre-
disposition.High-risk and low-risk genetic associa-
tions have also been described. BRCA-associated
protein 1 (BAP-1) syndrome is a recent discovery
and a step toward elucidating the genetic predis-
positions for MPM.8–10 Patients with this rare auto-
somal dominant condition have a higher risk for
mesothelioma anda rangeof other uncommonma-
lignancies, such as atypical Spitz tumor, mela-
nomas (uveal/cutaneous), renal cell carcinoma
(clear cell), and basal cell carcinomas.9,10 Familial
incidence rates of the syndrome is 6% to 7%, but
asbestos exposure is still required for MPM to
develop. Patients with BAP-1 syndrome who
developed MPM do have a better prognosis than
those without the mutations. Mutations to DNA
repair gene, suchasCDKN2A,PABL-1, andFANCI,
also havebeen found inMPM, and their presence is
thought to permit lower asbestos exposure to
trigger neoplasia.8–10 Homologous recombinant
repair (HHR) and enhancer of zeste homolog 2
(EZH2) gene mutations also have been reported in
patients with MPM.8–10
Fig. 1. Right MPM and associated pericardial effusion
(arrow).
PATHOPHYSIOLOGY

Asbestos fibers trigger many biological changes,
including inflammatory cascades, once inhaled
into the lung and transverse the pleural space.11,12

Many downstream reactions have been reported,
such as asbestos-driven and macrophage-
related phagocytosis causing reactive oxygen
species formation, mitotic and chromosomal
instability of mesothelial cells, accumulation of
carcinogenic asbestos-surface–derived proteins
and release of cytokine and growth factors.11,12

Receptor tyrosine kinases can be activated,
causing downstream promotion of Raf-MEK-
extracellular signal-related kinases and
phosphoinositide-3-kinase-AKT pathways.11,12

Cyclin-dependent kinase inhibitors can become
inactivated causing reduced tumor suppressor ac-
tivity.11,12 Neurofibromatosis (NF) type-2 genes
can mutate and further reduce availability of
tumor-suppressing proteins, such as merlin.11,12

Aforementioned mutations of BAP-1, an apoptosis
regulator, can affect chromosome dynamics, DNA
damage responses, and cell-cycle growth regula-
tion to allow MPM to proliferate.10 It may also alter
drug sensitivity. Description of the latest findings
of molecular mechanisms underlying MPM are
outside the scope of this review and can be found
elsewhere.8,13–15
HISTOLOGY

MPM mainly consists of 2 histologic subtypes:
epithelioid (w70%) and sarcomatoid (w10),
including desmoplastic, with a third subtype that
contains both histotypes, termed biphasic or
mixed (w20).16 It is increasingly recognized that
MPM is a heterogeneous disease, even within
the same tumor. The more areas sampled, the
more likely it is that a representative of the whole
tumor has been obtained. Relevant histologic dif-
ferential diagnoses considered are subtype
dependant; and, include reactive proliferations,
metastatic adenocarcinoma, melanoma, and
sarcoma.17
CLINICAL PRESENTATIONS

Symptoms of MPM are often nonspecific and
insidious, hence patients typically present several
months from onset of first symptoms. Most
(more than 90%) patients present with a pleural
effusion, and hence breathlessness (usually on
exertion) and/or cough.18 Chest pain is often
related to local soft tissue invasions or neuropathic
involvement. Constitutional symptoms, especially
weight loss, night sweats, and fatigue, are com-
mon but are often underreported and under-
treated. Disease progression within the unilateral
hemithorax can cause rib invasion, pericardial
involvement, lymphangitis, superior vena cava
obstruction, esophageal obstruction, recurrent
laryngeal nerve palsy, or even transdiaphragmatic
spread into the peritoneum (Fig. 1). Contralateral
disease can also develop with parenchymal lung
nodules and pleural involvement. In an autopsy
study, distant metastases were common and can
involve most extrapulmonary organs, although
many are not apparent clinically premortem.19

Incidental detection from chest imaging performed
for other indications can occur.
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Clinicians therefore should maintain a high level
of suspicion of the diagnosis, especially in at-risk
individuals with occupational exposure and/or
other benign asbestos changes (eg, pleural
plaques).
IMAGING

There are no unique pathognomonic features that
allow the diagnosis of MPM solely by imaging. Im-
aging, however, can aid detection of malignant
pleural involvement, guide biopsies, and show dis-
ease extent and treatment response.

Most patients present with a pleural effusion.
Chest radiography may reveal benign asbestos
pleuro-pulmonary changes, such as pleural pla-
ques, pleural thickening, and interstitial lung dis-
ease, suggestive of asbestosis, blunting of the
costophrenic angle from small effusions or pleural
thickening, or even reduced hemithorax size
(Fig. 2). The presence or absence of these features
does not define or exclude MPM. In advanced
MPM, there may be nodular pleural thickening,
pleural masses, pericardial or contralateral pleural
effusion, parenchymal tumor infiltrates or lym-
phangitis, and rib erosion/fractures. Absence of a
pleural effusion does not exclude MPM.

Thoracic ultrasonography can help identify
pleural effusions and guide drainage and/or bi-
opsies. The presence of parietal pleural
thickening >1 cm, pleural nodularity, and dia-
phragmatic thickening >7 mmwere highly sugges-
tive of malignant disease (positive predictive value
100% in a study of 52 patients) but histo-
cytological diagnosis is still needed to differentiate
MPM from metastatic cancers.20
Fig. 2. . Progressive circumferential pleural thickening and
corresponding CT (B).
Computed tomography (CT) is part of the routine
workup of patients suspected of MPM. Scanning
with a pleural phase enhancement protocol using
intravenous contrast can help identify abnormal
areas of pleural thickening or nodularity for biopsy,
assist with staging, and monitor treatment
response. Delayed-phase scanning (230–300 sec-
onds post-contrast injection) was shown in a small
prospective study to be better than early phase
(30–60 seconds) scanning.21 Presence of air within
the pleural space can serve as a useful contrast to
delineate parietal and visceral pleural abnormal-
ities and is the subject of a pilot feasibility (AIR)
study.22

CT findings of circumferential pleural thickening,
pleural thickening >1 cm, pleural nodularity, and
mediastinal pleural thickening are proven cardinal
features of pleural malignancy (but again not spe-
cific for MPM).23 It can also identify disease inva-
sion into the adjacent soft tissues,
hemidiaphragm, vascular structures, or
pericardium.

Avidity of pleural tissues on 18-flurodeoxyge-
nase PET is not specific for MPM for diagnostic
purposes and previous talc pleurodesis will lead
to pleural avidity indefinitely (Fig. 3). In selected
cases, PET can help target percutaneous biopsy
especially in the presence of diffuse pleural thick-
ening24 (Fig. 4). Recent work has shown that PET
activity can provide prognostication information
in MPM but the data are less convincing for dis-
ease monitoring.25 Its role in selecting patients
for salvage treatments is being explored.26

Routine use of MRI is not justified, but it remains
a focus of research.21 MRI can help separate
hemithorax contraction on chest radiograph (A) with



Fig. 3. PET scan showing increased activity in the area
of previous talc pleurodesis.
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benign from malignant pleural disease but can be
limited by availability and costs.27 Gadolinium
contrast-enhanced MRI can assist in clarifying
MPM extension into adjacent structures, particu-
larly important when planning surgical resection,
and also can be used as an alternative if there
are contraindications to the iodine contrast for
CTs.27 Ohno and colleagues28 compared whole-
body MRI with other modalities used for staging
MPM. MRI and PET-MRI had a superior diagnostic
accuracy of 87% (compared with the 56.5% of
other modalities).28 Whole-body MRI is also
Fig. 4. (A) Circumferential pleural thickening on CT chest (
and increased activity.
currently being investigated for tumor volume
analysis during treatment plus determining sur-
vival.21 Dynamic contrast-enhanced MRI was
shown to provide prognostic information in terms
of overall survival, such as from contrast-
washout graphing, but was not contributory to dis-
ease monitoring.25

There are ongoing investigations of applying
advanced imaging technologies to MPM, such as
radiomics with mathematical analysis of tumors
and deep learning convolutional neural networks
in volumetric segmentational analysis.29

DIAGNOSIS

Most patients present with a pleural effusion.
Ultrasound-guided samplingof theseandcytologic
examination can be diagnostic. However, sepa-
rating malignant mesothelial cells from benign or
reactive ones canbe challenging, on both cytologic
and histologic preparations. The cytologic diag-
nosis of epithelioid and biphasic MPM have been
endorsed by international practice guidelines and
is also accepted for medicolegal purposes.30 The
main concern regarding cytologic assessment is
the perceived lack of sensitivity; however, this is
as high as 70% in some centers.31 Cytology and
histology should be considered complementary.
Recent advances in investigations based on the

common molecular alterations seen in the disease
have improved the pathologists’ ability to distin-
guish between benign and malignant mesothelial
proliferations. Loss of BAP-1 has been found to
have a 100% positive predictive value for meso-
thelioma in the correct clinical setting and can be
A) and (B) PET scan highlighting areas of tracer avidity
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assessed by immunohistochemistry in pleural fluid
cells or tissue biopsies.30 BAP-1 loss is present in
most cases of epithelioid MPM and up to two-
thirds of biphasic MPM but is less common in
the sarcomatoid/desmoplastic variants (Fig. 5).
Another valuable diagnostic tool is the assessment
of homozygous deletion of chromosome 9p21,
which encodes CDKN2A (cyclin-dependent kinase
inhibitors 2A) and methylthioadenosine phosphor-
ylase (MTAP)30,32 (Fig. 6). The former is detected
using fluorescence in situ hybridization (FISH)
and deletion is present in most MPM cases.
FISH is a technique requiring specialized equip-
ment and interpretation, which is not available at
all pathology centers. The immunohistochemical
(IHC) assessment of MTAP has been shown to
be a reliable surrogate for the FISH investigation
and is quicker to perform.32,33 These tests can
be performed on both cytologic and histologic
preparations and can add to the diagnostic
Fig. 5. The tumor is composed of pleomorphic mesotheli
�60, scale bar 5 50 mm) that demonstrate (B) retained n
retained stain) (BAP-1 immunohistochemistry, original ma
strate loss of cytoplasmic staining for MTAP (indicated by
fication �60, scale bar 5 50 mm) (C). Corresponding FISH a
indicate such nuclei) (loss of 2 red signals in abnormal nucle
signal [green]). (Courtesy of Joanne Peverall and Amber L
lands, Australia.)
evidence in case assessment. However, lack of
identification of an abnormality in any one of these
tests does not rule out a mesothelioma diagnosis.

As malignant pleural effusion is more commonly
a result of metastatic carcinomas, separating
those from MPM is critical. It is recommended
that after cytomorphological assessment, initial
IHC testing include establishing the mesothelial
lineage of abnormal cells with at least 2 mesothe-
lial markers (eg, calretinin, cytokeratin 5/6, Wilms
Tumor 1, D2-40).34 MPM cells are generally ex-
pected to show negative staining for adenocarci-
noma markers (eg, TTF-1, CEA, Ber-EP4).34

Other relevant IHC tests that may be performed
include epithelial membrane antigen, p53, desmin,
glucose-transporter 1, and insulinlike growth fac-
tor II messenger RNA-binding protein 3.35 Detailed
discussions of the choice of IHC panel and appli-
cation of molecular markers have been reviewed
elsewhere.35,36
al cells (A) (hematoxylin-eosin, original magnification
uclear staining for BAP-1 (arrows indicate nuclei with
gnification �60, scale bar 5 50 mm). The cells demon-
arrows) (MTAP immunohistochemistry, original magni-
nalysis (D) shows homozygous loss of CDKN2A (arrows
i with at least one retained chromosome 9 centromere
ouw, Diagnostic Genomics, PathWest Laboratory, Ned-



Fig. 6. This cell block demonstrates malignant mesothelioma cells (A) (hematoxylin-eosin, original magnification
�60, scale bar 5 50 mm) with (B) loss of nuclear staining for BAP1 (arrows), note the positive inflammatory cells
(BAP1 immunohistochemistry, original magnification �60, scale bar 5 50 mm). (C) The mesothelioma cells demon-
strate retained cytoplasmic staining for MTAP (arrows) (MTAP immunohistochemistry, original magnification�60,
scale bar 5 50 mm) and the FISH analysis (D) shows no loss of CDKN2A (arrows indicate nuclei) (2 red signals in
abnormal nuclei with at least one retained chromosome 9 centromere signal [green]). (Courtesy of Joanne Pever-
all and Amber Louw, Diagnostic Genomics, PathWest Laboratory, Nedlands, Australia.)
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If the pleural fluid is not diagnostic, pleural tissue
sampling will be needed and can be performed via
various techniques depending on available re-
sources/expertise, patient fitness, and disease
features. Percutaneous biopsy using imaging
guidance with ultrasound or CT is the least inva-
sive approach and is appropriate when pleural
thickening, especially with nodularity, is detect-
able (Fig. 7). Image guidance is less important in
patients with diffuse pleural thickening in which
“blind” closed pleural biopsies (eg, with Abram
needle) can be considered.
Biopsy under direct vision can be achieved with

either medical (pleuroscopy) or surgical (usually
video-assisted) thoracoscopy. Pleuroscopy using
either rigid or semirigid scopes allow pleural tissue
sampling with sedation (instead of general anes-
thesia) and has a high success rate for malignant
pleural diseases. However, the pleura is often
diffusely thickened in patients with MPM or benign
asbestos thickening. Rigid forceps are needed for
biopsy. Cryobiopsy with flexible pleuroscopes is a
new approach that has been shown to be safe and
to provide larger and deeper specimens.37

Caution is required and cryobiopsy usually needs
to be combined with initial forceps sampling for
best results. Narrow-band imaging and confocal
laser electron microscopy are being evaluated
but are unlikely to be useful given the large area
of the pleura, particularly if there are no significant
abnormal areas visualized.38

Video-assisted thoracoscopic surgery (VATS) is
particularly useful if the patient has a loculated
pleural cavity that requires surgical division of ad-
hesions to allow full inspection of the pleura. VATS
also permits sampling of the lung, pericardium,
and mediastinal pleura, which is not usually safe
to perform during pleuroscopy.
BIOMARKERS

Much work has been done to search for MPM bio-
markers that could provide potential diagnostic,
prognostic, and disease/response monitoring



Fig. 7. Ultrasound-guided percutaneous pleural
biopsy.
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values. However, none of the biomarkers investi-
gated are sensitive or specific enough to be used
in isolation.

Soluble mesothelin is a glycoprotein highly
expressed in MPM cells and can be detected in
serum, pleural fluid, and urine.39–41 High mesothe-
lin levels in pleural fluid and serum are strongly
suggestive of mesothelioma but can also occur
in a small percentage of metastatic cancers;
normal mesothelin levels do not exclude dis-
ease.40 Data to date do not justify its use as a
screening tool for MPM. Mesothelin has been
approved for use in treatment monitoring and is
best for epithelioid disease and in patients without
renal dysfunction (as mesothelin is renally
excreted). An elevated (blood or pleural fluid) mes-
othelin level in a patient with unexplained pleural
effusion/thickening demands further investiga-
tions even if initial cytology or biopsies are
nonmalignant.39–41

Manyothermarkers havealsobeen investigated.
Osteopontin has a poor sensitivity for MPM, as it
can be raised in lung, breast, and colonic malig-
nancies, and not suitable for disease monitoring.42

Its role in prognostication requires further valida-
tion.42 The initial promising results of fibulin-3 in
diagnosis of MPM has failed to be reproduced by
other investigators.42,43 Hyaluronic acid levels are
raised in pleural fluid and has shown promising
diagnostic value (especially when combined with
pleural mesothelin levels to increase overall speci-
ficity).42 Higher levels were correlated with signifi-
cantly better survival.42 Serum and pleural fluid
vascular endothelial growth factor (VEGF) levels
were elevated in MPM, but have not reached suffi-
cient accuracy for clinical use.42

STAGING

Different staging systems have been proposed for
MPM, such as the tumor-nodal-metastasis (TNM)
system from the International Association for
Study of Lung Cancer and International Mesothe-
lioma Interest Group.17,21 Many of the systems
were designed to aid planning of surgery (which
have not been shown beneficial in randomized tri-
als), and involved invasive or expensive staging in-
vestigations (eg, MRI) not otherwise required for
clinical care and do not impact clinical manage-
ment. Future design of staging systems needs to
take into consideration the unique nature of
MPM, such as its diffuse pleural involvement
(rather than a discreet tumor mass such as in
lung or breast cancers), difficulty of imaging based
on its location, and its multifocal nature (and het-
erogeneity even within individuals).
PROGNOSIS

MPM is a universally fatal cancer. Reported sur-
vival rates vary depending in part on how survival
is defined (eg, from date of onset of symptoms,
first medical presentation, histologic confirmation,
or date of first treatment) and nature of the cohort
(those enrolled in clinical, especially surgical trials,
are likely to be “fitter” with better expected sur-
vival). Overall, a median survival in the range of
8–14 months is often cited, with an estimated
41% 1-year and 12% 3-year survival rate.18 Treat-
ment has not made dramatic impact on survival
(see sections later in this article).

Various predictive factors (often in isolation)
have been published. Generally speaking, histo-
logic subtype (epithelioid has significantly better
prognosis than sarcomatoid MPM) and perfor-
mance status are most important.16,18 The Brim
tree can be used to categorize patients’ estimated
survival into 4 groups depending on performance
score (Eastern Cooperative Oncology Group), his-
tologic subtype, weight loss, and reduced hemo-
globin and albumin levels.44 Other comorbidities,
presence of chest pain, and high inflammatory
markers have also been associated with poorer
prognosis.17 Clinicians must be cautious that sig-
nificant individual variations exist and any prog-
nostic algorithm can only serve as a rough guide.

Numerous histologic features have been re-
ported to have prognostic significance (eg, BAP-
1 loss, homozygous deletion of CDKN2A, high
mitotic counts, PDL-1 expression) but have no
clinical applications at present.16 Many of these
features are confounded by histologic subtype,
and parameters measured may vary within individ-
uals from biopsies to biopsies.
TREATMENT

MPM remains an incurable cancer despite de-
cades of attempts with various therapeutic



Fig. 8. Malignant mesothelioma catheter tract metas-
tases (arrow).
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modalities, singly or in combination. Several fea-
tures of MPM separate it from other solitary tumors
and make it refractory to conventional therapies.
MPM arises not as a solitary tumor but numerous
foci of disease along the pleura and tumor infiltra-
tion of the underlying tissues (and lung) are com-
mon. In the absence of curative therapies,
treatment should be individualized and take into
consideration patients’ baseline condition (eg,
performance status) and personal wishes.
Surgery has not provided a cure because of the

widespread nature of disease involvement of all
the pleural surfaces, and often their underlying
structures. Radical surgical resections have been
attempted, the most common approaches being
extrapleural pneumonectomy (EPP) and pleurec-
tomy/decortication (P/D). EPP removes the entire
lung, pericardium, diaphragm, parietal pleura,
and regional lymph nodes, whereas P/D debulks
the pleural tumor with pleurectomy (and often the
diaphragm and pericardium) but spares the lung.
Only after many years of practice was EPP sub-

jected to scrutiny of a randomized controlled trial
(RCT), the Mesothelioma and Radical Surgery
(MARS) trial.45,46 Patients randomized to undergo
EPP suffered from extensive complications and
died (median) 5.5 months sooner than those who
did not have EPP. Meta-analyses have confirmed
that P/D incurs a lower morbidity and mortality
when compared with EPP.45 However, the Meso-
VATS multicenter RCT found no survival advan-
tage of P/D over talc pleurodesis in MPM.47 P/D
was associated with prolonged air leak and hospi-
tal stay. Current evidence, therefore, does not
support the use of radical surgery for MPM, except
in the setting of clinical studies.
Important lessons must be learned. Facing an

incurable cancer with poor outlook, patients are
often desperate to try any new/experimental treat-
ments proposed; however, these treatments must
still undergo vigorous scientific examination
before they should be offered as a routine prac-
tice. Interventions always have risks/complica-
tions and, as in the case of EPP, treatment can
bring more harm than no treatment.
Radiotherapy has been evaluated in MPM in

several settings. Adjuvant hemithoracic radio-
therapy has been included in multimodality treat-
ment either as part of neoadjuvant therapy
before EPP or used postoperatively. Observational
series enrolling highly selected patients with early-
stage MPM have provided better overall survival
than historical controls, but is likely confounded
by selection bias and requires confirmation with
randomized trials. Intensity modulated radio-
therapy (IMRT) has advantages over conventional
radiotherapy and is now incorporated in
multimodality studies, such as the IMPRINT study
in which IMRT was combined with P/D and induc-
tion chemotherapy and showed survival rates of
80% and 59% after 1 and 2 years, respectively.48

Other studies have investigated the use of IMRT
followed by EPP (in the Surgery for Mesothelioma
after Radiotherapy trial).49 Newer radiotherapy
technologies, such as proton therapy and Arc ther-
apy, are also being explored.50,51

Prophylactic radiotherapy following pleural in-
terventions to prevent procedural tract metastases
in MPM was first suggested by a small RCT of 40
patients, and became routine practice in many
centers.52 However, no significant benefits were
found in 4 subsequent RCTs of prophylactic radio-
therapy, including 2 large multicenter studies that
enrolled 578 patients combined.53,54 Importantly,
in the SMART trial, the incidence of symptomatic
procedural tract metastases was only 9% in the
control (no radiotherapy) group (vs 16%) and
adequate symptom control was achieved with
radiotherapy when tract metastases developed.54

Prophylactic radiotherapy is therefore no longer
recommended. Instead, patients should be
advised to look out for early signs of needle tract
metastases, especially if associated with symp-
toms, when radiotherapy should be considered
(Fig. 8).
Local radiotherapy for palliation of symptoms

(eg, pain from tumor erosion of ribs) should also
be used for MPM as for other solitary tumors in
suitable circumstances.
Systemic therapy is the only treatment modality

that has shown survival (albeit modest) benefits for
MPM. Even so, only 4 treatments out of numerous
experimental therapies tested have proven to pro-
long survival in RCTs.
Combination cisplatin-pemetrexed remains the

standard-of-care treatment since Vogelzang and
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colleagues55 showed, in 2003, an increased me-
dian overall survival of 2.8 months, longer time to
progression of 1.8 months, and 25% increased
response rate in an RCT (n 5 456 patients) when
compared with cisplatin alone. Raltitrexed, with
cisplatin, showed similar survival benefits in a
separate RCT, confirming a class effect of the mul-
tifolate agents. It was not until 2016 that further
improvement in survival was demonstrated. The
MAPS randomized trial (n 5 448) showed that
addition of bevacizumab (an anti-VEGF agent) to
pemetrexed-cisplatin further increased the me-
dian survival to w19 months compared with
pemetrexed-cisplatin alone (16 months).56

Combination immunotherapy has provided the
latest advances in treatment of MPM. In the
CheckMate 742 RCT, 605 patients were random-
ized to combination ipilimumab and nivolumab or
pemetrexed-cisplatin chemotherapy.57 Dual
immunotherapy provided greater response rates
(32% vs 8%) and improved median survival (18.1
vs 14.1 months; P 5 .0020) over chemotherapy.57

The benefits were particularly pronounced in non-
epithelioid disease, providing for the first time a
major improvement for patients with sarcomatoid
MPM. Grade 3 to 4 treatment-related adverse
events were similar (30% vs 32%) between the
groups.

Combining immunotherapy and chemotherapy
represents another possible approach. A single-
arm phase II (DREAM) trial showed promise
combining pemetrexed-cisplatin chemotherapy
with durvalumab as front-line treatment.58 Valida-
tion is under way with an RCT.

Use of immunotherapy as second-line therapy
has not been as promising. The PROMISE-
MESO phase III trial investigated pembrolizumab
monotherapy against single-agent chemotherapy
in relapsed MPM but did not show significant
improved survival.59 The CTLA-4 antibody, treme-
limumab, showed promise in a phase II trial as
first-line therapy but use in progressive MPM
was shown to be nonsuperior to placebo (DETER-
MINE study).60 The MAPS2 phase II trial (n 5 125
patients who had progressed on chemotherapy)
found nivolumab-ipilimumab produced slightly
better disease control (50% vs 44% at 12 weeks)
and 1-year survival (58% vs 49%) over nivolumab
alone.61 Nivolumab, a PD-L1 checkpoint inhibitor,
as a second-line agent (NivoMes) and third-line
agent (MERIT) showed early potential for stabiliz-
ing progressive MPM disease.62 Alternatives
such as nintedanib were added to chemotherapy
in the LUME-Meso trial but also did not improve
survival.62

Different treatment targets, such as histone
deacetylase, arginosuccinate synthetase-1, and
focal adhesion kinase, have been explored in me-
sothelioma but have not translated into significant
disease response.50,62 Early-phase work manipu-
lating mesothelin has shown promising results,
with BAP-1, TP53, and CDKN2A mutations also
being investigated.42,54,63 Vaccines have also
been assessed against Wilms tumor-1 (WT-
1).42,54,63 Chimeric antigen receptor T-cell therapy,
dendritic cell therapy, and oncolytic viruses
against MPM are being explored.42,54,63
SYMPTOM PALLIATION

In the absence of curative therapies, the goal of
MPM care is primarily symptom control. Palliative
care is an important aspect of MPM management.

Psychosocial support is critical to the patient
journey, but supportive care standards vary largely
among centers and remain a poorly researched
area of MPM. An early, open discussion is essen-
tial of the incurable nature of the disease, its prog-
nosis, and likely progressive physical deterioration
with associated psychosocial and social stresses.

Clinicians need to beware of unique psychologi-
cal issues that patients withMPMmust endure, not
seen in other cancers. The long lag time since
asbestos exposure means many patients have
lived anxiously for decadesworrying about disease
development. Many may have seen coworkers die
of MPM; these encounters often shape their choice
of therapies. Anger that they were subjected to
occupational risks of asbestos without protection
at their workplace is common. Some were even
told asbestos was not harmful. Compensation pro-
ceedings can be protracted and stressful.

A systematic review of psychosocial assess-
ment of patients with MPM showed that patients
and caregivers wanted improvements in the deliv-
ery of the diagnosis, emotional support and
empathy, patient-centered treatment, honest in-
formation their disease progression, and how/
when death would occur. Patients generally
welcome the input of palliative care teams, and
their expertise is important to provide holistic
care that covers pharmacologic and nonpharma-
cological interventions to optimize quality of life
(QoL). Interestingly, the recent RESPECT-Meso
trial showed routine early referral of all patients
with MPM to specialist palliative care was not su-
perior to standard practice (referral when clinically
deemed needed).64 Many possible explanations
exist; for example, enrolling centers in the study
often had well setup patient support adequate to
provide high standard care.

Nutritional support is important in MPM, although
seldom investigated. In a recent study of 61 pa-
tients with MPM, 44% were pre-sarcopenic and
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38% were malnourished.65 Pre-sarcopenia was
associated with poorer activity levels, whereas
malnutrition was associated with poorer QoL. In
the largest postmortem study of MPM (n 5 318),
we found that no precise cause of death could be
determined in 63 (19.8%) cases even after post-
mortem.19 The body mass index was significantly
lower in these cases (18.8 � 4.3), compared with
those with identifiable anatomic cause of death
(21.0 � 4.7), raising the possibility of metabolic
contribution to the cause of death.
In malignant pleural effusions, breathlessness is

the most common symptom at presentation;
hence, long-term pleural effusion control to mini-
mize symptoms and preserve QoL is important.
There are many myths about breathlessness and
pleural effusion that are worth noting. Breathless-
ness is typically related to the increased work of
breathing as a result of the pleural effusion; in
particular, themechanical disadvantages that arise
fromexpansionof the hemithorax to accommodate
the fluid and the weight of the effusion.66 The
recently published PLeural Effusion and Symptom
Evaluation (PLEASE) study evaluated 150 patients
with moderate-to-large pleural effusions before
and after pleural fluid drainage (median 1.7 L) and
found that removal of the fluid brought symptom re-
lief in approximately three-quarters of the cohort
(but not everyone).67 Improvement in vital signs
(including oxygen saturation) were modest
comparedwith the symptombenefits. Hence, clini-
cians must look for alternative causes (eg, pulmo-
nary emboli) of breathlessness in patients who
present with significant hypoxemia or in patients
who do not have symptomatic improvement after
pleural fluid drainage. Diaphragmatic dysfunction
(presumably from the weight of the effusion) was
common and improved quickly after drainage. Pa-
tients with more severe breathlessness and those
with diaphragmatic changes were more likely to
enjoy improvement in dyspnea.
In patients with very short expected survival and

those with slow fluid recurrence, intermittent ther-
apeutic thoracentesis can be an option. In others,
creation of pleurodesis or insertion of an indwelling
pleural catheter (IPC) for long-term ambulatory
drainage are common options. The recent IPC-
Plus study suggested the two can be combined
to provide the best benefits.68

Pleurodesis can be attempted by instillation of
pleurodesing agents (most commonly talc) via a
chest tube (or IPC) or by thoracoscopic (medical
or surgical) pleurodesis. Three RCTs have shown
no advantage of VATS pleurodesis over bedside
talc slurry instillation.18 A recent large (n 5 330)
RCT also found similar success rates between
pleurodesis using talc poudrage during medical
thoracoscopy compared with chest tube talc slurry
pleurodesis.18 In a study specifically of malignant
effusion in patients with malig pleural effusion
(n 5 390), surgical pleurodesis showed no advan-
tage over bedside chemical pleurodesis in efficacy
(with failure rates of 32% vs 31%, respectively),
survival, or total time spent in hospital until death.18

No clinical, biochemical, or radiographic parame-
ters adequately predict pleurodesis outcome.
IPC is rapidly developing as a treatment option

for malignant effusions, including those from
MPM. Two RCTs, namely the Therapeutic Inter-
vention of Malignant Effusion (TIME)-2 (n 5 106
patients with MPE) and the Australasian Malignant
PLeural Effusion (AMPLE) trial (n 5 146 patients;
38 with mesothelioma) have shown that IPC
offered significant improvement in dyspnea relief
and QoL scores from preintervention, and the
extent of benefits were similar between IPC and
chest tube pleurodesis.69,70 The AMPLE trial
further showed that IPC significantly reduced pa-
tients’ lifetime hospitalization days by a mean of
3.6 days.69 Importantly the need for additional ipsi-
lateral pleural procedures was significantly
reduced to 4% (vs 22% in those treated with talc
slurry pleurodesis). The latest malignant pleural
effusion guidelines from the American Thoracic
Society (endorsed by the Society of Thoracic Sur-
geons and Society of Thoracic Radiologists)
included IPCs as an alternative to chest tube slurry
pleurodesis as front-line definitive therapy.71

Recent studies have further optimized the use of
IPC. Two RCTs found that daily IPC drainage im-
proves the likelihood of spontaneous pleurodesis
compared with symptom-guided (AMPLE-2 trial)
or alternate day drainage (ASAP trial).72,73 In the
AMPLE-2 trial (n 5 87; 29 had MPM), daily
drainage was also associated with better QoL
scores measured by EuroQuol-5 Dimension
5 L.73 The IPC-PLUS trial (n 5 154; 23 had MPM)
showed that talc slurry can be instilled via the
IPC and significantly increased rates of achieving
pleurodesis (when compared with placebo) and
with better symptom scores and QoL measures.68

IPC also remained the recommended choice of
treatment for those with nonexpandable lung as
well as those who had failed pleurodesis (Fig. 9).
Complications with IPC use are also important to
recognize, including infections and catheter tract
metastases, with guidelines having been recently
released.74,75 IPC (with talc pleurodesis) has yet
to be compared with surgical (VATS) pleurodesis;
this is the subject of the ongoing AMPLE-3 RCT.
Pain syndromes in mesothelioma can have both

a somatic and neuropathic component depending
on the distribution of disease.76 This is important
to note for determining the optimal analgesia



Fig. 9. Nonexpandable lung with hydropneumo-
thorax and IPC.

� Detection of loss of BAP-1 protein by immu-
nohistochemistry and deletion of CDKN2A
by fluroscence-in-situ-hybridization are new
diagnostic tools for malignant pleural meso-
thelioma, and should be included wherever
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choice for patients. Somatic pain usually responds
to opioid analgesia, which can be initially intro-
duced using immediate-release doses to gauge
daily requirements and then converted to more
convenient extended-release formulations. Neuro-
pathic pain ismanagedusing antiepileptics such as
gabapentin or pregabalin, or antidepressants such
as amitriptyline. Newer agents such as tapentadol
havealsoexhibited combinationeffects andcomes
in both instant andextended-release forms.Choice
of analgesic also can be determined by coexisting
symptoms such as night sweats, reduced appetite
or anxiety/depression (amitriptyline), uncorrectable
or distressingdyspnea (opioids), or need for control
of epileptic events (gabapentin/pregabalin). Local-
ized pain can be assisted by corticosteroid if felt to
be related to progressive disease and tumoral
edema, but radiotherapy also can be considered,
as discussed previously.77 Interventional options
including nerve blocks or intrathecal analgesia are
considered when pain is refractory to the afore-
mentioned oral or despite escalation to subcutane-
ous medication infusions. Surgical techniques
such as cervical cordotomy have also been shown
to provide safe and effectivemesothelioma-related
pain control but can be limited in its availability.78
appropriate to enhance diagnostic yield and
accuracy.

� Dual agent immunotherapy (nivolumab and
ipilimumab) has been found to significantly
improve survival, particularly in sarcoma-
toid-containing mesothelioma.

� Prognosis remains poor and symptom man-
agement, especially breathlessness secondary
to malignant pleural effusions, is important
to maintain quality-of-life.
FUTURE DIRECTIONS

MPM is a cancer of a clear cause; banning of
asbestos to prevent future generations of patients
is the top priority. Asbestos is a cheap and effec-
tive insulation material and its global use continue
to grow rather than reduce, according to the World
Health Organization data. Clinicians are therefore
likely to continue to encounter MPM. However,
the global epidemiology of MPM is changing,
and public health and research directions must
respond accordingly. In developed countries, the
demographics are changing. Because of
increasing population longevity, a growing number
of elderly patients are diagnosed with MPM from
exposure many decades ago. These patients are
generally not fit for aggressive therapies (eg, sur-
gery or chemotherapy). The number of younger
patients is decreasing rapidly because of prohibi-
tion of asbestos use.3 On the contrary, MPM is ris-
ing in many developing countries where clinicians
have relatively limited expertise in its diagnosis
and management. To have an effective impact
on these patients, new treatments need to be
affordable and techniques must be available in
resource-limited regions.

New experimental therapies for MPM have often
been applied to patients without rigorous investi-
gations, and apparent benefits are often
confounded by selection bias. Clinicians must be
mindful that these unproven therapies can pro-
duce more harm (eg, EPP) than benefits. Global
collaborations are important to evaluate new diag-
nostic and therapeutic methods in the fastest way.
It is encouraging to see a growing trend of sharing
of biobank samples and increasing number of
multinational clinical trials.

Until a cure is found, best supportive care re-
mains a key part of MPM management. Control
of symptoms, for example, weight loss, fatigue,
and reduction in physical activities deserve more
investigations. Although all clinicians and patients
recognize that psychological support is important,
its best delivery requires research and interven-
tions that are clinically evaluated.
CLINICS CARE POINTS
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Pneumothorax
Classification and Etiology
Nai-Chien Huan, MBBS, MRCPa, Calvin Sidhu, MBBS, FRACPb,c,
Rajesh Thomas, MBBS, PhD, FRACPc,d,*
KEYWORDS

� Pneumothorax � Smoking � Primary pneumothorax � Secondary pneumothorax
� Diffuse cystic lung disease

KEY POINTS

� Pneumothorax can develop because of diverse etiologies; in many cases, no specific cause may be
identified.

� Tension pneumothorax is a pathophysiologic, not a radiologic, diagnosis.

� Patients with primary spontaneous pneumothorax may have lung abnormalities that are not
apparent on chest radiographs. Tobacco smoking is the most important risk factor.

� Chronic obstructive pulmonary disease is the most common underlying lung disorder associated
with secondary spontaneous pneumothorax.Recurrent pneumothorax is common in diffuse cystic
lung diseases.

� The exact pathogenetic mechanisms of spontaneous pneumothorax development are unknown.
An interplay between lung-related abnormalities and environmental factors is likely in most cases.
INTRODUCTION

Pneumothorax is a common clinical problem
worldwide.1 Pneumothorax is defined as presence
of air in the pleural cavity. It can develop second-
ary to diverse etiologies including traumatic, in-
flammatory, infective, malignant, genetic, and
hormonal causes; in many cases, the lung appears
normal and there may be no recognizable underly-
ing lung abnormality. The severity of clinical man-
ifestations in a patient with pneumothorax ranges
from asymptomatic to life-threatening, and may
be disproportionate to pneumothorax size. In this
review, we provide an overview of the historical
perspective, epidemiology, classification, and eti-
ology of pneumothorax. We also explore current
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knowledge and understanding of underlying risks
and pathophysiologic mechanisms that lead to
development of pneumothorax.

HISTORICAL PERSPECTIVE

Pneumothorax has been long recognized since the
days of Hippocrates (circa 460–370 BC). Ancient
Greek physicians would listen to a “succussion
splash,” elicited by vigorously shaking the pa-
tient’s chest, to diagnose the presence of a hydro-
pneumothorax. The native Americans had learned
that a single arrow into the chest of a North Amer-
ican bison could quickly incapacitate it during
hunting. Unlike most mammals, the bison has a
single pleural cavity because of an incomplete
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mediastinum, making it vulnerable to bilateral ten-
sion pneumothoraces following a penetrating
injury in one hemithorax (Fig. 1).
The term “pneumothorax” (a Greek composite

word derived from “pneuma – air” and “thorax –
chest”) was first coined in 1803 by JeanMarc Gas-
pard Itard,2 a French physician and student of
Rene Laennec (1781–1826). Laennec3 would later
describe the clinical and anatomic details of pneu-
mothorax in 1819. Most cases of pneumothorax
were initially believed to be secondary to pulmo-
nary tuberculosis.4 Kjaergaad5 in 1932 provided
the first modern description of primary sponta-
neous pneumothorax (PSP) wherein he made a
clear distinction of “pneumothorax simple” (ie,
pneumothorax in young patients with no apparent
lung disease) versus pneumothorax secondary to
pulmonary tuberculosis. This distinction was
important because patients with pulmonary tuber-
culosis in those days would be confined long-term
in sanitoriums.
EPIDEMIOLOGY
Incidence

The reported incidence of pneumothorax varies
depending on study regions and may be lower
than the real incidence because of underreporting
and underdiagnosis in asymptomatic patients.
Epidemiologic studies have shown an overall inci-
dence of spontaneous pneumothorax of 16.8 per
100,000 population per year (24/100,000/year for
males; 9.8/100,000/year for females) in England.6

The incidence of spontaneous pneumothorax
from Sweden (Stockholm, 1975–1984) was lower
at 18/100,000/year in males and 6/100,000/year
in females.7 The age-adjusted incidence of PSP
and secondary spontaneous pneumothorax
(SSP) in the United States was 4.2 and 3.8 per
100,000 population per year, respectively.8

The peak incidence of spontaneous pneumo-
thorax shows a clear bimodal distribution: PSP is
most commonly seen in patients between 15 and
34 years and the incidence of SSP is highest in pa-
tients older than 55 years.6 The incidence of pa-
tients with pneumothorax who need
hospitalization is reported to be 11.1 per 100,000
population per year (16.6/100,000/year for males
and 5.8/100,000/year for females).6 The annual
cost of spontaneous pneumothorax management
in the United States is estimated to be $130
million.9

The incidence of asymptomatic pneumothorax
is harder to assess. One retrospective study that
reviewed 101,709 chest radiographs performed
during routine medical check-ups of university stu-
dents in Tokyo, Japan reported a pneumothorax
incidence rate of 0.042% (0.050% in males vs
0.018% in females).10 Although asymptomatic,
50% of these affected students had moderate-
severe pneumothorax on chest radiograph
(defined as lung collapse >10% of hemithorax).

Recurrence

Recurrence of pneumothorax following an initial
episode is common; this necessitates pneumo-
thorax management plans to consider the likeli-
hood of recurrence and need for recurrence
prevention interventions. The reported rates of
recurrence following spontaneous pneumothorax
is highly variable because of heterogeneities in
protocols, population, treatment algorithms, and
follow-up periods in different studies.11 Long-
term follow-up studies show PSP recurrence rate
ranging between 16% and 52%.11–14 One age-
stratified longitudinal epidemiologic study from
Taiwan reported a PSP recurrence rate of
23.7%15 and a similar study from France had a
PSP recurrence rate of 28%; most pneumothorax
recurrence was seen in the first year following the
index episode.16 A recent systematic review (29
studies involving 13,548 patients) reported similar
findings of overall PSP recurrence rate of 32%
(29% 1-year recurrence)14; recurrence was three
times more among females (odds ratio, 3.03) and
smoking cessation reduced recurrence risk by
four-fold (odds ratio, 0.26).
Recurrence is higher in SSP (40%–56% in

different studies)17,18 and occurs earlier, usually
within 6 months of the initial episode.19 The risk
of multiple subsequent pneumothorax episodes,
without prevention intervention, also remains.12

In one retrospective study by Voge and Anthracite,
28% patients had a second episode, 23% had a
third episode, and 14% developed a fourth
episode of spontaneous pneumothorax.20

CLASSIFICATION OF PNEUMOTHORAX
Classification by Size

Several methods have been described to measure
and classify pneumothorax size. Light index calcu-
lates pneumothorax size from the ratio of cubed
diameters of collapsed lung and hemithorax on a
chest radiograph (pneumothorax size [%] 5 100
� [1 � average lung diameter3/average hemi-
thorax diameter3]) and shows good correlation
with the volume of air removed (Fig. 2).21 Collin for-
mula to estimate pneumothorax volume from a
chest radiograph was derived based on helical
computed tomography (CT) volumetrics22 and
uses three interpleural distances measured at
specified points (a, b, and c); the estimated pneu-
mothorax volume is calculated by formula



Fig. 1. Chest radiograph of a patient who developed bilateral pneumothorax (A) following computed tomogra-
phy (CT)-guided lung biopsy of a right lower lobe nodule (B). Sternotomy wires from a previous coronary artery
bypass graft are noted. The coronary artery bypass graft surgery resulted in communication between right and
left pleural cavities across the mediastinum leading to bilateral pneumothorax following right lung biopsy. Chest
radiograph performed 2 hours after placement of an intercostal catheter in the right pleural cavity shows
improvement of pneumothorax on both sides (C).

Pneumothorax: Classification and Aetiology 713
Y5 4.21 (4.7 � [a1 b1 c]) (Fig. 3). CT scans us-
ing three-dimensional measurements are more ac-
curate than chest radiographs in calculating
pneumothorax size.

Several international guidelines recommend
assessing pneumothorax size using chest radio-
graph measurements to guide treatment interven-
tions. The Spanish Society of Pulmonology and
Thoracic Surgery23 classifies pneumothorax,
based on morphologic and anatomic criteria, into
(1) partial pneumothorax, when the visceral pleura
is only partially detached from the chest wall, such
as in isolated apical pneumothorax; (2) incomplete
pneumothorax, when both visceral and parietal
pleurae are fully separated from apex to base but
Fig. 2. Light method to measure pneumothorax vol-
ume: Pneumothorax % 5 100 � [1-b3/a3].
without causing complete lung collapse; and (3)
complete pneumothorax, for total lung collapse
(Fig. 4). The American College of Chest Physicians
(ACCP) pneumothorax guidelines classify pneu-
mothorax size depending on the distance from
the apex of the collapsed lung to the ipsilateral
thoracic cupola.9 This distance is greater
than 3 cm with a large pneumothorax and less
than 3 cm with a small pneumothorax (Fig. 5).
This method can lead to overestimation of pneu-
mothorax size with a predominantly apical pneu-
mothorax. The British Thoracic Society (BTS)
pneumothorax guidelines classify pneumothorax
size based on the interpleural distance measured
at the level of the hilum.24 The interpleural distance
is less than 2 cm in a small pneumothorax and cor-
relates with a pneumothorax occupying less than
50% of the hemithorax volume (Fig. 6).24,25 Inter-
pleural distance of greater than 2 cm helps to iden-
tify a pneumothorax that could be drained safely
by needle or chest drain decompression without
causing lung injury.26

There is poor agreement between international
guidelines and studies of pneumothorax size and
management strategies. A study comparing the
BTS, ACCP, and Belgian Society of Pulmonology
guidelines showed agreement in only 47% of
cases.27 A different study showed that adherence
in a UK hospital to the BTS guidelines was seen in
70% of PSP cases and to ACCP guidelines in
32%, and resulted in conflicting management rec-
ommendations depending on the guidelines
used.28 A pneumothorax typically resolves by
2% per day without intervention29 and therefore,
it was believed that a large pneumothorax is best
treated by pleural drainage and rapid lung



Fig. 3. Collin formula: Pneumothorax volume 5
4.2 1 [4.7 � (a 1 b 1 c)].
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re-expansion. However, precise measurements of
pneumothorax size may not have as much clinical
value as previously thought with increasing evi-
dence suggesting that a symptom-driven man-
agement algorithm, rather than based on
pneumothorax size alone, might be more
beneficial.30,31
Classification by Pathophysiology and
Etiology

Pneumothorax is classified by underlying etiology
and pathophysiology; the clinical presentation,
pneumothorax progress or resolution, likelihood
of pneumothorax recurrence, and management
strategies can vary significantly (Box 1).24 Tension
pneumothorax is a rare, life-threatening condition
that develops when air trapped within the pleural
cavity under positive pressure leads to cardiopul-
monary compromise.32 Traumatic pneumothorax
Fig. 4. Left partial left pneumothorax (A). Left incomplete
results from direct injury to the chest wall or lung.
More commonly, pneumothorax occurs spontane-
ously without preceding injury or trauma. Sponta-
neous pneumothorax is broadly classified into
PSP and SSP; PSP occurs in patients with
“normal” lungs and no apparent abnormalities on
chest radiographs, whereas SSP develops in pa-
tients who have underlying lung disease.24

Tension pneumothorax
It should be emphasized that tension pneumo-
thorax is a pathophysiologic, and not a radiologic,
diagnosis because patients with a large pneumo-
thorax but without cardiopulmonary collapse often
get misdiagnosed to have tension pneumothorax.
Tension pneumothorax is rarely seen among
spontaneously breathing patients with PSP33 and
SSP. It is more likely to occur among patients
with traumatic pneumothorax and those receiving
positive pressure mechanical ventilation32; the
pneumothorax progresses rapidly because of
ongoing positive pressure ventilation to cause
cardiorespiratory collapse.32,34 It is important to
recognize tension pneumothorax because, unlike
large PSP and SSP that usually do not require im-
mediate drainage, tension pneumothorax requires
emergency decompression.34

Traumatic pneumothorax
Pneumothorax caused by injuries to the chest or
lung is classified as traumatic.35 Traumatic pneu-
mothorax may be iatrogenic, as a complication
following medical procedures or interventions;
and noniatrogenic, when caused by blunt or pene-
trating chest injuries, such as following motor
vehicle accident trauma and falls (Fig. 7).35,36

Greater than 10% of trauma patients may develop
blunt chest injury-related pneumothorax that is
associated with mortality rates of 5% to 20%37

from life-threatening hemothorax, tension pneumo-
thorax, and damage to surrounding major organs,
such as the thoracic aorta.35 Chest wall defects
pneumothorax (B). Left complete pneumothorax (C).



Fig. 5. The ACCP pneumothorax guidelines classify
pneumothorax size based on lung apex-cupola dis-
tance of <3 cm (small pneumothorax) or >3 cm (large
pneumothorax).
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from penetrating chest injuries allows external air to
be entrained into the pleural space during inspira-
tion leading to open traumatic pneumothorax.35

Noniatrogenic traumatic pneumothorax often
Fig. 6. The BTS pneumothorax guidelines classify
pneumothorax size based on interpleural distance of
<2 cm (small pneumothorax) or >2 cm (large pneumo-
thorax). Interpleural distance of >2 cm helps to iden-
tify a pneumothorax that could be drained safely by
needle or chest drain decompression without causing
lung injury.
requires management by thoracic and/or trauma
surgeons.

Iatrogenic pneumothorax develops following
complications from medical interventions, such
as transbronchial lung biopsy, transthoracic nee-
dle aspiration,38,39 lung cryobiopsy,40,41 central
vascular catheter insertion,42 pacemaker inser-
tion,43 thoracentesis,44 and barotrauma in me-
chanically ventilated patients (Fig. 8).36 Iatrogenic
pneumothorax may be difficult to identify in intu-
bated patients who develop barotrauma; the sub-
tle deep sulcus sign on supine chest radiographs
in these patients should be carefully looked for,
otherwise delayed diagnosis of pneumothorax
can result in significant morbidity and even death.
Rare cases of iatrogenic pneumothorax associ-
ated with chest acupuncture,45,46 colonoscopy,47

breast augmentation,48 and radiofrequency abla-
tion (Fig. 9) have also been reported.

The overall prevalence of iatrogenic pneumo-
thorax varies depending on the nature, frequency,
and setting of medical interventions being per-
formed. One study reported a 1.36% prevalence
of iatrogenic pneumothorax related to invasive
medical interventions, 57% of which were emer-
gency procedures.36 The most common causes
of iatrogenic pneumothorax are central venous
catheter insertions, thoracentesis, and mechanical
ventilation.49 Iatrogenic pneumothorax is more
prevalent in teaching hospitals compared with
nonteaching hospitals in the United States,50 ac-
counting for 56% of all pneumothorax cases
among inpatients.49

Procedure-, patient-, and operator-related fac-
tors mainly determine the likelihood of iatrogenic
pneumothorax (Box 2).

Primary spontaneous pneumothorax
Patients with PSPmay have underlying risk factors
and lung abnormalities that are not initially
apparent on chest radiographs. Tobacco smoking
is the single most important risk factor for
PSP.26,30 Up to 88% of patients with PSP are
smokers in large-scale observational studies.7 A
smoker, compared with nonsmokers, has a 9-
fold risk in females and a 22-fold risk in males of
developing PSP with a strong dose-response link
between the number of cigarettes smoked and
pneumothorax risk.7 Cannabis smoking also in-
creases risk of developing spontaneous pneumo-
thorax30,51,52 and is associated with development
of emphysematous changes and bullous lung dis-
ease.30,51 Height and male sex are both important
risk factors for PSP.8 PSP is three- to six-fold more
common in men than in women.8,33 It is hypothe-
sized that in tall men, pleural blebs may develop
because of greater mechanical stretching of lung



Box 1
Classification of pneumothorax by
pathophysiology

1. Tension pneumothorax

2. Traumatic pneumothorax

a. Iatrogenic pneumothorax

b. Noniatrogenic pneumothorax

3. Spontaneous pneumothorax

a. Primary spontaneous pneumothorax

b. Secondary spontaneous pneumothorax
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tissue in the apex during growth or because the
lung tissue in the apex grows faster than accom-
panying vasculature and outstrips its blood
supply.53
Secondary spontaneous pneumothorax
SSP can occur in association with many primary
lung diseases33 and systemic conditions with
lung involvement. Compared with PSP, patients
with SSP are typically older.6 The BTS pneumo-
thorax guidelines recommended including pa-
tients older than 50 years and/or those with
significant smoking history as having SSP, even
when the chest radiograph appears normal, in
view of their high likelihood of having underlying
lung pathology.24 Dyspnea is the most common
presenting feature in SSP unlike with PSP, where
patients commonly present with chest pain.33 Pa-
tients with SSP can rapidly develop cyanosis,
Fig. 7. Traumatic right-sided pneumothorax in an
elderly woman with displaced rib fractures (arrow)
following a fall.
hypoxemia, hypercapnia, and respiratory failure
because of poor lung reserve.33

Air enters the pleural cavity via various routes
including (1) alveolar and visceral pleural rupture
causing an alveolopleural fistula, such as with
emphysema and necrotizing pneumonia; (2) via
the lung interstitium; and (3) via the mediastinal
pleura causing a pneumomediastinum.33

Chronic obstructive pulmonary disease Chronic
obstructive pulmonary disease (COPD) is the
most frequent lung disease associated with
SSP.33,54 Data from a large English hospital data-
base that recorded all admissions for spontaneous
pneumothorax showed that 61% of cases were
caused by COPD and predominantly affected
males (73% vs 27% females)6; the proportion of
COPD as a cause for pneumothorax also
increased by 9% between 1968 and 2016. Another
study reported that 80% of all spontaneous pneu-
mothoraces requiring inpatient treatment were
caused by COPD, interstitial lung disease, and
malignancy.55

The most common mechanism for development
of spontaneous pneumothorax in patients with
COPD is by rupture of emphysematous blebs
and bullae.53 Patients with COPD, especially in
the presence of significant air-trapping and lung
hyperinflation, are also at increased risk of iatro-
genic pneumothorax from procedures, such as
central vascular catheter insertion, trans-thoracic
lung biopsy, and transbronchial lung biopsy.53

Tuberculosis Pulmonary tuberculosis is the most
common cause for SSP in endemic areas.56 Spon-
taneous pneumothorax occurs when a tubercu-
lous cavity ruptures into the pleural space or
from direct tuberculous invasion and necrosis of
lung parenchyma and visceral pleura.53 A long-
term follow-up study of 872 patients treated for
spontaneous pneumothorax in Gran Canaria,
Spain found the pneumothorax was tuberculosis-
related in 5.4%57; this may be higher in
tuberculosis-endemic areas. It is estimated that
0.6% to 1.4% of patients with pulmonary tubercu-
losis will develop SSP during the course of their
treatment.58,59 Tuberculosis-related pneumo-
thorax can lead to empyema, acute respiratory
failure, cachexia, and persistent bronchopleural
fistula.60 The overall burden of tuberculosis-
related pneumothorax is likely to be significant
because of the high incidence of tuberculosis
worldwide.

Other pulmonary infections SSP can develop
with typical and atypical pulmonary infections.
Common bacterial pneumoniae secondary to
Klebsiella, Staphylococcus, Pseudomonas, and



Fig. 8. Chest radiograph showing left-sided iatrogenic
pneumothorax that developed 2 hours following per-
manent pacemaker insertion.
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anaerobic organisms may result in unilateral
SSP,54 caused by direct invasion and necrosis of
lung and visceral pleura (Fig. 10). Pneumothorax
associated with Pneumocystis jirovecii pneumonia
(PCP) is commonly bilateral.61–63 Patients with
HIV64 infection and PCP are particularly at risk of
developing a pneumothorax (9% vs 2%–4% of
non-HIV patients with PCP).62,63 An aspergilloma
can rupture into the pleural cavity to cause pneu-
mothorax.65,66 The novel corona virus 2019
(COVID-19) infection is also associated with pneu-
mothorax (incidence of 1%); the 28-day survival in
this cohort was not significantly different to
COVID-19 patients without.67

Diffuse cystic lung disease Diffuse cystic lung dis-
ease (DCLD) is group of heterogenous lung dis-
eases with diverse pathophysiologic
Fig. 9. Chest radiograph showing iatrogenic right-sided pn
of right upper lobe tumor (A). CT scan of chest (axial an
breach of visceral pleura (arrows) caused by RFA leading
mechanisms and characteristic lung cyst pat-
terns on high-resolution CT (HRCT) imaging. The
diseases are individually rare but collectively
form a significant minority. They are broadly clas-
sified based on their underlying etiology into (1)
neoplastic, such as lymphangioleiomyomatosis
(LAM) and pulmonary Langerhans cell histiocyto-
sis (PLCH); (2) developmental, such as Birt-Hogg-
Dube (BHD) syndrome and neurofibromatosis; (3)
lymphoproliferative, such as lymphocytic intersti-
tial pneumonia; (4) infectious, such as P jirovecii
and staphylococcal pneumonia; and (5)
smoking-related, such as smoking-related
PLCH.68 DCLDs with overlapping features may
be included in multiple categories.

The characteristic cystic patterns of different
DCLDs are often diagnostic. The cysts develop
following inflammatory or infiltrative destruction
and/or replacement of alveolar septa, small air-
ways and blood vessels in the secondary lung lob-
ules. Spontaneous pneumothorax, often recurrent,
is the presenting manifestation in greater than
50% of cases in many DCLDs; early diagnosis of
DCLDs at this stage has therapeutic implications
in cases where the natural disease course is modi-
fiable with pharmacologic and nonpharmacologic
interventions, such as sirolimus in LAM and smok-
ing cessation in PLCH.

Lymphangioleiomyomatosis LAM is caused by
infiltration of the lung by smooth muscle cells
that are growth-activated by mutations in the tu-
berous sclerosis genes and spread through blood
and lymphatics.69,70 Infiltration and destruction of
airways, lymphatics, and blood vessels by the
smooth muscle cells lead to the formation of
thin-walled, uniformly distributed lung cysts
(Fig. 11A, B).71 Cyst rupture results in recurrent
pneumothorax. LAM is often not recognized to
be the cause for pneumothorax in young patients
eumothorax following radiofrequency ablation (RFA)
d coronal views) shows a bronchopleural fistula and
to iatrogenic pneumothorax (B, C).



Box 2
Factors associated with iatrogenic
pneumothorax

1. Procedure-related

a. Elective versus emergency procedure

b. Intervention type

i. Involving lung: transbronchial lung bi-
opsy and trans-thoracic needle biopsy
have higher risks

ii. Not involving lung: pacemaker and
central vascular catheter insertion
have a lower risk

iii. Number of biopsies

iv. Biopsy needle size

c. Imaging guidance (versus not)

i. CT for trans-thoracic approaches

ii. Ultrasound for central vascular cath-
eter insertion and thoracentesis

2. Patient-related

a. Patient anatomy: body mass index, previ-
ous interventions at same site, scarring

b. Uncooperative or restless patient

c. Underlying lung disease: severe emphy-
sema, bullous lung disease

3. Operator-related

a. Experience

b. Skill

Fig. 10. CT chest (axial view) shows necrotizing lung
abscess with bronchopleural fistula (arrow) in the
left upper lobe causing spontaneous pneumothorax.
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and without an HRCT scan, pneumothorax in pa-
tients with early LAM may be misdiagnosed as
PSP.
LAM can occur either as part of the tuberous

sclerosis complex LAM or sporadically in patients
without tuberous sclerosis; the latter almost al-
ways develops in females of childbearing age.72

In addition to spontaneous pneumothorax, LAM
is associated with angiomyolipoma (Fig. 11C),73

lymphangiomyoma, chylous ascites, and chylous
pleural effusions. LAM is diagnosed based on the
characteristic cystic pattern on CT, without
needing a lung biopsy, when it is associated with
tuberous sclerosis, angiomyolipoma, or chylo-
thorax,74 or when the serum vascular endothelial
growth factor (VEGF)-D level is greater than 800
pg/mL.75

Pulmonary Langerhans cell histiocytosis PLCH is
most commonly seen in young smokers; 10% to
20% of patients with PLCH develop a spontaneous
pneumothorax.76,77 PLCH is characterized by peri-
bronchiolar accumulation of Langerhans cells that
are specialized dendritic cells regulating mucosal
airway immunity and activated by cigarette
smoke–induced cytokine mediation.78,79 The char-
acteristic HRCT pattern is of nodular and cystic ab-
normalities, predominantly in the upper and middle
lung zones (Fig. 12). The bizarrely shaped cysts are
different to the uniform, thin-walled cysts seen with
most other DCLDs. Smoking cessation and avoid-
ance of second-hand smoke may result in stabiliza-
tion and resolution of PLCH.

Birt-Hogg-Dube Syndrome BHD is an autosomal-
dominant disorder characterized by the triad of
hair follicle and renal tumors, and pulmonary cysts
that typically manifest in the fourth to fifth
decade.80 Patients with BHD have a 50-fold risk
of developing pneumothorax compared with the
general population81 and a 75% pneumothorax
recurrence rate.82 BHD may be more common
than initially believed with studies reporting 5%
to 10% prevalence in young adults presenting
with pneumothorax.83,84 Cyst rupture results in
pneumothorax formation; however, pneumothorax
in the absence of cysts is also reported.85 BHD is
caused by mutations in the FLCN gene, which en-
codes folliculin, a tumor suppressor protein. Cyst
formation in BHD occurs following activation of
the mTOR pathway causing adhesion protein de-
fects that damage the alveolar-septal junction.86

The characteristic pattern in BHD is of variably
sized, round-lentiform-shaped, thin-walled cysts
with a predominantly basal and subpleural distri-
bution (Fig. 13A–C).87 Renal tumors are seen in
greater than 25% of patients with BHD and require



Fig. 11. CT chest axial (A) and coronal (B) views showing characteristic thin-walled uniformly shaped and distrib-
uted cysts of LAM in a young female presenting with recurrent left-sided pneumothorax. CT abdomen (C) shows a
left-sided angiomyolipoma (arrow) in the same patient.
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active screening and surveillance. BHD should be
suspected in young patients with spontaneous
pneumothorax, skin lesions resembling folliculo-
mas (Fig. 13D, E), and renal tumors and in those
with a similar family history.

Other rare inherited and genetic disorders, such
as neurofibromatosis and Ehlers-Danlos syn-
drome, with characteristic DCLD patterns on
HRCT are also associated with high risk of sponta-
neous pneumothorax and recurrence (Fig. 14).

Pneumothorax in women of childbearing age The
overall incidence of pneumothorax is lower among
females; however, there are unique conditions that
present with recurrent spontaneous pneumo-
thorax and occur only, or predominantly, in women
Fig. 12. CT chest (axial view) showing characteristic
nodules and bizarrely shaped cysts, predominantly in
the upper and middle lung zones, in a young smoker
with PLCH.
of childbearing age.88,89 Based on clinical and
pathologic findings, pneumothorax in women of
childbearing age is classified into three groups:
(1) catamenial pneumothorax (with or without
endometriosis), (2) endometriosis-related nonca-
tamenial pneumothorax (pneumothorax occurring
outside the menstrual period but with pathologic
findings of endometriosis), and (3) idiopathic pneu-
mothorax (noncatamenial and nonendometriosis
with no underlying cause identified).90

Catamenial pneumothorax is associated with
the menstrual cycle and typically occurs within
72 hours before and after the onset of menstrual
period. Catamenial pneumothorax is likely under-
diagnosed; a study of menstruating women under-
going surgery for spontaneous pneumothorax
found a catamenial cause in 30%.91 It is usually
unilateral, predominantly on the right side, and
associated with thoracic and/or extrathoracic
endometriosis.92,93 Pneumothorax develops
when endometrial tissue in the lung and visceral
pleura ruptures. The endometrial tissue is thought
to reach the lung and pleura by intra-abdominal
migration, micrometastatic seeding, or lympho-
vascular spread. Endometriosis-related pneumo-
thorax can also develop following rupture of
pelvic endometriosis and transgenital or trans-
diaphragmatic tracking up of air through diaphrag-
matic defects into the pleural space.94 Single or
multiple fenestrations are present in the tendinous
part of the diaphragm and nodules are seen on the
diaphragmatic/visceral pleura (Fig. 15A–E). The
diaphragmatic defects may be missed at the
time of surgery unless carefully searched for;
without plication of the diaphragmatic defects,
pneumothorax can recur in patients with extra-
thoracic endometriosis.

The correlation between development of pneu-
mothorax to menstrual periods is not always



Fig. 13. CT chest axial (A, B) and coronal (C) views show round, lentiform-shaped, thin-walled cysts with a pre-
dominantly basal and subpleural distribution in a patient with BHD. BHD is associated with skin lesions formed
by folliculomas (D, E).
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apparent and the diagnosis of thoracic endometri-
osis may only be made when endometrial nodules
are seen at the time of surgery. The nodules have
glandular cells, endometrial stroma, and
hemosiderin-laden macrophages and test positive
for estrogen and progesterone receptors. CD10
staining on the resected specimen is useful to
identify endometriosis tissue following resection.
Another important diagnosis to consider in

young females presenting with recurrent pneumo-
thorax is LAM (described previously). 95

Miscellaneous causes Pressure swings secondary
to changes in atmospheric pressure during thunder-
stormsandwithhighaltitude,96 air pollution,97 expo-
sure to loud music,98 playing musical instruments,
and blowing of balloons99 have been reported to
cause spontaneous pneumothorax. Anorexia nerv-
osa has been found to be associated with pneumo-
thorax. The risk of developing subsequent
contralateral spontaneous pneumothorax is higher
among underweight patients; malnutrition of pneu-
mocytes may be a possible mechanism leading to
pneumothorax development.100,101 A higher blood
level of aluminum has been noted among patients
with spontaneous pneumothorax102 leading to the
postulation that aluminummightplaya role in forma-
tion of subpleural blebs and bullous lesions and
pneumothorax development.102
PATHOGENESIS

The exact pathogenesis and mechanisms of spon-
taneous pneumothorax remain unclear. Although it
was believed earlier that PSP occurs in patients
with no underlying lung abnormalities, several
factors have been identified that predispose to
pneumothorax development. An interplay of
lung-related abnormalities, such as subpleural
blebs (Fig. 16A–C) and bullae (Fig. 16D),26,103

visceral pleural porosity,104 emphysema-like
changes (ELCs),105 chronic small airway inflam-
mation,104,106 and abnormal levels of matrix metal-
loproteinases (MMP),107,108 and environmental
factors, such as smoking, is now thought to lead
to pneumothorax development and recurrence.



Fig. 14. CT chest axial (A, B) and sagittal (C) views showing skin neurofibroma nodules (arrows) in a patient with
neurofibromatosis and presenting with spontaneous right-sided pneumothorax.
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Blebs, Bullae, and Pleural Porosity

Pleural blebs and bullae are demonstrated in pa-
tients with PSP using advanced imaging tech-
niques, such as CT and fluorescein-enhanced
autofluorescence during thoracic surgery.
Resected lung specimens show features of inflam-
mation, disruption or absence of mesothelial cells,
and presence of micropores measuring 10 to
20 mm in diameter.104 How these then lead to
pleural bleb and bullae formation is unknown.30

It is also unclear whether these lesions are solely
responsible for air leak development109,110;
Fig. 15. CT chest axial (A) and sagittal (B) views showing su
metriosis in a patient with catamenial pneumothorax. Ultra
(C). Multiple reddish-brown endometrial nodules were se
thoracoscopic surgery (D, E).
multiple factors are likely involved. Air leak from
ruptured blebs and bullae is not always present
(3.6%–73%) during surgery for spontaneous
pneumothorax.111 Pneumothorax recurrence is
high (up to 20%) when only bullectomy, and no
surgical pleurodesis, is performed.112,113 Addi-
tional to visible blebs or bullae, the pleura may
also be abnormal with diffuse “pleural porosity.”
Fluorescein-enhanced autofluorescence assess-
ment during thoracoscopy in patients with PSP
can reveal abnormal areas of fluorescein leakage
on the visceral pleura even in areas that appeared
normal on white-light inspection.112
bpleural nodules (arrows) representing thoracic endo-
sound confirmed the presence of pelvic endometriosis
en on the diaphragmatic pleura during video-assisted



Fig. 16. CT chest axial (A) and coronal (B) views showing bilateral apical blebs (arrows). An apical bleb is seen on
direct visualization during video-assisted thoracoscopic surgery (C). CT chest (axial view) shows multiple large left
upper lobe bullae (arrows) and spontaneous secondary pneumothorax (D).
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Emphysema-like changes

ELCs are low density areas that are seen separate
to pleural blebs and bullae on CT lung imaging in
patients with PSP and believed to be caused by
early gas trapping and inflammation.114 The
mean lung density on lung parenchymal density
assessment with CT is lower among patients
with PSP and worse in smokers compared with
control subjects.105 Changes of emphysema
have also been observed in resected lung tissue
in PSP.105

Matrix Metalloproteinase

MMPs are a family of zinc-dependent enzymes
involved in wound healing, tissue remodeling,
and angiogenesis.115,116 Various types of MMPs
(eg, MMP-2 and MMP-9) are produced by bron-
chial epithelial cells, alveolar macrophages, and
type-II pneumocytes117; overexpressions of
MMP-2, MMP-7, and MMP-9 has been noted in
patients presenting with pneumothorax107,108,118

and may be independent risk factors.108 It is not
clear if cigarette smoking–related oxidative
changes and inflammation influence MMP
levels.108

Chronic Small Airway Inflammation

Chronic small airway inflammatory changes are
present in the lungs of patients with spontaneous
pneumothorax; it is unclear whether these inflam-
matory changes are simply smoking-related ab-
normalities or if they actually contribute to
pneumothorax development. Histologic findings
of postinflammatory fibrosis, chronic bronchiolitis
with pigmented macrophages and focal emphy-
sema, and respiratory bronchiolitis have been
noted in wedge resection specimens of patients
with recurrent or persistent spontaneous
pneumothorax.104,106,119
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FUTURE DIRECTIONS

Significant gaps in knowledge remain regarding
classification, pathogenesis, management, and
outcomes of pneumothorax. The current pneumo-
thorax classification of spontaneous pneumo-
thorax into PSP and SSP, based on clinical and
radiologic findings, is simplistic. With improved
understanding of the underlying pathogenetic
mechanisms, the distinction between PSP and
SSP as separate entities rather than the ends of
a continual disease spectrum has blurred. An
“ideal” future classification system should take
into consideration (1) patient risk factors and path-
ogenetic mechanisms, (2) underlying lung disease
and abnormalities on high-resolution imaging of
the lung, (3) patient symptoms and severity, and
(4) improved risk stratifications to guide interven-
tions and recurrence prevention. The role of
ELCs, hormonal markers and biomarkers, such
as CD10 levels in women of childbearing age,
and MMP-9 in pneumothorax development and
recurrence are important areas of research. Ad-
vancements in imaging technology and artificial in-
telligence algorithms may offer novel applications
to improve diagnosis and risk stratification in the
future.

CLINICS CARE POINTS
� Patients with primary spontaneous pneumo-
thorax may have underlying risk factors and
lung abnormalities that are not easily
apparent on initial chest imaging.

� Tension pneumothorax is a pathophysiologic,
NOT a radiologic, diagnosis.

� Tobacco smoking is the an important risk fac-
tor for both primary and secondary sponta-
neous pneumothorax.

� Recurrent spontaneous pneumothorax is a
common presenting manifestation in diffuse
cystic lung diseases.

� An interplay between lung-related abnor-
malities and environmental factors is the
likely pathogenetic mechanisms of sponta-
neous pneumothorax in most cases.
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Management of
Pneumothorax

Andrew DeMaio, MDa, Roy Semaan, MDb,*
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KEY POINTS

� Spontaneous pneumothorax is a relatively common condition and may present with a wide variety
of severity.

� Treatment of pneumothorax is based on symptoms, size, and the presence of underlying lung
disease.

� Conservative management of primary spontaneous pneumothorax is a reasonable alternative for
patients with limited symptoms and ability to follow-up.

� When tube thoracostomy is chosen, small-bore catheters (�14F) are preferred in a majority of
cases including patients on mechanical ventilation.
INTRODUCTION In general, treatment depends on severity of
Pneumothorax is a common medical condition
defined as the accumulation of air in the pleural
space. It can beencountered in both the emergency
department and inpatient medical setting, present-
ing in awidevariety of clinical presentations, ranging
from asymptomatic, when incidentally detected on
an imaging study, to life-threatening with hemody-
namic and respiratory compromise secondary to
tension physiology.

Pneumothorax is divided into 2 main categories:
traumatic and spontaneous. Traumatic pneumo-
thorax may be due to blunt or penetrating trauma
or may be iatrogenic from medical procedures
associated with visceral pleural injury. Classically,
spontaneous pneumothorax has been divided into
primary (ie, in the absence of underlying lung dis-
ease) and secondary (ie, associated with underly-
ing lung disease) etiologies.1 Although an arbitrary
distinction, this is often clinically relevant as sec-
ondary spontaneous pneumothorax (SSP) is often
not well-tolerated owing to limited cardiopulmo-
nary reserve.2
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symptoms (including dyspnea and chest pain),
the size of the pneumothorax, and clinical features
(including need for supplemental oxygen). Guide-
lines define size in various ways. For example,
the American College of Chest Physicians defines
a large pneumothorax as one where the apex-to-
cupola distance is at least 3 cm.3 Meanwhile, the
British Thoracic Society guidelines define a large
pneumothorax as one where the interpleural dis-
tance at the level of the hilum is at least 2 cm4

(Fig. 1).

PRIMARY SPONTANEOUS PNEUMOTHORAX

Because patients are often young and otherwise
healthy, primary spontaneous pneumothorax
(PSP) may present with minimal or absent symp-
toms. Guidelines suggest that symptoms, rather
than the size of the pneumothorax, should be the
primary determinant of treatment.4 Size is associ-
ated with the rate of resolution if treated conserva-
tively and should be considered when choosing
therapy. The risk of recurrence of PSP varies
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Fig. 1. Varying definitions of pneumothorax size. x 5
apex-to-cupola distance; y 5 interpleural distance at
the hilum. Large pneumothorax: x > 3 cm (American
College of Chest Physicians); y > 2 cm (British Thoracic
Society).
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widely across the literature, frequently cited as be-
tween 16% and 52%.5 A recent meta-analysis
suggested a recurrence rate of 32%, with a large
majority of these occurring within the first year.6

Although many factors may influence treatment
for pneumothorax and will be discussed further,
personalizing treatment based on risk of recur-
rence has been suggested as a way to optimize
treatment for this broad clinical entity.

First Episode

Three options exist after the first episode of PSP:
conservative management, simple aspiration,
and tube thoracostomy. An algorithm suggesting
management of PSP is shown in Fig. 2.

Conservative management
PSP may not cause significant respiratory symp-
toms, and tension pneumothorax from PSP is
extremely rare.7 Meanwhile, needle aspiration or
chest tube insertion can be painful and is associ-
ated with a small but finite risk of complications
including injury to surrounding organs (0.2%),
malposition (0.6%), empyema (0.2%), and drain
blockage (8.1%).8 Thus, if a patient does not report
dyspnea and the pneumothorax is small, conser-
vative therapy is the preferred management strat-
egy.4 Conservative therapy may also be chosen in
select patients with a large pneumothorax with
minimal symptoms.
The administration of supplemental oxygen by

face mask has been shown to increase the resorp-
tion of a pneumothorax by up to 4-fold.9 Thus,
administration by face mask at 10 L/min is sug-
gested with an observation period of 4 to 6 hours
followed by a repeat chest radiograph. If the pneu-
mothorax remains stable or decreases in size and
the patient does not report any significant symp-
toms, intervention may be deferred. Risk factor
modification should also be pursued. Patients
should be discouraged from airline travel or under-
water diving until at least 1 week after radiographic
resolution of spontaneous pneumothorax and
2 weeks after a traumatic pneumothorax.10 Smok-
ing is associated with the risk of recurrence of
PSP,11 and cessation should be strongly encour-
aged, because those who quit smoking had a 4-
fold decreased risk of recurrence in a recent
meta-analysis.6 Even when managed conserva-
tively, short-term follow-up with a thoracic
specialist and repeat imaging should be arranged
to ensure complete re-expansion of the lung.
A recent trial randomized 316 patients to con-

servative versus interventional treatment of
moderate-to-large PSP, defined as occupying at
least 32% of the hemithorax as calculated by the
Collins method.12,13 Although 15.4% of the pa-
tients assigned to the conservative treatment
group underwent interventions for pneumothorax
for prespecified reasons, the primary outcome of
lung re-expansion within 8 weeks was not signifi-
cantly different between the conservative and
interventional groups (94.4% vs 98.5%). The trial
concluded that conservative management of
PSP resulted in a lower risk of serious adverse
events or recurrence than interventional
management.

Aspiration
Simple aspiration has been shown to be effective
in up to 70% of patients with PSP14–16 and may
be associated with a decrease in the hospital
length of stay.17 Expertise with aspiration varies,
and studies have shown poor compliance with
guidelines suggesting aspiration as first-line inter-
vention, possibly related to the ease and availabil-
ity of small-bore chest tube insertion.18,19 Further,
studies have suggested a higher success rate of
small-bore chest tube placement versus needle
aspiration.20 When performed, aspiration should
proceed until 2.5 L of air is aspirated or increased
resistance is encountered.4 If no resistance is
noted by 2.5 L, further lung re-expansion is unlikely
to occur owing to the presence of persistent air
leak. Depending on symptoms and size of pneu-
mothorax, a tube thoracostomy may be
considered.

Tube thoracostomy
When intervention is desired for significant symp-
toms, or needle aspiration fails, tube thoracostomy
should be pursued. This procedure has been



Stable? 
No Tube thoracostomy 

(if chest tube not immediately available and tension 
suspected, perform needle decompression) 

Yes 

Symptoms and size 

Asymptoma�c and small 

Symptoma�c or largea

Observa�on 
Consider discharge with outpa�ent follow up 

Primary spontaneous pneumothorax (PSP) 
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Repeat chest x-ray 
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Fig. 2. Algorithm for PSP. aLarge pneumothorax defined as >3 cm from apex to cupola or >2 cm interpleural dis-
tance at the level of the hilum. bDepending on local resources and expertise, pleural vent with ambulatory man-
agement or small-bore (�14F) chest tube with hospital admission is an appropriate alternative.
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considered the standard treatment and allows for
the detection of an air leak after placement.

Small-bore versus large-bore chest tube In gen-
eral, small-bore (�14F) chest tubes are preferred
to large-bore (>14F) chest tubes for the manage-
ment of pneumothorax.4,21 Specifically, a recent
meta-analysis suggested that small-bore cathe-
ters are associated with similar success rates
and a decreased incidence of complications, as
well as a decreased length of drainage, versus
large-bore chest tubes.22 Several studies have
shown decreased pain with small-bore chest
tubes.23,24 Further, most patients on mechanical
ventilation are able to be managed with small-
bore chest tubes.25

There are several instances when a large-bore
chest tube may be more effective, such as when
a large air leak is present or viscous fluid must
be drained in addition to air. For example, 1 study
showed a significantly decreased success rate of
small-bore versus large-bore chest tubes (43%
vs 88%; P < .0001) in mechanically ventilated pa-
tients with pneumothorax owing to barotrauma.26

Additionally, large-bore chest tubes may be bene-
ficial in unstable trauma patients and those with
large volume air leaks related to bronchopleural
fistula.27 Finally, large-bore chest tubes placed
by blunt dissection may be safer to place than
small-bore chest tubes by the Seldinger technique
in several instances. For example, in case of a
small pneumothorax on mechanical ventilation or
in previously instrumented pleural spaces, finger
thoracostomy can ensure there is no pleurodesis
at the access site and avoid needle injury to the
lung parenchyma and intraparenchymal tube
placement.
Suction or water seal? There is a theoretic risk
that perpetuating flow through a visceral pleural
defect with the use of suction may delay healing
when compared with a water seal. However,
objective data to prove this theory are lacking.
Although some authors have suggested a shorter
duration of air leak when chest tubes are placed
to water seal after pulmonary resection,28,29 other
investigators have revealed no difference.30 A
recent meta-analysis revealed no difference in air
leak duration, hospital length of stay, or occur-
rence of prolonged air leak after pulmonary sur-
gery when comparing use of suction or water
seal after pulmonary resection.31

The British Thoracic Society guidelines suggest
against the routine use of suction after tube thora-
costomy, citing the risk of re-expansion edema.4,7

If the lung does not completely re-expand after 24
to 48 hours, suction may be considered to aid in
visceral–parietal pleural apposition. However,
other investigators suggest an initial period of suc-
tion to ensure pleural apposition, followed by a wa-
ter seal when the lung has expanded. To the best
of our knowledge, there are no data to indicate
which strategy is superior. To prevent drain
blockage, the tube should be flushed with 10 mL
of sterile saline every 8 to 12 hours.25 A sample al-
gorithm for chest tube management after place-
ment in PSP is shown is show in Fig. 3.

Ambulatory management
The Randomized Ambulatory Management of Pri-
mary Pneumothorax (RAMPP) trial recently evalu-
ated the role of ambulatory management of PSP
with an 8F pleural vent (Rocket Medical PLC, Wat-
ford, UK) versus standard management, which
may include aspiration or insertion of tube
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No Tube thoracostomy

(if chest tube not immediately available and tension 
suspected, perform needle decompression)
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Surgical managementPersistent symptoms / pneumothorax Yes
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No

Yes

Maintain chest tube to
suc�on for 24-48 hours

Fig. 3. Management of chest tube in PSP.
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thoracostomy attached to underwater seal and
admission to the hospital.32 There was a signifi-
cantly shorter hospital length of stay for patients
managed with the pleural vent versus standard
care. Those randomized to the pleural vent were
at an increased risk of adverse events, including
a 3% rate of enlarging pneumothorax requiring
tube thoracostomy and 2% device malfunction.
Although early results are promising, further
studies are needed to define the role of the ambu-
latory management of PSP.

Recurrent Spontaneous Pneumothorax

Recurrence of spontaneous pneumothorax con-
fers an increased risk of subsequent pneumo-
thorax. One study suggested a 33% chance of
recurrence after PSP and a 61% of second recur-
rence if treated conservatively.33 Thus, in the case
of recurrent spontaneous pneumothorax, tube
thoracostomy should be placed if symptomatic
and definitive management should be considered
to reduce further risk of recurrence.
In addition to patients with recurrent PSP, defin-

itive management may be considered for several
groups: those in at-risk professions (eg, airline
personnel, divers), a persistent air leak lasting
more than 3 days, and bilateral pneumothorax or
hemopneumothorax.34 Definitive management
strategies for pneumothorax are discussed else-
where in this article.

SECONDARY SPONTANEOUS
PNEUMOTHORAX
Conservative Management

In contrast with PSP, SSP is a potentially life-
threatening event; patients with this condition are
at risk of increased symptoms and morbidity given
the limited cardiopulmonary reserve in this patient
population.2 Further, SSP is associated with
higher rates of recurrence (around 45%) and
persistent air leak than PSP.35,36 Thus, conserva-
tive management is not frequently used.

Ambulatory Management

A recent study evaluating ambulatory manage-
ment of SSP with tube thoracostomy and under-
water seal suggested safety using a 12F chest
tube connected to an underwater seal. However,
the overall length of stay was not shortened
compared with standard management. The 8F
pleural vent had a high failure rate (46%) and is
not suggested in the ambulatory management of
SSP.37 Further trials are needed before this strat-
egy is adopted routinely.

Treatment of the Underlying Disorder

Several underlying disorders contribute to the
pathophysiology of pneumothorax, often through
the formation of cysts or emphysema. Chronic
obstructive pulmonary disease is the most com-
mon cause of SSP. Other disorders that are often
associated with an increased risk of pneumo-
thorax include cystic fibrosis, Birt–Hogg–Dube
syndrome, lymphangioleiomyomatosis, pulmo-
nary Langerhans cell histiocytosis, and catamenial
pneumothorax. When SSP occurs, treatment of
the underlying disorder should also be pursued
to the extent possible. For example, catamenial
pneumothorax is thought to be due to thoracic
endometriosis, which causes cyclical pneumo-
thorax within 3 days of menstruation.38 Ectopic
endometrial tissue is hormone responsive and in
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theory may be controlled with the administration
of oral contraceptive pills or gonadotropin-
releasing hormone agonists. However, a large
case series suggests that recurrent pneumothorax
occurs in 50% of patients treated with medical
therapy alone at 6 months, and only 5% of pa-
tients treated with surgical therapy.39 Thus, thora-
coscopic surgery is important for both the
diagnosis and management of this condition.
Several authors have suggested the removal of
the endometrial implants, repair of the diaphrag-
matic defects, and mechanical pleurodesis during
thoracoscopic procedure in addition to postpro-
cedural hormone therapy to minimize the risk of
recurrence.38

Tube Thoracostomy and Definitive
Management

In the case of recurrent SSP, tube thoracostomy
and definitive management to mitigate risk of
recurrence is suggested. Candidacy for operative
approaches should be considered first, because
the recurrence rates with either thoracoscopy or
thoracotomy are lower than other methods.4 For
those unwilling or unfit for surgery, pleurodesis
may also be achieved with the use of a sclerosant
delivered through a chest tube. Fig. 4 outlines the
algorithm for management of a SSP.
Air leak? No

Lung re-expansion a�er 24 h?

Yes

No

Maintain water seal
Air leak >48--72 h?

Chest tube management

Remove chest tube

Consulta�on with thoracic surgeon
Surgical candidate?

Tube thoracostomy for pneumothorax
Place to water seal

Yes

No

Yes

Yes

Defini�ve surgical management

No Consider endobr
blood patch, am

valv

Place to su

a

b

Fig. 4. Algorithm for chest tube removal. aIf significant s
clamping chest tube for 4 hours followed by repeat che
may be considered at chest tube placement, although has
nary edema.
TRAUMATIC PNEUMOTHORAX

Pneumothorax may also be caused by trauma,
both blunt and penetrating, and iatrogenic causes.
In fact, iatrogenic pneumothorax is seen more
commonly than spontaneous pneumothorax.40

Iatrogenic pneumothorax may be related to trans-
thoracic needle aspiration, central line placement,
pacemaker placement, bronchoscopic lung bi-
opsies, thoracentesis, and pleural biopsy.7

Classically, chest tube placement has been rec-
ommended for all traumatic pneumothorax, owing
to the fear that the pneumothorax may enlarge and
contribute to an increased risk of tension physi-
ology owing to hypovolemia from hemorrhage in
many traumas. Occult pneumothorax, defined as
a pneumothorax not seen on chest radiograph
but visualized on computed tomography (CT) im-
aging, has been increasingly recognized in
trauma.41 However, more recent studies have sug-
gested that observation in most occult pneumo-
thorax is safe,42,43 even in select patients
requiring mechanical ventilation.44
DEFINITIVE MANAGEMENT

At the initial episode, indications for definitive
management of pneumothorax include prolonged
air leak (>72 hours), failure of lung re-expansion,
Evaluate for non-expandable lung

onchial valve placement, pleurodesis, 
bulatory management with Heimlich 

e based on local exper�se

c�on at 20 cmH2O
Air leak?

Yes and lasts >48--72 h

No

ymptoms or suspected intermittent air leak, consider
st radiograph before removal. bAlternatively, suction
occasionally been associated with re-expansion pulmo-
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bilateral pneumothorax, tension pneumothorax, or
the presence of single large bulla (Box 1).4,34,45

Definitive management should also be considered
with occupational hazards (eg, aircraft personnel
or scuba divers). Additionally, definitive manage-
ment is suggested in case of recurrence of pneu-
mothorax, because studies have shown, that
after the first recurrence, the likelihood of second
recurrence ranges from 62% to 83%.46
Video-Assisted Thoracoscopic Surgery Versus
Thoracotomy

Surgical approaches provide the most definitive
treatment of pneumothorax and provide the lowest
recurrence rates. The goals include resection of
any abnormal lung parenchyma including visible
bullae and obliteration of the pleural space. This
process was originally described with open thora-
cotomy, but is nowmost commonly performed us-
ing thoracoscopic approaches.4 Although
thoracotomy has the lowest recurrence rate
(1%–2%) for pneumothorax, it is not commonly
performed owing to postoperative pain and recov-
ery time. A meta-analysis suggested a 4-fold
increased risk of recurrence with thoracoscopic
surgery versus open surgery in recurrent pneumo-
thorax.47 However, recurrence rates with thoraco-
scopic surgery remain low (around 5%) and
international guidelines recommend thoraco-
scopic surgery as the preferred approach owing
to decreased bleeding, less postoperative pain,
and a shorter postoperative hospital
stay.3,4,34,48,49 Often, additional procedures
including chemical or mechanical pleurodesis are
performed at the time of surgery to reduce recur-
rence, although it is not clear which technique is
superior.
Box 1
Indications for definitive management of
pneumothorax

Indications for surgical management in PSP

Prolonged air leak (>72 hours)

Failure of lung re-expansion

Bilateral or tension pneumothorax

Hemopneumothorax

Presence of single large bulla

Occupation at risk (eg, aircraft personnel,
scuba diver)

Recurrent pneumothorax (ipsilateral or
contralateral)
Increasingly, authors have questioned whether
definitive management (including surgery) should
be pursued after a first episode of PSP because
the rates of recurrence are approximately 30% af-
ter a first episode.46,50 Several studies have evalu-
ated the use of a CT-based scoring system to
predict the recurrence of pneumothorax.51–55 Un-
fortunately, the results have been conflicting and
a recent meta-analysis suggested that CT-based
scores could not predict the recurrence of pneu-
mothorax.6 A recent trial associated a larger air
leak, as measured by a digital air leak measure-
ment device, with a prolonged hospital stay and
an increased risk of treatment failure.56 This
finding suggests that early digital air leak mea-
sures may help to identify patients at high risk of
failure or recurrence to undergo risk mitigation
strategies at the first episode.

Pleurodesis
Mechanical Mechanical pleural abrasion during
thoracotomy was first described in 1941 to
decrease recurrence of pneumothorax.57 This is
most commonly achieved with the use of a scratch
pad but has also been reported using Nd-YAG
laser.58 Although commonly performed, mechani-
cal pleurodesis remains controversial as some tri-
als have shown increased complications (mostly
bleeding) and no decrease in recurrence of
pneumothorax.59,60

Chemical A variety of agents have been used for
pleurodesis including talc,61 tetracycline,36 bleo-
mycin,62 iodine,63 and others.64,65 Talc has shown
the highest success rates up to 90%66 and is
frequently the agent of choice.67 It is safe, with oc-
casional adverse effects including pain, fever, and
rarely a systemic inflammatory response. Reports
of respiratory distress related to its use are thought
to be related to older ungraded talc preparations
and doses of more than 5 g.68,69

These agents may be delivered during surgical
procedure (eg, talc poudrage) or via chest tube
(via slurry). It is important to note that the efficacy
of chemical pleurodesis via a surgical approach is
higher than via a tube thoracostomy,4 so this pro-
cedure should always be considered first if the pa-
tient is fit and willing to undergo surgery.

Pleurectomy This technique involves the removal
of the parietal pleura and is another method to
obliterate the pleural space. It is considered an
alternative to mechanical pleurodesis in the Amer-
ican College of Chest Physicians guidelines.3

Retrospective studies have suggested that pleur-
ectomy has similar recurrence rate to pleurode-
sis.70 The optimal surgical treatment of
pneumothorax has not yet been determined, and



� Initial management of a primary sponta-
neous pneumothorax does not always neces-
sitate tube thoracostomy and can be
managed conservatively if the patient is sta-
ble and asymptomatic.

� Pigtail chest tubes should almost always be
chosen over large bore chest tubes for pneu-
mothorax due to equivalent efficacy as well
as significantly less patient discomfort.

� Newer technologies such as endobronchial
valve placement should be considered for
SSP alongside classic therapies such as slurry
or thoracoscopic pleurodesis.
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many different approaches are followed based on
local expertise. Further information will be ob-
tained from randomized clinical trials evaluating
wedge resection versus partial parietal pleurec-
tomy in PSP (NCT01855464).

Resection
Wedge resection If any abnormal areas in the api-
cal segment of the upper lobe are identified, they
are often resected. Even if clear bullae cannot be
clearly identified thoracoscopically, some sur-
geons may perform a wedge resection in the api-
cal segment of the upper lobe and the superior
segment of the lower lobe.71 This is because
abnormal pleural porosity may be detected in the
absence of gross abnormality on CT scan or white
light thoracoscopic inspection of the pleural
surface.72

Endobronchial valves
Bronchoscopic valves have been used for the
treatment of persistent air leaks, typically in those
who are not candidate for surgery.73–78 To be
effective, the leak must be localized to a lobe,
segment, or subsegment of the lung using balloon
occlusion, with resolution or significant improve-
ment of the air leak. This process also depends
on whether patients have a complete fissure and
if collateral ventilation is present. If balloon occlu-
sion can localize and significantly decrease or
stop a leak, valves may be placed in those seg-
ments. Typically, the valves are removed after
about 6 weeks, when the visceral pleural defect
has had time to heal.

Ambulatory chest tube with pneumostat
In patients who are unwilling or unfit to undergo
surgery, he or she may be discharged home with
a chest tube attached to a 1-way valve. There is
extensive clinical experience with these valves,
which have been used for more than 50 years.79

Patients discharged with a chest tube and Heim-
lich valve must be able to access medical care
and require close outpatient follow-up. Potential
issues with this strategy include clogging or
dislodgement of the tube, which may not be
recognized by the patient.
FUTURE DIRECTIONS

Pneumothorax is a broad clinical condition with va-
riety of severity. Several recent studies have evalu-
ated less invasive management strategies for
pneumothorax, including conservative or outpa-
tientmanagement. Future studiesmayhelp to iden-
tify who is most at risk for recurrence and direct
earlier definitive management strategies, including
thoracoscopic surgery, to those patients.
CLINICS CARE POINTS
REFERENCES

1. Feller-Kopman D, Light R. Pleural disease. N Engl J

Med 2018;378(8):740–51.

2. Sahn SA, Heffner JE. Spontaneous pneumothorax.

N Engl J Med 2000;342(12):868–74.

3. Baumann MH, Strange C, Heffner JE, et al. Manage-

ment of spontaneous pneumothorax: an American

College of Chest Physicians Delphi consensus

statement. Chest 2001;119(2):590–602.

4. MacDuff A, Arnold A, Harvey J, et al. Management

of spontaneous pneumothorax: British Thoracic So-

ciety Pleural Disease Guideline 2010. Thorax 2010;

65(Suppl 2):ii18–31.

5. Schramel FM, Postmus PE, Vanderschueren RG.

Current aspects of spontaneous pneumothorax.

Eur Respir J 1997;10(6):1372–9.

6. Walker SP, Bibby AC, Halford P, et al. Recurrence

rates in primary spontaneous pneumothorax: a sys-

tematic review and meta-analysis. Eur Respir J

2018;52(3).

7. Light RW. Pleural diseases. 6th edition. Philadelphia:

Wolters Kluwer/Lippincott Williams & Wilkins Health;

2013. p. xiii,504.

8. Havelock T, Teoh R, Laws D, et al. Pleural proced-

ures and thoracic ultrasound: British Thoracic Soci-

ety Pleural Disease Guideline 2010. Thorax 2010;

65(Suppl 2):ii61–76.

9. Northfield TC. Oxygen therapy for spontaneous

pneumothorax. Br Med J 1971;4(5779):86–8.

10. Ahmedzai S, Balfour-Lynn IM, Bewick T, et al. Man-

aging passengers with stable respiratory disease

planning air travel: British Thoracic Society recom-

mendations. Thorax 2011;66(Suppl 1):i1–30.

11. Sadikot RT, Greene T, Meadows K, et al. Recurrence

of primary spontaneous pneumothorax. Thorax

1997;52(9):805–9.

http://refhub.elsevier.com/S0272-5231(21)01200-4/sref1
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref1
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref2
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref2
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref3
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref3
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref3
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref3
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref4
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref4
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref4
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref4
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref5
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref5
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref5
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref6
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref6
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref6
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref6
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref7
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref7
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref7
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref8
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref8
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref8
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref8
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref9
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref9
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref10
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref10
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref10
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref10
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref11
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref11
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref11


DeMaio & Semaan736
12. Brown SGA, Ball EL, Perrin K, et al. Conservative

versus interventional treatment for spontaneous

pneumothorax. N Engl J Med 2020;382(5):405–15.

13. Collins CD, Lopez A, Mathie A, et al. Quantification

of pneumothorax size on chest radiographs using

interpleural distances: regression analysis based

on volume measurements from helical CT. AJR Am

J Roentgenol 1995;165(5):1127–30.

14. Noppen M, Alexander P, Driesen P, et al. Manual

aspiration versus chest tube drainage in first epi-

sodes of primary spontaneous pneumothorax: a

multicenter, prospective, randomized pilot study.

Am J Respir Crit Care Med 2002;165(9):1240–4.

15. Ayed AK, Chandrasekaran C, Sukumar M. Aspira-

tion versus tube drainage in primary spontaneous

pneumothorax: a randomised study. Eur Respir J

2006;27(3):477–82.

16. Thelle A, Gjerdevik M, SueChu M, et al. Randomised

comparison of needle aspiration and chest tube

drainage in spontaneous pneumothorax. Eur Respir

J 2017;49(4).

17. Zhu P, Xia H, Sun Z, et al. Manual aspiration versus

chest tube drainage in primary spontaneous pneu-

mothorax without underlying lung diseases: a

meta-analysis of randomized controlled trials.

Interact Cardiovasc Thorac Surg 2019;28(6):

936–44.

18. Mendis D, El-Shanawany T, Mathur A, et al. Manage-

ment of spontaneous pneumothorax: are British

Thoracic Society guidelines being followed? Post-

grad Med J 2002;78(916):80–4.

19. Packham S, Jaiswal P. Spontaneous pneumothorax:

use of aspiration and outcomes of management by

respiratory and general physicians. Postgrad Med

J 2003;79(932):345–7.

20. Carson-Chahhoud KV, Wakai A, van Agteren JE,

et al. Simple aspiration versus intercostal tube

drainage for primary spontaneous pneumothorax in

adults. Cochrane Database Syst Rev 2017;9:

CD004479.

21. Light RW. Pleural controversy: optimal chest tube

size for drainage. Respirology 2011;16(2):244–8.

22. Chang SH, Kang YN, Chiu HY, et al. A Systematic re-

view and meta-analysis comparing pigtail catheter

and chest tube as the initial treatment for pneumo-

thorax. Chest 2018;153(5):1201–12.

23. Rahman NM, Pepperell J, Rehal S, et al. Effect of

opioids vs NSAIDs and larger vs smaller chest

tube size on pain control and pleurodesis efficacy

among patients with malignant pleural effusion: the

TIME1 randomized clinical trial. JAMA 2015;

314(24):2641–53.

24. Akowuah E, Ho EC, George R, et al. Less pain with

flexible fluted silicone chest drains than with conven-

tional rigid chest tubes after cardiac surgery.

J Thorac Cardiovasc Surg 2002;124(5):1027–8.
25. Yarmus L, Feller-Kopman D. Pneumothorax in the

critically ill patient. Chest 2012;141(4):1098–105.

26. Lin YC, Tu CY, Liang SJ, et al. Pigtail catheter for the

management of pneumothorax in mechanically

ventilated patients. Am J Emerg Med 2010;28(4):

466–71.

27. Ritchie M, Brown C, Bowling M. Chest tubes: indica-

tions, sizing, placement, and management. Clin

Pulm Med 2017;24(1):37–53.

28. Cerfolio RJ, Bass C, Katholi CR. Prospective ran-

domized trial compares suction versus water seal

for air leaks. Ann Thorac Surg 2001;71(5):1613–7.

29. Marshall MB, Deeb ME, Bleier JI, et al. Suction vs

water seal after pulmonary resection: a randomized

prospective study. Chest 2002;121(3):831–5.

30. Alphonso N, Tan C, Utley M, et al. A prospective ran-

domized controlled trial of suction versus non-

suction to the under-water seal drains following

lung resection. Eur J Cardiothorac Surg 2005;

27(3):391–4.

31. Zhou J, Chen N, Hai Y, et al. External suction versus

simple water-seal on chest drainage following pul-

monary surgery: an updated meta-analysis. Interact

Cardiovasc Thorac Surg 2019;28(1):29–36.

32. Hallifax RJ, McKeown E, Sivakumar P, et al. Ambula-

tory management of primary spontaneous pneumo-

thorax: an open-label, randomised controlled trial.

Lancet 2020;396(10243):39–49.

33. Kuzucu A, Soysal O, Ulutas H. Optimal timing for

surgical treatment to prevent recurrence of sponta-

neous pneumothorax. Surg Today 2006;36(10):

865–8.

34. Tschopp JM, Bintcliffe O, Astoul P, et al. ERS task

force statement: diagnosis and treatment of primary

spontaneous pneumothorax. Eur Respir J 2015;

46(2):321–35.

35. Chee CB, Abisheganaden J, Yeo JK, et al. Persistent

air-leak in spontaneous pneumothorax–clinical course

and outcome. Respir Med 1998;92(5):757–61.

36. Light RW, O’Hara VS, Moritz TE, et al. Intrapleural

tetracycline for the prevention of recurrent sponta-

neous pneumothorax. Results of a Department of

Veterans Affairs cooperative study. JAMA 1990;

264(17):2224–30.

37. Walker SP, Keenan E, Bintcliffe O, et al. Ambulatory

management of secondary spontaneous pneumo-

thorax: a randomised controlled trial. Eur Respir J

2021;57(6):2003375.

38. Alifano M. Catamenial pneumothorax. Curr Opin

Pulm Med 2010;16(4):381–6.

39. Joseph J, Sahn SA. Thoracic endometriosis syn-

drome: new observations from an analysis of 110

cases. Am J Med 1996;100(2):164–70.

40. Despars JA, Sassoon CS, Light RW. Significance of

iatrogenic pneumothoraces. Chest 1994;105(4):

1147–50.

http://refhub.elsevier.com/S0272-5231(21)01200-4/sref12
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref12
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref12
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref13
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref13
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref13
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref13
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref13
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref14
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref14
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref14
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref14
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref14
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref15
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref15
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref15
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref15
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref16
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref16
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref16
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref16
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref17
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref17
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref17
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref17
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref17
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref17
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref18
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref18
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref18
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref18
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref19
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref19
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref19
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref19
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref20
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref20
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref20
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref20
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref20
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref21
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref21
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref22
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref22
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref22
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref22
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref23
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref23
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref23
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref23
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref23
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref23
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref24
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref24
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref24
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref24
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref25
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref25
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref26
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref26
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref26
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref26
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref27
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref27
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref27
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref28
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref28
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref28
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref29
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref29
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref29
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref30
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref30
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref30
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref30
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref30
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref31
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref31
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref31
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref31
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref32
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref32
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref32
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref32
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref33
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref33
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref33
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref33
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref34
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref34
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref34
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref34
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref35
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref35
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref35
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref36
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref36
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref36
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref36
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref36
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref37
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref37
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref37
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref37
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref38
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref38
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref39
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref39
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref39
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref40
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref40
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref40


Management of Pneumothorax 737
41. Ball CG, Kirkpatrick AW, Feliciano DV. The occult

pneumothorax: what have we learned? Can J Surg

2009;52(5):E173–9.

42. Walker SP, Barratt SL, Thompson J, et al. Conserva-

tive management in traumatic pneumothoraces: an

observational study. Chest 2018;153(4):946–53.

43. Moore FO, Goslar PW, Coimbra R, et al. Blunt trau-

matic occult pneumothorax: is observation safe?–re-

sults of a prospective, AAST multicenter study.

J Trauma 2011;70(5):1019–23 [discussion: 23–5].

44. Clements TW, Sirois M, Parry N, et al. OPTICC: a

multicentre trial of Occult Pneumothoraces sub-

jected to mechanical ventilation: the final report.

Am J Surg 2021;221(6):1252–8.

45. Shields’ general thoracic surgery. 8th edition. Phila-

delphia: Wolters Kluwer Health/Lippincott Williams &

Wilkins; 2019. p. 2512.

46. Schnell J, Beer M, Eggeling S, et al. Management of

spontaneous pneumothorax and post-interventional

pneumothorax: German S3 guideline. Respiration

2019;97(4):370–402.

47. Barker A, Maratos EC, Edmonds L, et al. Recurrence

rates of video-assisted thoracoscopic versus open

surgery in the prevention of recurrent pneumothora-

ces: a systematic review of randomised and non-

randomised trials. Lancet 2007;370(9584):329–35.

48. Goto T, KadotaY,Mori T, et al. Video-assisted thoracic

surgery for pneumothorax: republication of a system-

atic reviewandaproposalby theguidelinecommittee

of the Japanese association for chest surgery 2014.

Gen Thorac Cardiovasc Surg 2015;63(1):8–13.

49. Tschopp JM, Rami-Porta R, Noppen M, et al. Man-

agement of spontaneous pneumothorax: state of

the art. Eur Respir J 2006;28(3):637–50.

50. Cardillo G, Ricciardi S, Rahman N, et al. Primary

spontaneous pneumothorax: time for surgery at first

episode? J Thorac Dis 2019;11(Suppl 9):S1393–7.

51. Martinez-Ramos D, Angel-Yepes V, Escrig-Sos J,

et al. [Usefulness of computed tomography in deter-

mining risk of recurrence after a first episode of pri-

mary spontaneous pneumothorax: therapeutic

implications]. Arch Bronconeumol 2007;43(6):

304–8.

52. Ouanes-Besbes L, Golli M, Knani J, et al. Prediction

of recurrent spontaneous pneumothorax: CT scan

findings versus management features. Respir Med

2007;101(2):230–6.

53. Casali C, Stefani A, Ligabue G, et al. Role of blebs

and bullae detected by high-resolution computed

tomography and recurrent spontaneous pneumo-

thorax. Ann Thorac Surg 2013;95(1):249–55.

54. Primavesi F, Jager T, Meissnitzer T, et al. First

episode of spontaneous pneumothorax: CT-based

scoring to select patients for early surgery. World J

Surg 2016;40(5):1112–20.

55. Park S, Jang HJ, Song JH, et al. Do blebs or bullae

on high-resolution computed tomography predict
ipsilateral recurrence in young patients at the first

episode of primary spontaneous pneumothorax?

Korean J Thorac Cardiovasc Surg 2019;52(2):91–9.

56. Hallifax RJ, Laskawiec-Szkonter M, Rahman NM,

et al. Predicting outcomes in primary spontaneous

pneumothorax using air leak measurements. Thorax

2019;74(4):410–2.

57. Tyson M, Crandall W. The surgical treatment of

recurrent idiopathic spontaneous pneumothorax.

J Thorac Surg 1941;10:566–70.

58. Torre M, Grassi M, Nerli FP, et al. Nd-YAG laser pleu-

rodesis via thoracoscopy. Endoscopic therapy in

spontaneous pneumothorax Nd-YAG laser pleurod-

esis. Chest 1994;106(2):338–41.

59. Min X, Huang Y, Yang Y, et al. Mechanical pleurode-

sis does not reduce recurrence of spontaneous

pneumothorax: a randomized trial. Ann Thorac

Surg 2014;98(5):1790–6 [discussion: 6].

60. Ling ZG, Wu YB, Ming MY, et al. The effect of pleural

abrasion on the treatment of primary spontaneous

pneumothorax: a systematic review of randomized

controlled trials. PLoS One 2015;10(6):e0127857.

61. Genofre EH, Marchi E, Vargas FS. Inflammation and

clinical repercussions of pleurodesis induced by in-

trapleural talc administration. Clinics (Sao Paulo)

2007;62(5):627–34.

62. Ong KC, Indumathi V, Raghuram J, et al.

A comparative study of pleurodesis using talc slurry

and bleomycin in the management of malignant

pleural effusions. Respirology 2000;5(2):99–103.

63. Mohsen TA, Zeid AA, Meshref M, et al. Local iodine

pleurodesis versus thoracoscopic talc insufflation in

recurrent malignant pleural effusion: a prospective

randomized control trial. Eur J Cardiothorac Surg

2011;40(2):282–6.

64. Chen JS, Hsu HH, Chen RJ, et al. Additional minocy-

cline pleurodesis after thoracoscopic surgery for pri-

mary spontaneous pneumothorax. Am J Respir Crit

Care Med 2006;173(5):548–54.

65. Tsuboshima K, Wakahara T, Matoba Y, et al. Pleural

coating by 50% glucose solution reduces postoper-

ative recurrence of spontaneous pneumothorax.

Ann Thorac Surg 2018;106(1):184–91.

66. Kennedy L, Sahn SA. Talc pleurodesis for the treat-

ment of pneumothorax and pleural effusion. Chest

1994;106(4):1215–22.

67. Sahn SA. Talc should be used for pleurodesis. Am J

Respir Crit Care Med 2000;162(6):2023–4 [discus-

sion: 6].

68. Janssen JP, Collier G, Astoul P, et al. Safety of pleu-

rodesis with talc poudrage in malignant pleural effu-

sion: a prospective cohort study. Lancet 2007;

369(9572):1535–9.

69. Maskell NA, Lee YC, Gleeson FV, et al. Randomized

trials describing lung inflammation after pleurodesis

with talc of varying particle size. Am J Respir Crit

Care Med 2004;170(4):377–82.

http://refhub.elsevier.com/S0272-5231(21)01200-4/sref41
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref41
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref41
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref42
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref42
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref42
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref43
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref43
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref43
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref43
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref44
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref44
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref44
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref44
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref45
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref45
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref45
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref46
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref46
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref46
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref46
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref47
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref47
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref47
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref47
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref47
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref48
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref48
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref48
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref48
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref48
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref49
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref49
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref49
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref50
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref50
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref50
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref51
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref51
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref51
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref51
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref51
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref51
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref52
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref52
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref52
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref52
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref53
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref53
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref53
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref53
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref54
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref54
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref54
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref54
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref55
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref55
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref55
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref55
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref55
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref56
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref56
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref56
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref56
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref57
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref57
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref57
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref58
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref58
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref58
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref58
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref59
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref59
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref59
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref59
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref60
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref60
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref60
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref60
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref61
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref61
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref61
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref61
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref62
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref62
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref62
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref62
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref63
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref63
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref63
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref63
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref63
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref64
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref64
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref64
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref64
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref65
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref65
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref65
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref65
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref66
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref66
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref66
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref67
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref67
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref67
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref68
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref68
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref68
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref68
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref69
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref69
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref69
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref69


DeMaio & Semaan738
70. Ocakcioglu I, Kupeli M. Surgical treatment of spon-

taneous pneumothorax: pleural abrasion or pleurec-

tomy? Surg Laparosc Endosc Percutan Tech 2019;

29(1):58–63.

71. Sugarbaker DJ. Sugarbaker’s adult chest surgery.

3rd edition. New York: McGraw Hill Education; 2020.

72. Noppen M, Stratakos G, Verbanck S, et al. Fluores-

cein-enhanced autofluorescence thoracoscopy in

primary spontaneous pneumothorax. Am J Respir

Crit Care Med 2004;170(6):680–2.

73. Ferguson JS, Sprenger K, Van Natta T. Closure of a

bronchopleural fistula using bronchoscopic place-

ment of an endobronchial valve designed for the

treatment of emphysema. Chest 2006;129(2):

479–81.

74. Wood DE, Cerfolio RJ, Gonzalez X, et al. Broncho-

scopic management of prolonged air leak. Clin

Chest Med 2010;31(1):127–33.
75. Schiavon M, Marulli G, Zuin A, et al. Endobronchial

valve for secondary pneumothorax in a severe

emphysema patient. Thorac Cardiovasc Surg

2011;59(8):509–10.

76. Gillespie CT, Sterman DH, Cerfolio RJ, et al. Endo-

bronchial valve treatment for prolonged air leaks of

the lung: a case series. Ann Thorac Surg 2011;

91(1):270–3.

77. Fischer W, Feller-Kopman D, Shah A, et al. Endo-

bronchial valve therapy for pneumothorax as a

bridge to lung transplantation. J Heart Lung Transpl

2012;31(3):334–6.

78. Travaline JM, McKenna RJ Jr, De Giacomo T, et al.

Treatment of persistent pulmonary air leaks using

endobronchial valves. Chest 2009;136(2):355–60.

79. Heimlich HJ. Valve drainage of the pleural cavity. Dis

Chest 1968;53(3):282–7.

http://refhub.elsevier.com/S0272-5231(21)01200-4/sref70
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref70
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref70
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref70
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref71
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref71
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref72
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref72
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref72
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref72
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref73
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref73
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref73
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref73
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref73
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref74
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref74
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref74
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref75
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref75
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref75
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref75
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref76
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref76
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref76
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref76
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref77
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref77
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref77
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref77
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref78
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref78
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref78
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref79
http://refhub.elsevier.com/S0272-5231(21)01200-4/sref79


Indwell ing Pleural
Catheters

Audra J. Schwalk, MD, MBAa,*, David E. Ost, MD, MPHb
KEYWORDS

� Indwelling pleural catheter � Tunneled pleural catheter � Malignant pleural effusion
� Nonmalignant pleural effusion � Pleurodesis

KEY POINTS

� Indwelling pleural catheters may be used in the management of recurrent, symptomatic malignant
and nonmalignant pleural effusions and are the treatment of choice for nonexpandable lung.

� Indwelling pleural catheters and thoracoscopic or chest tube chemical pleurodesis both improve
patient symptoms of breathlessness and health-related quality of life to a similar extent.

� Indwelling pleural catheter placement plus pleural sclerosant administration may be both a pallia-
tive and cost-effective treatment option for patients with an expandable lung.

� Many indwelling pleural catheter-related infectious complications can be managed without cath-
eter removal.
INTRODUCTION resulting in a poor quality of life for these patients.
Pleural effusion is a common clinical problem esti-
mated to affect 1.5 million people in the United
States each year.1 A large proportion are either
nonmalignant or related to infection,2 but malig-
nant pleural effusions (MPEs) may also lead to sig-
nificant health care resource use with an estimated
150,000 cases annually.3,4 Lung cancer is the
leading cause of MPE and is present in up to
15% of patients at diagnosis, with an even greater
proportion of patients developing MPE at some
point in the course of their disease.5 MPE can
complicate almost any cancer6 and may also
develop as the primary manifestation of a disease,
as is the case with malignant mesothelioma.

After the identification of a symptomatic pleural
effusion, a thoracentesis is typically performed for
cytologic and laboratory evaluation of pleural fluid,
as well as for assessment of symptom improve-
ment and lung re-expansion. Despite initial
drainage, more than one-half of MPEs will recur
within 90 days.7 Recurrent effusions may cause
significant dyspnea, cough, and chest discomfort,
a Division of Pulmonary and Critical Care, The University
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A definitive pleural procedure is recommended for
patients with recurrent, symptomatic MPE,3,6,8

except in cases of slow fluid reaccumulation, an
expected rapid and marked response to treat-
ment, or a very short life expectancy. Several op-
tions are available for the definitive management
of MPE.

Indwelling pleural catheters (IPCs) are one op-
tion for definitive MPE management. IPCs are be-
ing placed with increasing frequency since their
introduction more than 30 years ago9 and the
body of evidence pertaining to their use continues
to grow. Initially, observational studies and retro-
spective reviews comprised the majority of publi-
cations, but several larger, randomized controlled
trials (RCTs) are now available. Many compare
IPC placement to chemical pleurodesis, either
thoracoscopic or via chest tube, but the primary
outcomes between studies are inconsistent, mak-
ing direct comparison of results difficult. Until
recently, most of the available literature on IPCs
pertained to patient selection, indications, and
postprocedural outcomes; however, guidelines
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and expert panel recommendations regarding
postinsertion IPC management are now available.
This review summarizes the latest, high-quality ev-
idence and recommendations for IPC use.
THERAPEUTIC OPTIONS

Before discussing IPCs in greater detail, it is
important to review available options for the man-
agement of recurrent, symptomatic MPE. Histori-
cally, definitive treatment involved a surgical
procedure and hospitalization, with a median
length of stay ranging from 5 to 10 days depending
on the specific procedure performed.5 Thoraco-
scopic talc pleurodesis may be performed by an
interventional pulmonologist in an endoscopy
suite using one access port with local anesthesia
and moderate sedation. A video-assisted thoraco-
scopic surgery (VATS) pleurodesis procedure,
however, is usually performed by a thoracic sur-
geon in an operating room. This procedure is
more invasive because it typically requires multiple
access ports, a double-lumen endotracheal tube,
and general anesthesia. Both procedures allow
for biopsy of the parietal pleura, evaluation of full
lung re-expansion, lysis of simple adhesions, and
adequate instillation of pleural sclerosants, but
VATS may allow for improved visualization of the
pleura given the lung is fully deflated.5 VATS also
provides the ability to perform complementary
procedures such as mechanical abrasion, lysis of
more complex adhesions, decortication for treat-
ment of nonexpandable lung, and parietal pleurec-
tomy, which may be beneficial in certain clinical
scenarios.5 VATS is typically reserved for patients
with good functional status who are deemed
acceptable surgical candidates, but for those not
meeting these criteria, alternative treatment
methods are typically pursued.
Chest tube drainage followed by pleurodesis

with a sclerosing agent is another option for the
management of recurrent, symptomatic MPE.
This method may be an option for patients who
are not surgical candidates or for patients who
already have a chest tube in place; however,
similar to VATS pleurodesis, it requires an inpatient
hospital stay of several days.10–13

IPCs are now commonly being offered as an
alternative to surgical pleurodesis and other defin-
itive procedures.9,14 This change is likely second-
ary to the ease of placement and lack of need for
hospitalization and sedation,9,10 while still
providing improvement in symptoms.15 IPC place-
ment may be performed by a variety of practi-
tioners, such as pulmonologists, surgeons, and
interventional radiologists. The administration of
talc and other sclerosants through an IPC is also
a viable treatment option in some patients and
has been the focus of recent publications.16
PREPROCEDURE PLANNING

Patients with a recurrent pleural effusion that
experience symptom improvement after initial
pleural fluid drainage should be considered for
IPC placement or other definitive treatment.3,6,8

Preprocedure counseling pertaining to IPC place-
ment, home drainage procedures, and catheter-
related care should be routine.17 Patients should
provide their informed consent, demonstrate an
adequate understanding of the IPC and potential
complications, and also have a reliable caregiver
available to assist in catheter drainage and routine
care before consideration of IPC placement. Insur-
ance often covers IPC drainage bottles and related
supplies, but this factor should also be confirmed
before catheter placement to avoid any interrup-
tions in patient care.
PROCEDURAL APPROACH

Several IPC options are available and the decision
to use one catheter over another depends on local
availability as well as patient and provider prefer-
ence. Each of the catheters have slight differ-
ences, but all are made of soft silicone and have
multiple fenestrations to allow for the drainage of
pleural fluid. The Merit Medical Aspira pleural
drainage system is designed to drain pleural fluid
with low pressure via gravity,18 whereas the PleurX
and Rocket pleural drainage systems are designed
to drain pleural fluid via a vacuum bottle.19,20

The details of IPC placement may vary between
institutions anddependingonwhat specific catheter
is being placed, but generally are quite similar. One
approach to IPC placement is provided in Box 1.
Videos for PleurX, Aspira, and Rocket catheter
placement may be viewed at: https://www.bd.
com/en-us/company/video-gallery?video5903266
637001 (procedure begins at 3:46 minutes), https://
www.myaspira.com/videos/ (insertion of a perito-
neal catheter, althoughsimilar kit contentsand tech-
nique), and https://sales.rocketmedical.com/
products/indwelling-drainage-catheters,
respectively.
Complications during IPC placement are rare

but should be recognized because they can occur
in 2.8% to 6% of procedures. Complications are
similar to those encountered with any pleural pro-
cedure and include pneumothorax (generally not
clinically significant because these usually arise
from the entry of atmospheric air as opposed to
visceral pleural injury and there will now be a cath-
eter in the pleural space), bleeding, subcutaneous

https://www.bd.com/en-us/company/video-gallery?video=903266637001
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https://sales.rocketmedical.com/products/indwelling-drainage-catheters


Box 1
Outlined procedure for IPC placement

1. Place the patient in a semirecumbent posi-
tion. Other positions are acceptable de-
pending on patient tolerance and
expected insertion site.

2. Secure the patient’s ipsilateral arm above
the head or across the chest to fully expose
the potential pleural entry site.

3. Identify the optimal site for IPC insertion
and exit with the use of ultrasound exami-
nation andmark these sites. When possible,
avoid areas of skin with evidence of active
infection or malignant skin infiltration.

4. Clean the pleural entry and exit sites as well
as the surrounding chest wall.

5. Don sterile personal protective equipment
and prepare the IPC insertion kit.

6. Use the filter straw to prepare syringes with
1% lidocaine and then anesthetize the skin,
subcutaneous tissue and parietal pleura
with the 22G or 25G needles.

7. Advance theguidewire introducerwithnee-
dle in the anesthetized area, while applying
suction, until pleural fluid is aspirated.

8. Hold the needle and syringe stable and
advance the guidewire introducer into the
pleural space until it is flush against the pa-
tient’s skin. Remove the needle. Pleural
fluid may drain out of the guidewire intro-
ducer at this point.

9. Insert the J-tip wire through the guidewire
introducer and into the pleural space.

10. Remove the guidewire introducer, leaving
the guidewire in place.

11. Use the scalpel to make an approximate 1-
cm incision around the wire in the patient’s
skin and subcutaneous tissue. This is the
pleural entry site. Make a second incision
approximately 5 cm from the pleural entry
site. This will serve as the catheter exit site.

12. Attach the metal tunneler to the fenes-
trated end of the pleural catheter and tun-
nel the catheter under the skin and
subcutaneous tissue, entering at the cath-
eter exit site and directing the tunneler to-
ward the pleural entry site. Pass the
tunneler out through the pleural entry
site (where the guidewire is located). Pull
the tunneler through the pleural entry site
until the catheter cuff is just under the
skin at the catheter exit site. Once in posi-
tion, remove the metal tunneler from the
catheter.

13. Advance the peel-away introducer over the
wire and into the pleural space.

14. Remove the central dilator and the wire
while leaving the peel away sheath in place.
Pleural fluid may drain out of the peel away
sheath at this point.

15. Insert the fenestrated end of the catheter
through the peel away sheath and into
the pleural space.

16. Peel away the sheath while advancing the
catheter into the pleural space using a
thumb.

17. Ensure the catheter is inserted fully into the
pleural space and feel for any evidence of a
kinked catheter.

18. Attach the catheter tip to the specialized
drainage bottle or suction using the appro-
priate adapter with access tip. Drain the
pleural space. This process ensures that
the catheter is functioning well after place-
ment and allows for any necessary trouble-
shooting while the patient is in the
procedure area.

19. Remove the access tip and drainage line
and place the specialized cap on the end
of the catheter.

20. Use the 2-0 silk, straight needle suture to
secure the IPC to the skin.

21. Use the 4-0 absorbable, curved needle su-
ture to close the insertion site incision.

22. Place the foam catheter pad on the skin and
coil the catheter on top of it, then cover
with gauze.

23. Use the provided self-adhesive dressing for
optimal coverage and catheter protection.
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emphysema, pain, and unintended mispositioning
of the catheter (Fig. 1).21 Postprocedure chest
radiography is often obtained to document proper
IPC placement and the patient is typically dis-
charged the same day.

POSTPROCEDURE RECOVERY AND
MANAGEMENT

IPC drainage can be performed by a variety of
people, including the patient, spouse or other
caregivers, and medical providers. Routine IPC
education is again provided before discharge
and is typically accomplished with hands-on
training, in addition to instructional videos and
handbooks provided by the IPC manufacturer.

A specific follow-up schedule for patients with an
IPC has not been established given the lack of
formal studies pertaining to this topic. Regular
follow-up is recommended, even in the absence
of catheter-related concerns, with the frequency
being determined on an individual basis.4 The



Fig. 1. Amalpositioned IPC as seen outside the pleural
space in this chest computed tomography image. This
catheter was replaced without significant long-term
complications.
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hope is thatpotential complicationsorconcernsare
identified and addressed early in the process. It is
important to acknowledge that many patients with
cancer report a substantial time burden related to
treatment and follow-upappointments22; therefore,
Fig. 2. IPC drainage and removal algorithm.
personalized decision-making should be used
when determining the optimal follow-up plan.
Drainage protocols and algorithms for IPC

removal vary between institutions. General recom-
mendations are to decrease drainage frequency
when output decreases to less than a certain vol-
ume, often 50 to 100 mL.14 One example of a con-
servative IPC drainage and removal algorithm is
provided in Fig. 2. The reported incidence of suc-
cessful pleurodesis allowing IPC removal is vari-
able, but seems to be less than 50%.15,23,24

Before removal, patients should be made aware
of the potential need for future pleural interven-
tions because up to 10% of pleural effusions
may recur after IPC removal.15,25

CONSIDERATIONS
Nonexpandable Lung

An IPCmay be placed in almost any patient and al-
lows for regular home drainage of pleural fluid with
resultant improvement in symptoms and quality of
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life.10,15,23,24 Specific patient populations may
benefit more from IPC placement when compared
with other definitive management approaches. In
patients with a nonexpandable lung, where
adequate apposition of the parietal and visceral
pleura are not achieved after pleural fluid drainage,
guidelines recommend the placement of an IPC
over chemical pleurodesis.6–8 One of the first pub-
lications to report the use of IPCs for MPE and
nonexpandable lung was by Pien and colleagues
in 2001,26 when they described their experience
with 11 patients, 3 of whom had previously been
treated with radiation therapy, attempted talc
pleurodesis, or decortication without successful
resolution of symptoms. Although the specific de-
tails regarding how symptom and radiographic
improvement were determined were not provided,
all patients were reported to have symptomatic
benefit in cough, dyspnea, and exercise toler-
ance.26 Several larger observational studies on
the use of IPC for patients with nonexpandable
lung have since been published, each reporting
various patient outcomes, including symptom
improvement, pleurodesis rate, median survival af-
ter IPC placement, and complications.27–32 It is
difficult to directly compare results from these
studies because the units of measurement for
the outcomes are quite variable, but most studies
report symptomatic improvement in the majority of
patients. More recent RCTs have shown improve-
ment in dyspnea and quality of life that is compa-
rable with that achieved in patients with a fully
expandable lung after talc pleurodesis.10 It should
also be noted that, in the AMPLE-2 trial, approxi-
mately 50% of patients with a nonexpandable
lung achieved pleurodesis at 6 months.23 In addi-
tion to patients with a nonexpandable lung, IPC
placement may be the best treatment strategy
for those with interconnected pleural loculations,
especially if deemed a poor surgical candidate.7
Failed Pleurodesis Procedure

A pleurodesis procedure may be unsuccessful in
up to 30% of patients33; therefore, further inter-
ventions may be necessary in a good proportion
of these patients.27 IPCs are often placed at the
time of a talc poudrage procedure. This practice
allows for continuous pleural fluid drainage after
the procedure, facilitating visceral and parietal
apposition and hopefully improving the chance of
successful pleurodesis, while also serving as a
back-up therapy in the event that pleurodesis
fails.9,34,35 This strategy may shorten hospital
length of stay because a standard chest tube is
not required and patients can continue regular
drainage after hospital discharge.34,35
Other Clinical Considerations

IPC placement is a straightforward procedure that
is performed using local anesthesia without the
need for sedation. It provides a good alternative
treatment option for patients unable or unwilling
to undergo a surgical procedure, as well as for pa-
tients wishing to minimize hospitalization.10–13 Pa-
tients with a very short life expectancy, however,
may be best managed with repeat thoracentesis
and other supportive measures, rather than an
IPC or pleurodesis procedure.25

After a discussion of viable treatment options,
patient preference should take priority. Swimming,
submerging in bath water, diving, or otherwise
performing activities that may result in soaking of
the IPC dressing are not recommended for some
of the IPCs owing to fears of an increased risk of
infection; however, there are no data to support
this supposition. If the patient is interested in per-
forming these activities, it may be necessary to
discuss alternative methods for symptom
management.

GOALS

Given that MPE is generally considered a poor
prognostic factor,8 the main goals for treatment
are palliation of symptoms, limiting unnecessary
pleural procedures, and minimizing the need for
hospitalization, as well as decreasing the hospital
length of stay when required. Historically, pleurod-
esis rates have been the focus of many early IPC
studies. More recent publications, however,
emphasize patient-centered outcomes such as
dyspnea, quality of life, complications, and hospi-
tal length of stay.10–12,23 It is from these studies
that we know IPCs improve patient symptoms,
but are only associated with modest improve-
ments in quality-adjusted lifedays and utility. The
greatest improvements are seen in patients with
worse baseline shortness of breath and those
who pursue systemic chemotherapy or localized
radiation after placement.15 There are also poten-
tial disadvantages to treatment with an IPC,
including complications, cost, and the need for
regular drainage procedures. These issues further
highlight the need for a thorough discussion
regarding patient preferences and expected out-
comes during individualized management of an
MPE.

CLINICAL OUTCOMES
Pleurodesis Rates

Because IPC use is increasing and drainage may
be performed at the convenience of the patient, in-
vestigations to identify optimal drainage regimens
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have been conducted. Two RCTs, ASAP (Impact
of Aggressive vs Standard Drainage Regimen Us-
ing a Long Term IPC) and AMPLE-2 (Australasian
Malignant PLeural Effusion-2) evaluated patient
outcomes with various drainage regimens. The
ASAP trial compared daily with every other day
drainage of the same volume of fluid,24 whereas
the AMPLE-2 study compared daily with
symptom-guided IPC drainage.23 Both studies
defined pleurodesis as pleural fluid drainage of
less than 50 mL on 3 consecutive drainage at-
tempts and improved radiographic scores, but
the ASAP trial also specified a lack of patient
symptoms.23,24 Each study determined that daily
IPC drainage was more likely to result in either
complete or partial pleurodesis after IPC place-
ment, with associated fewer catheter-days, when
compared with a less aggressive drainage
regimen, although pleurodesis rates were not the
primary outcome in the AMPLE-2 trial.23,24 Most
cases of pleurodesis and catheter removal
occurred in the first 60 days after placement.23,24

If IPC removal is a patient priority, then an aggres-
sive drainage regimen should be used, but in in-
stances when this is not a strong consideration,
symptom-guided drainage is reasonable.4

The pleurodesis rates of IPC in conjunction with
pleural sclerosants has also been evaluated. Bhat-
nagar and colleagues16 randomized patients to
IPC plus talc slurry or placebo and found those
treated with IPC plus talc slurry achieved pleurod-
esis at a significantly higher rate, at least during the
initial follow-up period. A small study evaluating
the safety of silver nitrate–coated IPCs also re-
ported high pleurodesis rates with a median time
to pleurodesis of 4 days. No formal conclusions
can be drawn from this study given the small sam-
ple size, but results from a larger, multicenter RCT
should be available in the near future.36

Whereas patient-centered outcomes should be
a priority when managing recurrent MPE, pleurod-
esis rates are important from a cost perspective. A
recent analysis evaluating the cost effectiveness of
various drainage regimens and IPC plus talc
administration determined daily IPC drainage
was not cost effective in any clinical scenario.37

Symptom-guided IPC drainage was most cost
effective for patients with a life expectancy of
less than 4 months or an expected probability of
pleurodesis greater than 20%.37 Considering indi-
vidual patient-related factors such as life expec-
tancy and desire to minimize catheter-days, IPC
plus pleural sclerosant administration may provide
a palliative and cost-effective option for the treat-
ment of recurrent, symptomatic MPE.37

The optimal IPC drainage regimen in patients
with a nonexpandable lung is less clear than in
those with a fully expandable lung because of a
lack of formal studies evaluating this topic.
Approximately one-third of the patients included
in the AMPLE-2 trial had nonexpandable lung.
Although patients with a nonexpandable lung
had an overall lower pleurodesis rate than patients
whose lungs expanded, aggressive IPC drainage
was still associated with a higher pleurodesis
rate when compared with symptom-guided
drainage in patients with nonexpandable lung.23

Although this data may provide insight as to the ef-
fect of daily drainage on patients with a nonex-
pandable lung, it should be interpreted with
caution because it was obtained after a post hoc
analysis of very few patients. If catheter removal
is a priority, then an aggressive IPC drainage strat-
egy can be considered, even in the setting of a
nonexpandable lung, but in patients who experi-
ence significant discomfort with daily drainage,
this regimen is not recommended.4

Chemical pleurodesis rates are variable and
depend on the sclerosing agent as well as the un-
derlying method of instillation.25,38 IPC-related
pleurodesis rates are typically lower when
compared with chemical or surgical pleurodesis
performed as a slurry via chest tube or via poudr-
age, but as discussed elsewhere in this article,
patient-centered outcomes, rather than the
achievement of pleurodesis, may be the best mea-
sures of successful MPE management.15,25
Symptomatic Improvement

Although it is now well-established that IPCs pro-
vide symptomatic improvement in patients with
MPE,15,23,24 many studies have sought to deter-
mine if there is a significant difference in improve-
ment when compared with that achieved with
chemical pleurodesis. The TIME2 (Second Thera-
peutic Intervention inMalignant Effusion) RCT eval-
uatedwhether IPCsweremore effective at relieving
dyspnea than chest tube placement and talc slurry
pleurodesis as measured on a 100-mm visual
analog scale. Both groups experienced an
improvement in dyspnea and there was no signifi-
cant difference between the 2 groups at 3 months,
but at 6 months patients with an IPC had less dys-
pnea than patients who underwent talc pleurode-
sis.10 A second, smaller RCT compared IPC with
talc pleurodesis with the primary end point being
improvement in the baseline Modified Borg Score.
Again, dyspnea improved in both groups after the
intervention, but the magnitude of improvement
was not significantly different between the 2
groups.12 Two other RCTs evaluated both dyspnea
and quality of life improvement in patients with IPC
compared with chemical pleurodesis.11,13
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Whereas themeasurements of breathlessness and
quality of life were different in the 2 studies, both re-
ported high baseline breathlessness scores and
poor quality of life that improved after the respec-
tive interventions. Putnam and colleagues13 noted
that patients with IPC had significantly improved
Borg scores after exercise at 30 days when
compared with the doxycycline pleurodesis group,
but this difference was not sustained throughout
the follow-up period. No other significant between
group differenceswere identified in breathlessness
or quality of life in either study.11,13 One propensity-
matched observational study compared symptom
palliation in patients with IPC versus VATS talc
pleurodesis. Although the long-term follow-up
was poor, no significant difference in Eastern
Cooperative Oncology Group performance status
was identified.39 A review of the available data
shows that IPC placement leads to an improve-
ment in breathlessness and quality of life compara-
blewith that achievedwith chemical pleurodesis. In
addition, the combination of IPC plus talc slurry
administration further improves patient breathless-
ness and quality of life scores at various timepoints
when compared with IPC alone.16 The usefulness
of other pleural sclerosants in conjunction with
IPCs is currently being evaluated.

IPCdrainage regimens have also been evaluated
for their effect on symptom improvement. In the
AMPLE-2 study comparing daily versus
symptom-guideddrainage, therewasnosignificant
difference in themeandaily breathlessness or qual-
ity of life as measured on a 100-mm visual analog
scale between the 2 groups; however, patients in
the daily drainage group reported a better quality
of life than patients in the symptom-guided group
as measured by the EuroQoL-5 Dimensions-5
Levels.23 Similar improvements in both the Karnof-
sky Performance Score and the RAND 36-Item
Short Form Health Survey scores were obtained
in the ASAP trial comparing daily versus 3 times a
week drainage.24 IPC drainage regimen does not
seem to havea significant effect onbreathlessness,
but there are conflicting data on whether quality of
life is impacted by drainage strategy.
Health Care Resource Use

Patients with MPE spend a substantial amount of
time in the hospital, and decreased hospitalization
rates and shorter lengths of stay are a priority for
many, especially near the end of their life.11 Two
RCTs have compared IPC placement with chemi-
cal pleurodesis and evaluated hospital length of
stay as the primary study outcome. The AMPLE
(Australasian Malignant PLeural Effusion) trial
found that, in those treated with an IPC, there
was a significant decrease in total hospitalization
days within the first year after the initial procedure,
including the initial hospitalization. Putnam and
colleagues13 also determined that the initial hospi-
tal length of stay was significantly shorter for the
IPC group when compared with the pleurodesis
group. Two other studies have evaluated hospital
length of stay in patients undergoing IPC place-
ment versus talc pleurodesis as a secondary
outcome and also found an IPC shortens the dura-
tion of the initial hospitalization.10,12 A smaller
observational study came to the same conclusion
as these larger RCTs when comparing IPC versus
VATS talc pleurodesis.39 Overall, it is clear from
the literature that IPC placement is associated
with fewer hospitalization days when compared
with chemical pleurodesis using either chest tubes
or thoracoscopy.

Although the need for additional procedures has
not been the primary outcome of any available
study, IPC placement is associated with a signifi-
cantly decreased need for ipsilateral pleural fluid
drainage when compared with either chest tube
or thoracoscopic chemical pleurodesis, and this
difference becomes more evident the longer pa-
tients are followed.11,12,39,40

From a health care cost perspective, the initial
hospitalization required for thoracoscopic or chest
tube pleurodesis is more costly, but a comparison
with IPC requires consideration of life expectancy
and total cost over the life of the patient to manage
the problem of MPE. For patients with a shorter
expected survival duration, the total costs of IPC
strategies may be lower, whereas for those ex-
pected to live longer, chemical pleurodesis may
prove to be less expensive because the cost for
supplies related to continued IPC use would be
less.37 These cost considerations must be
balanced against any differences in quality-
adjusted survival.37 Individual patient preferences
strongly impact perceived utility and quality of
life, so cost-effectiveness analysis should be
applied appropriately and with caution, making
sure to take into account individual level factors
for each decision.

Survival

From the available data, there does not seem to be
a difference in mortality between patients with IPC
versus those treated with chemical pleurodesis for
recurrent, symptomatic MPE.40

Nonmalignant Pleural Effusion

The cause of nonmalignant pleural effusions
(NMPEs) is quite variable, but congestive heart
failure, hepatic hydrothorax, chylothorax, and
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end-stage renal disease are the most common.
Management of the underlying disease process
is the mainstay of treatment, but symptomatic
NMPEs may persist despite optimal management.
It should also be noted that patients with
advanced heart and liver disease who have pleural
effusions may have similar mortality rates to pa-
tients with MPE.41,42 Whereas IPCs were initially
designed for treatment of MPE, their use in pa-
tients with NMPEs is increasing. Older publica-
tions included patients with a variety of etiologies
for their NMPE and are composed primarily of
low-quality non-RCTs. Newer studies, however,
have evaluated the safety and efficacy of IPCs
for NMPEs from specific etiologies. This finding
is important because the efficacy and complica-
tion rates of IPCs varies significantly based on
the underlying cause of the effusion.
Complication rates of IPCs when used for hepat-

ic hydrothorax are indeed higher than with MPE.
Shojaee and colleagues43 published a multicenter
retrospective evaluation of IPC use in patients
with refractory hepatic hydrothorax. No specific in-
formation regarding symptom improvement was
provided, but 28% of patients experienced pleu-
rodesis, allowing for IPC removal. However, the
observed infection rate in this population was
10% with an associated 2.5% mortality rate.43

Other studies of drainage procedures for patients
with hepatic hydrothorax have reported even
higher infection rates ranging from 16% with IPCs
up to almost 50% with chest tube placement and
hospitalization.44,45 Infectious complications are
not theonly concernwith IPCuse for hepatic hydro-
thorax. Electrolyte disorders, renal failure, and pro-
tein loss are other things to consider when placing
an IPC for treatment of refractory hepatic hydrotho-
rax. In contrast with hepatic hydrothorax, IPCs are
generally well-tolerated and associatedwith a rela-
tively low risk of infection in patients with conges-
tive heart failure, with most studies reporting
empyema rates between 0% and 4%.45 Pleurode-
sis rates in patients with congestive heart failure–
related effusions may also be higher compared
with those with hepatic hydrothorax.46 Reported
pleurodesis rates range from 25% to 44% and
even higher when combined with talc
administration.45,47

Only small case series are available for IPC use
in patients with chylothorax or end-stage renal
disease–related NMPEs; therefore, we cannot
draw strong conclusions. Potechin and col-
leagues48 reported the outcomes of 8 patients
with end-stage renal disease–related pleural effu-
sions treated with IPC and found that all patients
experienced significant improvement in dyspnea
with 37.5%, achieving pleurodesis allowing for
successful IPC removal. No cases of empyema
or other serious complications were reported.
Small retrospective case series describing the
use of IPC for refractory chylothorax report pleu-
rodesis rates up to 64% with no significant infec-
tious or nutritional complications reported.49,50

Because the use of IPCs for NMPEs may continue
to increase over time, well-designed RCTs will be
necessary to determine how suitable they are for
long-term use in specific patient populations.
COMPLICATIONS

Despite all the highlighted benefits of IPCs, there
are potential complications. The most common
long-term complications include a nondraining
catheter, tract metastasis, and infection, but
each of these are relatively rare occurrences.
Removal of an IPC in response to any complication
occurs in fewer than 10% of patients.25

A nondraining cathetermaybea signof success-
ful pleurodesis, but may also be related to catheter
malfunction, an issue reported to occur in 5% to
14% of patients.4 Evaluation of the pleural space
with chest imaging as well as a review of patient
symptoms is indicated when catheter drainage
ceases, especially when it occurs suddenly. Cath-
etermalfunction is likely in the presence of a persis-
tent pleural effusion and respiratory symptoms.
Occlusion of the IPC with a fibrin clot may occur
and symptomatic pleural loculations may also
develop. Flushing the IPC with saline is the recom-
mended first step for treatment of catheter mal-
function. If pleural fluid drainage does not improve
after the saline flush, administration of intrapleural
fibrinolytics may be indicated. Several studies
have evaluated the use of intrapleural fibrinolytics
via IPC for the treatment of symptomatic pleural
loculations, with a variety of medications and dos-
ages being reported.4,51,52Most studies show fibri-
nolytic administration may be successful in
improving IPC drainage after a dwell time of 60 to
120 minutes, but many patients will require repeat
administration.4 Alteplase is the most commonly
reported fibrinolytic, usually at a dose of 2 to
10 mg. A recent consensus statement from Gilbert
and colleagues recommends alteplase to reestab-
lish IPC patency, whereas guidelines from Miller
and colleagues do not recommend any particular
fibrinolytic or dose.4,14 Although reported to occur
in less than 3%of patients with a nondraining cath-
eter, bleeding is the most common complication of
fibrinolysis and, therefore, individual bleeding risk
must be considered before use.4,51,52

Infections, particularly empyema, are the most
worrisome potential complications associated
with IPC use. Cellulitis and exit site infections
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occur slightly more frequently, but pleural space
infections are reported to occur in less than 5%
of patients with an IPC for MPE.4,7 The largest
study evaluating clinical outcomes of patients
with IPC-related pleural infections reported an
associated mortality rate of 6%, suggesting that
the outcomes are much better than previously re-
ported.53 Recent guidelines and expert panel rec-
ommendations for the management of IPC-related
infectious complications are now available.4,14

Specific recommendations depend on the individ-
ual process (Table 1), but despite previous no-
tions, removal of an IPC is often not required.
Table 1
Summary of IPC infectious complications and manag

Type of Infectious
Complication Recommended M

Cellulitis
Erythema, warmth, edema
and pain of the skin and
immediate subcutaneous
tissue

Antibiotic therap
Adequate covera
skin pathogens

Outpatient mana
usually sufficie

Longer duration
may be necessa
tract infections

Exit site
Purulent drainage at the
catheter skin exit site

Erythema, edema,
induration and
tenderness may be
present

Localized within 2 cm of the
exit site

Tunnel tract
Erythema, edema,
induration and
tenderness greater than
2 cm along the catheter
tract

Pleural space
Either:
Purulent material

draining from the
catheter

Clinical symptoms of
infection and positive
pleural fluid Gram stain
or culture

Clinical symptoms of
infection and apparent
infectious pleural fluid
based on lactate
dehydrogenase,
glucose, or pH

Obtain pleural fl
microbiologica

Attempt continu
increased frequ
drainage of IPC

Consider instillat
fibrinolytics an
IPC if inadequa

Administer broad
antibiotics initi
escalate based
microbiologica

Data from Miller RJ, Chrissian AA, Lee YCG, et al. AABIP Evide
Management of Indwelling Pleural Catheters. J Bronchology In
MM, Light RW, et al. Management of Indwelling Tunneled Pl
Chest. 2020;158(5):2221-2228.
Cellulitis, exit site, and tunnel tract infections can
usually be managed with outpatient antibiotics
that adequately cover skin pathogens, although
longer courses of treatment may be necessary
for tunnel tract infections. When a pleural space
infection is suspected, pleural fluid cultures should
be obtained, although the ideal method for obtain-
ing the fluid (via the catheter or a thoracentesis)
has not been evaluated formally. Broad spectrum
intravenous antibiotics, including consideration of
anaerobic coverage, should be started while
awaiting culture results. Continuous or increased
frequency of pleural fluid drainage should also be
ement recommendations4,14

anagement Indications for IPC Removal

y
ge of typical

gement
nt
of treatment
ry for tunnel

Failure of antibiotics to resolve
the infection

uid for
l studies
ous or
ency

ion of
d DNase via
te drainage
spectrum

ally and de-
on
l studies

Concomitant tunnel tract and
pleural space infection

Inadequate pleural drainage
despite fibrinolytic
administration

Lack of clinical improvement
despite aggressive care

nce-informed Guidelines and Expert Panel Report for the
terv Pulmonol. 2020;27(4):229-245 and Gilbert CR, Wahidi
eural Catheters: A Modified Delphi Consensus Statement.



Fig. 3. Tunnel tract metastases diagnosed via biopsy
after no significant improvement was seen with anti-
biotic therapy. (Photo courtesy of Dr. Horiana Grosu.)

� IPCs improve baseline breathlessness and
quality of life, while also decreasing hospital
length of stay when compared with chest
tube and thoracoscopic pleurodesis.

� IPC-related infectious complications
contribute to less patient morbidity and mor-
tality than previously believed.

� Well-designed RCTs emphasizing patient-
centered outcomes should be the focus of
future IPC studies.
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initiated. If drainage is incomplete or significant
loculations are present, intrapleural fibrinolytics
and DNase are recommended in an attempt to
prevent the need for lung decortication. There
are several instances where the removal of an
IPC and the placement of a chest tube may be
necessary. These circumstances include concom-
itant tunnel tract and pleural space infection, poor
pleural fluid drainage despite fibrinolytic adminis-
tration, or a poor clinical response to aggressive
treatment.4,14 Historically, there have been con-
cerns that patients actively treated with chemo-
therapy may be at increased risk of IPC-related
infectious complications, but current evidence
suggests otherwise.4,54 There are currently no rec-
ommendations for prophylactic IPC removal
before chemotherapy administration or to withhold
placement in preparation for systemic treatment.4

Tunnel tract metastasis is an uncommon occur-
rence seen in less than 5% of patients with an IPC
(Fig. 3). It is thought to occur from migration of tu-
mor cells from the pleural space through the sub-
cutaneous tissue and is most common in patients
with mesothelioma. Diagnosis can be obtained
with a percutaneous biopsy and treatment gener-
ally consists of localized radiation.21
SUMMARY

The breadth of knowledge regarding IPCs has
increased substantially in the last decade. Avail-
able research has established that IPCs are effec-
tive at improving patient symptoms and
minimizing hospitalization rates and lengths of
stay, but are associated with a risk of potential
complications. Fortunately, recent research has
shown that the complication rates are relatively
low, albeit not negligible. Pleurodesis rates
achieved with IPCs are lower when compared
with chemical or surgical pleurodesis, but IPCs
are associated with a decreased need for repeat
pleural procedures and similar quality of life.
Understanding individual patient preferences

and utilities is essential when determining optimal
management for a recurrent, symptomatic pleural
effusion and this information should influence
treatment decisions. The future of MPE manage-
ment likely lies in combined therapies, such as
IPC plus a pleural sclerosant, at least in patients
whose lung expands with drainage. This combina-
tion therapy may provide more optimal benefits
than each individual procedure, although further
research is needed. Effective pleurodesis and sub-
sequent IPC removal is important, especially
in regard to cost effectiveness and burden of
catheter-related care, but future research should
ideally focus on patient-centered outcomes.15

Consistency of measurements between studies
would also allow for a more direct comparison of
results and add to the current body of knowledge.
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KEY POINTS

� Medical thoracoscopy is a minimally invasive diagnostic and therapeutic procedure for a variety of
pleural diseases.

� It has a high diagnostic yield in the evaluation and management of exudative pleural effusions,
especially in malignant pleural effusion and tubercular pleuritis.

� Medical thoracoscopy can be performed with the use of local anesthesia, usually combined with
intravenous medications for moderate sedation.

� Both rigid and semirigid thoracoscopes can be used, approaches are similar, but equipment differs
greatly.

� In a subset of patients with pleural disease, invasive management strategy discussions are best un-
dertaken in a multidisciplinary manner.
INTRODUCTION HISTORY
Medical thoracoscopy (or pleuroscopy; MT) is a
commonly performed diagnostic and therapeutic
procedure in which the pleural space is visualized
using a thoracoscope. It is mainly a diagnostic pro-
cedure, although some therapeutic applications
do exist. In the United States, it is primarily per-
formed by pulmonologists with interventional pul-
monology (IP) training. The main indication for
MT is the diagnosis of undiagnosed exudative
pleural effusions. However, some therapeutic indi-
cations have been proposed, such as thoraco-
scopic talc poudrage pleurodesis and the
management of complicated intrapleural infec-
tions. Introduced over a century ago, it remains a
foundational intervention in pleural medicine,
albeit underused. When applied to the right pa-
tient, it is a safe and effective procedure that can
be performed in the endoscopy suite or the oper-
ating room.
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The term “thoracoscopy” (or its derivatives) is
found in French reference books as early as the
1840s.1 Although cited in the literature, it is not
clear if MT was being performed at that time. The
first reported procedure that mirrors modern MT
was published in 1866 by Samuel Gordon, and
performed by an Irish urologist, Francis Cruise.2

He reported using an endoscope inserted into a
pleural fistula of an 11-year-old girl with chronic
empyema.

The application of modern MT is credited to
Hans Christian Jacobeus (1879–1937), a Swedish
internist.2 In 1910, 2 thoracoscopies were
described in a series of endoscopic examina-
tions.3 A year later, a follow-up report of 35 cases
was published. Jacobeus adapted a cystoscope
for these procedures and performed them using
local anesthesia (LA). Initial applications of this
procedure were for the treatment of tuberculosis.
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Thoracoscopy was used for adhesiolysis to inten-
tionally collapse infected lobes, which was the
main treatment for tuberculosis at the time. The
procedure became known as the Jacobeus Unver-
richt Operation.4,5 Treatment of pulmonary tuber-
culosis was the most common application for MT
until antituberculous medical therapy became
established in the 1950s. After this period, the
use of MT dramatically declined outside of a few
expert centers in some countries of continental
Europe: Germany, Austria, Holland, Italy, and
France.6

Owing to the advancement of optics and video
technology, modern MT resurged in the 1980s
and 1990s. These same advances also propelled
surgeon-led video-assisted thoracoscopic surgery
(VATS). Although there is some overlap in indica-
tions and techniques between these procedures,
they remain distinct. MT typically involves the
introduction of a thoracoscope into the pleural
space via a single small intercostal incision to
inspect and perform biopsies of visible structures
(biopsies are principally obtained of the parietal
pleura). MT is most often facilitated by LA in a
spontaneously breathing patient, and in fact,
labeled as “local anesthetic thoracoscopy” in the
United Kingdom. VATS, alternatively, is performed
under general anesthesia, the lung in the hemi-
thorax of interest is isolated from ventilation, and
multiple incisions are used to permit insertion of
an optical instrument as well as surgical instru-
ments to facilitate a therapeutic intervention (eg,
lobectomy). VATS indications are primarily thera-
peutic, whereas MT indications are primarily diag-
nostic. VATS requires single lung ventilation and
the use of general anesthesia.7 It should be noted
that VATS can be performed in awake, spontane-
ously breathing patients, and MT can be per-
formed with general anesthesia and lung isolation.
MT and VATS are best seen as complementary

procedures and critical components of a neces-
sarily multidisciplinary approach to complex
pleural diseases. One misconception is that MT
should be considered in patients who, for general
medical reasons, are not suitable candidates for
VATS. In our opinion, aside from rare situations,
MT should be viewed as a minimally invasive tech-
nique offered to patients when conversion to VATS
is not expected, and diagnosis can be made by bi-
opsy of the parietal pleura (ie, tuberculosis and
malignancy). Primary VATS, however, should be
performed (in a diagnostic setting), when the
visceral pleura/lung would need to be biopsied,
the pleural space is complex with multiple adhe-
sions, or there is a higher risk of needing to convert
to thoracotomy. Such a conversion is rarely
needed but does occasionally happen. A scenario
like this highlights the need for a multidisciplinary
approach in which general pulmonologists, IP,
and thoracic surgery synergistically contribute to
pleural disease management.
There are geographic variations in MT practice

patterns. MT is more commonly performed
outside of the United States. In a survey study
that included responses from England, Scotland,
and Wales, 95% of responding centers (n 5 37)
considered LA MT their preferred method for
investigating pleural effusions of unclear etiology.8

In a survey study conducted in India, 100 of the
105 respondents reported they performed MT.
Most respondents were pulmonologists who
used a rigid thoracoscope.9

COMMON INDICATIONS AND OUTCOMES

MT provides access sufficient for sampling of
pleural fluid, visualization of the parietal and
visceral pleura, biopsies of the parietal pleura,
and a pathway to introduce agents to achieve
pleurodesis. When indicated, MT may provide
valuable diagnostic information or treatment op-
tions with little risk to patients.
The common indications for MT are evaluating

exudative pleural effusions of unclear etiology,
performing pleurodesis, diagnosis, and staging of
malignant pleural mesothelioma (MPM), and in
some selected cases, empyema management. It
is essential to keep in mind that regardless of the
indication, MT should only be performed when
other simpler and safer diagnostic or therapeutic
methods failed or cannot be performed (ie, thora-
centesis with pleural fluid analysis [PFA]). As with
any invasive procedure, careful analysis of a risk-
benefit ratio should take place.

Exudative Pleural Effusion

The most common indication for MT is the evalua-
tion of exudative effusions of unclear etiology.10

When investigating a pleural effusion, a thoracent-
esis with PFA is widely considered the first diag-
nostic step in the management pathway.
However, it is estimated that PFA can help estab-
lish the diagnosis of effusion in only 75% of pa-
tients.11 In scenarios in which a PFA is not
diagnostic, progression to MT may be able to pro-
vide a definitive diagnosis in up to 95% of patients.
There are many causes of pleural effusions

including transudates (typically from heart, liver,
or kidney disease), parapneumonic effusions,
pleural space infections, and malignant pleural ef-
fusions (MPEs), among manymore uncommon eti-
ologies.12 Often, a careful history and physical
examination can help narrow the differential diag-
nosis. Laboratory and radiographic investigations
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also provide valuable information.13 However, it
often remains challenging to ascertain the diag-
nosis of an exudative pleural effusion.11 These
tend to be exudative effusions, particularly
lymphocytic-predominant exudates, in which ma-
lignancy and tuberculosis account for most cases
of unclear etiology (as the other prevalent cause of
lymphocytic exudates, postcardiac surgery effu-
sions, is typically clear based on medical history).
For MPE, the sensitivity of pleural fluid cytology
for identifying a malignancy is limited to 60%,
although it varies based on cell type.14 The sensi-
tivity of pleural fluid cytology for breast cancer or
pancreatic cancer is higher, whereas sensitivity
for head and neck malignancy, sarcoma, or renal
cancer is low.15 Pleural fluid cytology diagnostic
rates are also higher in lung adenocarcinomas
versus lung squamous cell carcinomas.12 When
tumors with a low likelihood of positive pleural fluid
cytology yield are suspected, MT may be consid-
ered as a first step in the diagnostic algorithm of
unexplained exudative pleural effusions.

When clinical history and supporting investiga-
tions (including imaging and PFA) cannot solidify
a diagnosis, a diagnostic MT is indicated. In addi-
tion to obtaining samples for PFA, MT allows for
various tools to be used to biopsy the parietal
pleural. Generally, samples are obtained from
abnormal-looking pleura. Flexible forceps can be
used via a semirigid thoracoscope, and rigid for-
ceps can be used through a rigid thoracoscope.
The diagnostic yield for MT in pleural diseases
such as MPE and tuberculous pleural effusions is
very high (91%–99%).12,16 Importantly, it has
been proven to be a safe procedure; morbidity
(1.8%) and mortality (0.3%) rates are low.16

At times, the parietal pleura appears grossly
normal. In this scenario, random biopsies are ob-
tained from parietal pleura overlying ribs where
there is minimal risk of disrupting an intercostal ar-
tery. The application of narrow-band imaging (NBI)
has shown some promise and may assist in cases
without gross visual abnormalities. In a case series
of 100 patients, NBI was found to have a higher
specificity for pathology (81.82%) when compared
to white light thoracoscopy (27.27%).17 NBI can
be used to help identify optimal target biopsy
sites.18 Similarly, some data suggest autofluores-
cence MT has higher diagnostic sensitivity than
white light MT (100% vs 92.8%), it has also been
used to help identify parenchymal abnormal-
ities.19,20 These findings are important as it has
been shown that MT proceduralists are not adept
at predicting whether obvious pleural abnormalities
are benign or malignant on a visual basis.21 The role
of intraprocedural rapid on-site cytologic examina-
tion is not clear for MT but is under active study.22
At times, samples obtained from flexible forceps
are too small or unable to provide helpful informa-
tion. In a scenario such as a fibrothorax or meso-
thelioma, obtaining biopsy samples with flexible
forceps may be limited because of the presence
of a scarred, thickened pleural surface. Additional
tools can be used through the working channel of
the semirigid thoracoscope. Cryobiopsies, for
example, have been obtained from the pleural cav-
ity. In a crossover study, Dhooria and colleagues
reported that pleural cryobiopsies were larger
when compared to flexible forceps biopsies (me-
dian size 7.0 mm vs 4.0 mm).23 The procedure
was also noted to be faster when performed with
a cryoprobe. However, there were no differences
in the diagnostic yield between the 2 tools. Pa-
tients in this study underwent semirigid thoraco-
scopy for undiagnosed pleural effusion and had
both flexible forceps biopsies and cryobiopsies
performed.23 A meta-analysis of 7 observational
studies (which included 311 cryobiopsies and
275 flexible forceps biopsies) showed similar diag-
nostic yields for both tools.24 In addition to using a
cryoprobe, various cutting and coagulation tools
can be used to assist in obtaining biopsies in
MT; data are limited to case reports and case se-
ries. The sample sizes are small and are limited to
2 to 20 patients per study.25–27

Much like using a cryoprobe, larger samples can
be acquired with the more robust tools that are
used with a rigid thoracoscope. Similar diagnostic
adequacy of biopsy specimens between semirigid
or rigid MT has been reported.28,29 Other studies
have reported conflicting data.30 A randomized
controlled trial (73 patients randomized in a 1:1 ra-
tio) that compared semirigid MT and rigid MT in
patients with undiagnosed exudative pleural effu-
sions showed that the diagnostic yield of rigid
MT was not superior to that of semirigid MT.31

The diagnostic yield of MT has also been
compared to VATS. In a retrospective study that
assessed MT and VATS pleural biopsies in pa-
tients with undiagnosed pleural effusions, MT
was found to have similar diagnostic yield and
safety compared to VATS.32 Importantly, MT was
noted to be associated with a shorter length of
stay (median of 0 days vs 3 days) and a lower
average cost per procedure ($2815 vs $7962)
when compared with VATS.

In some parts of the world, TB is a common eti-
ology of undiagnosed lymphocytic exudates.
Based on a Chinese case series of 429%, 78%
of unilateral non-MPE were due to tuberculosis.33

Thoracoscopy continues to play an essential role
in the management of TB pleural disease. The
microbiological analysis of pleural fluid has poor
sensitivity in TB pleuritis; one series estimates it
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is less than 18%.34 While generally considered a
last remaining indication for closed (blind) pleural
biopsies, MT has outperformed closed pleural bi-
opsies as a diagnostic tool in patients with TB
pleuritis. A histopathological confirmation rate of
99% via MT acquired samples (333 cases of
confirmed TB pleuritis) has been reproted.16
Pleurodesis

Pleurodesis by talc poudrage is a technique in
which a pleural sclerosant is blown/insufflated
into the pleural space to evenly coat the parietal
and visceral pleural surfaces. Poudrage is a com-
mon indication for MT, it is a method that can be
used for definitive treatment of primary sponta-
neous pneumothorax (PSP) or MPE. However,
some still recommend lung resection of visceral
pleural blebs and bullae (thus favoring surgical ap-
proaches) for PSP management. Recent evidence
suggests no difference between a thoracoscopic
approach and less invasive talc slurry for achieving
pleurodesis in patients with MPE.35 Although the
invasiveness of the procedures varies, there is no
definitive evidence to suggest a particular strategy
of recurrence prevention in PSP.36 There is no sig-
nificant evidence that blebectomy offers any
advantage over talc pleurodesis alone in the treat-
ment of pneumothorax. Pleurodesis is usually un-
dertaken in the setting of ipsilateral recurrence,
an initial contralateral episode, or initial episodes
in special occupations such as airline pilots.37,38

Poudrage is also commonly performed in the
setting of MPE, sometimes in conjunction with
diagnostic MT. Talc is the most used sclerosant.
The European Respiratory Society’s PSP Task

Force Statement recommends pleurodesis be per-
formed for the indications listed earlier.36 MT with
talc poudrage is one method of achieving pleurod-
esis. It has been shown to prevent recurrence in
patients with PSP. In a prospective randomized
control trial, 180 patients with PSPs were treated
with either MT with talc instillation (n 5 61) or
pleural drainage (n 5 47). The need for a second
procedure and pneumothorax management was
greater in the pleural drainage tube group (10/47,
21%) than the MT with talc installation group (1/
61, 2%). In addition, a 5-year follow-up showed
that recurrence was higher in the pleural drainage
(24%) versus the thoracoscopic group (5%).39

Although talc pleurodesis has also been shown
to be effective in MPE, in a Cochrane network
meta-analysis of MPE management, talc poudr-
age was highly effective and resulted in fewer
pleurodesis failures.40 A multicenter randomized
control trial of 330 patients who received either
talc poudrage (via MT, 166 patients) or talc slurry
(via chest drain, 164 patients) showed that both
modalities had similarly low pleurodesis failure
rates at 90 days. The failure rate in the poudrage
group was 22%, and the failure rate in the talc
slurry group was 24%.35

Talc poudrage is performed after entering the
pleural space, draining the pleural effusion (if pre-
sent), and performing a full inspection of the hemi-
thorax. Poudrage is completed by insufflating
sterile, graded talc in an even distribution across
the pleural cavity. Typically, 2 to 5 gm are used
to achieve pleurodesis in MPE. The dose used
for the treatment of pneumothorax is less (1–2
gm). Insufflation devices consisting of a power-
filled insufflation bulb attached to a cannula can
be used to create the mist for evenly coating the
surfaces of the parietal and visceral pleura in a
controlled fashion.41 Graded talc is used for these
procedures. Large particles do not disseminate
systemically and therefore do not result in inflam-
matory responses and acute respiratory distress
syndrome previously described with nongraded
talc. A large multicenter study of 558 patients us-
ing large-particle-graded talc showed a 0% fre-
quency of acute respiratory distress syndrome
development.42
Empyema and Complex Pleural Effusions

The presence of active suppuration within the
pleural space, or a positive Gram stain/culture de-
fines an empyema.43 It is a serious condition, and
morbidity and mortality remain high. Treatment
strategies span a spectrum and include antibiotics
in a combination of chest tube drainage (without or
without intrapleural enzymatic therapy [IET]) or
surgical management via VATS or an open thora-
cotomy. Defining the gold standard of treatment
remains an area of active investigation. The Amer-
ican Association for Thoracic Surgery consensus
guidelines for the management of empyema rec-
ommends VATS as the first-line approach in all pa-
tients with stage II acute empyema (class IIb
recommendation, level B evidence).44

MT has limited application in the setting of em-
pyema. Typically, conservative therapy (tube thor-
acostomy with or without IET) is followed by
surgery if unsuccessful. Surgery is usually per-
formed via VATS, but occasionally open thoracot-
omy may be required as well. Some data suggest
that VATS is superior to tube thoracostomy for pa-
tients with empyema or complex pleural effusions:
two different randomized controlled trials showed
that early/immediate VATS was associated with a
lower length of stay compared to an only tube
thoracostomy approach.45,46 These studies, how-
ever, were conspicuously underpowered, did not
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include patients treated with IET, and further
research is needed to clarify these findings.

There have been several reports describing MT
as a therapeutic option for the management of em-
pyema. Success rates are reported to be between
75% and 91%.47,48 These studies are limited by
their retrospective nature and small sample size.
MT was deemed successful in 91% of patients
with empyema treated with MT on one retrospec-
tive study (n 5 127). Six percent of patients
required surgical pleurectomy.47 Another retro-
spective study (n 5 41) showed an MT success
rate of 85.4%.48 In this series, there was 94% suc-
cess (31/33) in patients who had ultrasound fea-
tures showing a free-flowing fluid or
multiloculated fluid. There was only 50% success
(4/8) in patients with an organized effusion. Kheir
and colleagues reported the results of a random-
ized controlled trial that compared IET and MT in
patients with pleural infection. Patients who under-
went MT had a shorter medial length of stay
(2 days) when compared with those who received
IET (4 days).49 The study, however, was criticized
for comparing two treatments with inherently
distinct lengths of inpatient treatment, which
biased the primary endpoint in favor of MT.50

There are no published data that compare out-
comes of MT versus VATS in patients with pleural
space infections. It is critical to keep this in mind as
MT is not considered the standard of care for em-
pyema, and patient selection remains essential.

If MT is performed to treat a pleural space infec-
tion, it is believed that rigid thoracoscopy is better
than semirigid thoracoscopy. The rigid thoraco-
scope tools allow for a more extensive lysis of ad-
hesions. In a case series of 160 patients with
empyema who were subjected to LA MT, 150
(93.7%) had either complete or partial radio-
graphic resolution.51 All patients in this study un-
derwent rigid thoracoscopy.

In summary, the more complex the pleural
space is, the less likely that MTwill be useful. How-
ever, several publications regarding the effective-
ness of rigid thoracoscopy for multiloculated
empyema have been published. Their summative
effectiveness is 287 of 311 (92.8%).47,48,51
Malignant Pleural Mesothelioma

The worldwide annual case rate of MPM is 30,000;
its incidence is estimated to double over the next
20 years.10 Within the United States, the incidence
of MPM is falling.52 The diagnosis is generally
considered difficult if not impossible to make by
PFA-derived cytology; pleural biopsies are usually
required. Sensitivity for MPM via PFA varies
widely.4,53 Data suggest that pleural fluid cytology
has poor sensitivity for diagnosing MPM (20%–
51%).12,54,55 Even if PFA suggests MPM, biopsies
provide useful information about histologic sub-
types.56 There are various ways to obtain pleural
biopsies when investigating MPM: radiologically
assisted percutaneous sampling, MT, and
VATS.57 Procedure site metastasis has to be
kept in mind in patients with MPM, an incidence
of 16% has been reported with thoracoscopy.58

MT has a high diagnostic yield for MPM; it is
estimated to be greater than 95%.59–61 To mitigate
the risk of MPM seeding, the American Society of
Clinical Oncology recommends limiting the num-
ber of ports used to obtain diagnostic biopsies a
single or dual-port approach.62 MT as a single
port approach is commonly used. The thick fibrous
lesions of MPMmay limit the ability of the semirigid
thoracoscope’s flexible forceps to obtain
adequate samples. Adjunct tools for imaging (fluo-
rescence-guided) or sample acquisition (cryobi-
opsy or thermal modalities).10
PREPROCEDURE PLANNING

Before the decision to perform MT, a thorough pa-
tient evaluation must occur. The acquisition of a
detailed medical and drug history and the perfor-
mance of a physical examination is essential.
Appropriate imaging must be reviewed. Available
blood work such as a complete blood count and
coagulation profile can provide helpful informa-
tion. Several contraindications exist for MT
(Table 1). The most important of which include
the lack of pleural space. Obesity may make the
procedure technically challenging.63

Although a large body of MT-specific data does
not exist, most proceduralists follow the coagula-
tion parameters and recommendations for antico-
agulation and antiplatelet agents advised for
obtained traditional transbronchial biopsies.64
PROCEDURE SPECIFICS
Environment

MT should be performed either in an endoscopy
suite room or an operating room to mitigate the
risk of infection.65 This determination is based on
institutional resources and anesthesia needs.
There are no studies that address if prophylactic
antibiotics are required for MT. However, it is sug-
gested that a first-generation cephalosporin (such
as cefazolin) is the appropriate prophylactic anti-
biotic choice for lung resection surgery.66 Vanco-
mycin is suggested as an alternative if there is a
penicillin allergy or if there is a history of
methicillin-resistant Staphylococcus aureus.66 Its
benefit in MT remains unknown.



Table 1
Contraindications to medical thoracoscopy

Relative Absolute

Short life expectancy or poor functional
status

Lack of safe access to the pleural space

Refractory cough Inability to obtain informed consent from the patient
or their surrogate

Coagulopathy Evidence of infection at the planned access site

Hypersensitivity to local anesthesia or
other medications that are being used

Unstable hemodynamic or respiratory
status
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Anesthesia

One of the advantages of MT is the ability to
perform the procedure without the need for gen-
eral anesthesia. The procedure itself can be per-
formed with LA alone. Patient comfort can be
enhanced using moderate sedation or monitored
anesthetic care in conjunction with LA. A random-
ized control trial compared MT with lidocaine-
based LA (n 5 40) and MT with lidocaine LA and
midazolam (n5 40). Those in the midazolam group
showed more favorable scores measured by vi-
sual analog scale for both cough and pain at the
end of MT.67 Their scores for discomfort, fear,
and willingness to repeat the procedure 24 hours
after MT were also lower.67 Another randomized
study compared MT with midazolam or MT with
propofol. The primary endpoint was intraproce-
dural mean oxygen saturation nadir. Patients ran-
domized to the propofol group showed more
episodes of hypoxemia and hypotension
compared with the midazolam group.68

Anatomy

The most common access point for MT is the axil-
lary triangle. The area is bounded superiorly by the
axilla, anteriorly by the lower edge of the pectoralis
major muscle, and posteriorly by the anterior edge
of the latissimus dorsi muscle. The inferior border
is typically the level of the nipple. Caution must
be considered in scenarios in which the nipple
level is lower than anatomically expected (pendu-
lous breasts).

Special Access

Before positioning the patient, safe access to the
pleural space must be ensured. Often, this is per-
formed using a preprocedural ultrasound to iden-
tify a pleural effusion or findings consistent with a
pneumothorax. A lack of lung sliding on ultrasound
should give pause before MT. Unless there is a
known pneumothorax, this finding may suggest
pleurodesis and an inability to safely access the
pleural space. In situations where access to the
pleural space may be challenging (small pneumo-
thorax or small pleural effusion), additional air can
be entrained into the pleural space. Air entry will
enlarge the pleural space and allow for safer ac-
cess. Air entry can be performed in a variety of
ways; one technique is a use of a Boutin Trocar
(Novatech, La Ciotat, France) (Fig. 1). A pneumo-
thorax can also be introduced via a special pneu-
mothorax needle under pressure control.69 In
cases of extreme difficulty with creating a pneu-
mothorax (secondary to adhesions), blunt dissec-
tion with the use of a finger or Kelly forceps can
be considered. It is important to note that MT is
contraindicated if the pleural space has been
completely obliterated.
Procedural Steps

� The appropriate monitoring devices should be
placed on the patient. When MT is being per-
formed with moderate sedation or monitored
anesthesia care, this typically includes telem-
etry leads for continuous monitoring, pulse
oximetry probe, and noninvasive blood pres-
sure monitoring. Adequate oxygenation
should be assured, with supplemental oxygen
being given as needed to maintain an accept-
able pulse oximetry reading.

� The patient is positioned in a lateral decubitus
position with the affected side up (Fig. 2).
Their head should be comfortably resting on
a pillow. The arm of the affected side should
be placed above the patient’s head with the
help of the sling or similar device. The pa-
tient’s dependent flank should be supported;
a rolled sheet can be used. An axillary roll
should be used to protect the brachial plexus



Fig. 1. In scenarios where the pleural space may be
challenging to access because of a small pleural effu-
sion or pneumothorax, adjunct tools can be used to
gain access and enlarge the space. An example is the
Boutin Trocar (Novatech, La Ciotat, France). This trocar
can be used to puncture the parietal pleural and
entrain air from the atmosphere to induce or enlarge
a pneumothorax. This maneuver allows the lung to
collapse toward the hilum, allowing for a larger win-
dow for safe pleural access.

Fig. 2. The patient should be positioned with the
affected side facing up. Their pressure points should
be supported appropriately. The affected side’s arm
should be positioned in a manner that places it out
of the surgical field. In this image, an arm supported
is used to position the patient’s right arm.

Fig. 3. After an entry site has been selected and the
patient has been positioned appropriately, the site
must be prepped in a similar manner to thoracic surgi-
cal procedures. The area should be cleaned according
to local surgical site preparation recommendations.
Ample drying time must be allowed before the area
is draped.
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of the recumbent side. It is vital to protect the
patient’s pressure contact points using
padding between the knees and the lower
legs. The operator stands on the ventral side
of the patient’s face.

� After proper positioning, the patient is pre-
pared and draped based on local institutional
recommendations (Fig. 3).

� Generous administration of LA (1% lidocaine
without epinephrine) to pain-sensing struc-
tures of the entry site (skin, subcutaneous tis-
sue, intercostal muscles, periosteum of the
ribs, and parietal pleura) is of utmost impor-
tance. Care should be taken not to inject LA
into local vascular structures such as the
intercostal vessels.

� There are multiple ways to perform MT after
the administration of LA. We outlined one
approach in this text: MT with a semirigid thor-
acoscope under LA andmonitored anesthesia
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care in the operating room (Fig. 4). Similar
steps are undertaken if a rigid thoracoscope
is used, the thoracoscope equipment will
differ.
� After administering LA, a small 25-gauge
needle is used to aspirate either air or fluid
from the affected pleural space (Fig. 5).
Once confirmed that pleural contents have
g. 4. The Olympus LFT-160 (Olympus Medical Sys-
ms Corporation, Tokyo, Japan) is a semirigid thora-
scope, which is commonly used for medical
oracoscopy. It required a single-entry site, an
mm inner diameter disposable trocar. Analogous
some flexible bronchoscopes, its insertion tube is
rrow (7 mm), and it has a 2.8 mm working channel.
also features 160� upward and 130� downward
gulation capability. This thoracoscope is also
toclavable.

Fig.
est
anes
anes
acce
aspir
been aspirated, it is safe to proceed with
further dissection of the soft tissues. In situ-
ations of small pneumothoraxes or small
pleural effusions, a Boutin Trocar or similar
device can be used to induce or enlarge a
pneumothorax for safe entry into the
affected pleural space (Fig. 1). The tech-
nique of artificially inducing a pneumo-
thorax has been described in the literature
and thought to be safe.70

� After the ability to safely access the pleural
space has been confirmed, a scalpel is
used to make a 1 cm incision that runs
parrel with the selected intercostal space
(Fig. 6). This incision should be deep
enough to expose subcutaneous tissue.
Once this depth has been reached, a Kelly
forceps can start blunt dissection to expose
the area further. Palpation with the forceps
or finger should be undertaken to palpate
the underlying rib. The forceps are then
used to guide over the superior border
of the rib, this plane of entry avoids injury
to the neurovascular bundle that runs under
the rib. The pleural space can then be
5. Before making any incisions, the area of inter-
should be thoroughly anesthetized with local
thesia. Small profile needles used to deliver local
thesia to deeper structures should also be used to
ss the pleural space and confirm the location by
ating abnormal contents.



Fig. 6. Once an access area has been selected and
appropriately anesthetized, a scalpel can be used to
create a 1-cm incision for the trocar. This incision
should run parrel with the ribs and be placed at the
inferior border of the rib in the rib space of interest.
The incision can be deepened with blunt dissection
till resistance is lost; this indicates the visceral pleural
has been violated.

Fig. 7. The trocar is well seated into the affected
pleural space; pleural fluid is seen escaping from the
space in sync with the respiratory cycle. To visual the
pleural cavity, the semirigid thoracoscope is inserted
through the trocar.

Fig. 8. Once the trocar has been successfully placed
into the pleural space. The thoracoscope is used to
drain and inspect the pleural cavity. The semirigid
thoracoscope (pictured) can be maneuvered in a
fashion that is like a flexible bronchoscope.
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entered bluntly using the forceps or a
gloved finger, which is then used to sweep
around the parietal pleural to ensure no ad-
hesions are present. A trocar is usually in-
serted in corkscrew motion while holding
the trocar handle firmly in the palm. While
inserting the trocar, an extended index
finger is used to limit the depth of insertion.
Once the trocar is within the pleural cavity,
the inner introducer can be removed. Typi-
cally, the inner cannula lies 1 to 3 cm within
the pleural cavity. Removal of the inner can-
nula usually allows for additional confirma-
tion of presence in the pleural space due
to movement of air and/or fluid with the res-
piratory cycle. After removal of the inner
cannula, the thoracoscope is inserted
(Fig. 7).

� The thoracoscope is inserted under direct
visualization. The operator is standing on
the ventral side of the patient, the pleural
cavity is displayed on a monitor directly
adjacent to the operator, or on the dorsal
side of the patient such that the operator
can look straight ahead (Fig. 8). Depending
on the indication, either pleural fluid,
abnormal pleural, or septations will be
seen (Fig. 9). If fluid is present, it can be



Fig. 9. In most scenarios, the thoracoscope is met with
either pleural fluid (pleural effusion) or air (pneumo-
thorax) after the parietal pleural is breached. At
times, dense septations may make access and visuali-
zation of the pleural space a challenge. In this image,
septations were seen immediately after the parietal
pleural was penetrated. This scenario can be seen in
conditions such as empyema or fibrothorax. A view
can be established by carefully clearing these separa-
tions with the tools used with the thoracoscope.
Callous breakdown of these septations could lead to
bleeding if a vascular structure is present within the
bands.

Fig. 10. The thoracoscope can be angled in various
positions to perform a visual examination of the
pleural space. In this image, the semirigid thoraco-
scope is flattened to the patient’s body surface and
pointed cephalad. This allows for visualization of
the chest wall and visceral pleural (and associated un-
derlying pulmonary parenchyma) toward the apex of
the lung.
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removed with a suction catheter or the use
of the suction channel of a semirigid thora-
coscope. While aspirating large volumes,
care should be taken to ensure air can be
entrained into the pleural space around
the thoracoscope or suction catheter
via the insertion trocar. This helps to elimi-
nate the risk of inducing potentially injurious
negative pleural pressures.

� After clear visualization of the pleural cavity
is obtained, a thorough inspection of the
pleural space is completed (Fig. 10). Spe-
cific visual markers of the lung parenchyma
can be used to assist with orientation. On
the right side, the junction of the horizontal
and oblique fissure serves as a landmark.
In the left pleural space, an oblique fissure
can be used as a marker for orientation.
On either side, the diaphragm is easily visu-
alized as it moves with respiration. Addi-
tional structures that can be seen include
ribs, fat, intercostal muscles, blood vessels,
and any nonfluid pathologic findings such
as adhesions or pleural nodules. The medi-
astinal compartment can also be visualized.
� Biopsies are typically obtained of normal or
abnormal-appearing parietal pleura. Bi-
opsies of the visceral pleura risk intraparen-
chymal hemorrhage and the creation of air
leaks, while abnormalities on the diaphrag-
matic surface are quite mobile throughout
the respiratory cycle making accurate bi-
opsy slightly more challenging. When there
is clear nodularity or other obvious parietal
pleural abnormality present, these areas
are biopsied. When no gross abnormalities
are present, the parietal pleura is preferen-
tially biopsied from regions with an over-
lying rib (which can be felt by biopsy
forceps), to reduce the risk of inadvertent
injury of intercostal vasculature. The parie-
tal pleura is grasped, then the forceps are
directed laterally in a “peeling” motion,
which typically generates a long strip of pa-
rietal pleura (Fig. 11). It is thought that bi-
opsies obtained via a peeling motion are
less likely to cause bleeding than those ob-
tained by a punching motion. Care should
be taken to avoid biopsying the apices of
the lungs, mediastinal pleural, and areas
near the internal mammary artery. The
operator should be comfortable with the
use of coagulation forceps or coagulation
electrodes to achieving hemostasis.



Fig. 11. Forceps can be used to “peel” the parietal
pleural biopsies. It is thought that this method is safer
than “punching” and allows for more immediate
recognition of any bleeding that may occur.

Fig. 12. If an indwelling catheter is being placed
along with medical thoracoscopy, it can be performed
under direct visual guidance. A dilator (A) is being
used over a guidewire (B) in this image.
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Usually, multiple biopsies are obtained from
the abnormal site. Anywhere from 2 to 6
samples are usually obtained and sent for
pathology and culture as indicated.

� After biopsies have been acquired, the
pleural space must be visualized to confirm
there is no bleeding. Hemostasis must be
assured before proceeding.

� If indicated, talc pleurodesis can be per-
formed at this time.

� After the procedure is completed, a chest
tube is inserted into the pleural space to
drain residual fluid or air. An indwelling
pleural catheter is often selected in sce-
narios that feature pleural malignancy.
With the thoracoscope in the pleural cavity,
the indwelling pleural catheter can be in-
serted under direct visualization (Fig. 12).
Usually, entry and exit sites of the indwelling
pleural catheter are distinct from the trocar
insertion site of the thoracoscopy.

� All the access sites should be closed with
sutures and dressed appropriately.

� Usually, postprocedural fluoroscopy or
chest radiography is performed to assess
for immediate complications and chest
tube positioning.
RECOVERY AND REHABILITATION

Generally, MT is an outpatient procedure. If pleu-
rodesis is performed, the patient may have to be
admitted for the management of associated
discomfort. If a chest tube is placed, it is removed
based on local practice patterns and indications
for placement. Patients who have had an
indwelling pleural catheter (IPC) placed can be dis-
charged with the device in place. A follow-up
appointment should be arranged in the appro-
priate time frame, typically for suture removal.
TRAINING

Training in MT varies across the globe. It is more
commonly performed in centers across Europe
than in the United States. It is thought that a min-
imum number of 20 procedures is required to
establish procedural familiarity.61 Similarly, 10 to
20 procedures per year help maintain compe-
tency. The American College of Chest Physicians
recommends that at least 20 thoracoscopies with
or without biopsies as a threshold number for initial
competency.71 In the United Kingdom, British
Thoracic Society guidelines assign competency
levels based on the complexity of the
procedure 5 level 1 (basic diagnostic and thera-
peutic, including talc administration) through level
III (surgical thoracoscopy, including lung resec-
tion).72 The Executive Summary of the Multisociety
Interventional Pulmonology Fellowship Accredita-
tion Committee states a requisite annual institution
case volume of 20 MT per year for accreditation of
an IP fellowship program.73 In the United States, IP
training or board certification is usually required to
perform MT independently.
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BILLING AND REIMBURSEMENT

Within the United States, Current Procedural Termi-
nology code 32601 can be used for a diagnosticMT
used to evaluate the pleural space, lungs, medias-
tinum, or the pericardial sac.74 Additional relevant
Current Procedural Terminology codes and related
Work Relative Value Units can be found in Table 2.
Diagnostic thoracoscopy has a 0-day global period;
subsequent procedures as well as evaluation and
management can be billed separately. Compared
to other procedures commonly performed by pul-
monologists and IP in the United States, MT reim-
burses well (Table 2).75
Table 2
Comparison of coding and billing information for m
procedures (within the United States)

Description of Code Current Procedural Termino

32601 Thoracoscopy, diagnostic (se
procedure); lungs, pericar
mediastinal or pleural spa
biopsy

32609 Thoracoscopy; with biopsies

32650 Thoracoscopy, surgical; with
mechanical or chemical)

32651 Thoracoscopy, surgical; with
pulmonary decortication

32653 Thoracoscopy, surgical; with
intrapleural foreign body

31652 Bronchoscopy, rigid or flexib
fluoroscopic guidance, wh
with endobronchial ultras
transtracheal and/or trans
sampling (ie, aspirations/b
more mediastinal and/or
stations or structures

31653 Bronchoscopy, rigid or flexib
fluoroscopic guidance, wh
with endobronchial ultras
transtracheal and/or trans
sampling (ie, aspirations/b
more mediastinal and/or
stations or structures

31628 Bronchoscopy, rigid or flexib
fluoroscopic guidance, wh
with transbronchial lung
lobe

31631 Bronchoscopy, rigid or flexib
fluoroscopic guidance, wh
with placement of trache
tracheal/bronchial dilation

31630 Bronchoscopy, rigid or flexib
fluoroscopic guidance, wh
with tracheal/bronchial d
reduction of fracture of t
tracheobronchial tree
OUTCOMES

MT is a very safe procedure. Overall, the morbidity
and mortality profiles are more favorable than
bronchoscopy with traditional transbronchial
biopsies.
In a study of 168 thoracoscopies, only one death

was noted.76 Significant complications occurred in
6% of patients. The 2010 British Thoracic Society
guidelines state that LAMT is a safe procedure. An
analysis of over 4700 cases of LA MT showed a
mortality rate of 0.34%. In a subset of patients
who underwent only diagnostic thoracoscopy,
mortality was 0% (0/2421).
edical thoracoscopy and common bronchoscopic

logy Code Work Relative Value Units

parate
dial sac,
ce, without

5.50

of pleura 4.58

pleurodesis (ie, 10.83

partial 18.78

removal of
or fibrin deposit

18.17

le, including
en performed;
ound-guided
bronchial
iopsies), 3 or
hilar lymph node

4.46

le, including
en performed;
ound-guided
bronchial
iopsies), 3 or
hilar lymph node

4.96

le, including
en performed;
biopsies, single

3.55

le, including
en performed;
al stents (includes
as required)

4.36

le, including
en performed;

ilation or closed
he

1.53



� Inability to access the affected pleural space is
an important absolute contraindication for
medical thoracoscopy

� There are no robust data that suggest superi-
ority between semirigid and rigid
thoracoscopy

� A majority of the published medical thora-
coscopy literature that speaks to the treat-
ment of complicated pleural space
infection documents the use of a rigid thor-
acoscope and VATS
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Nineteen of the studies involved the use of talc
poudrage, which had a combined mortality of
0.69% (16/2315). It should be kept in mind that 9
of the 16 deaths were from a large, randomized
study of talc poudrage using ungraded talc.72

The most worrisome complication in MT is
bleeding. In ananalysis of 4736casesof LAMT,ma-
jor complications such as empyema, hemorrhage,
port site tumor growth, pneumonia, bronchopleural
fistula, or postprocedural pneumothorax or air leak
occurred 86 times (1.8%).72 Although proven to be
a safe procedure, the risk of intrathoracic bleeding
is yet another reason that a subset of patients with
pleural disease are managed within a collaborative
atmosphere between IP and thoracic surgery.
SUMMARY

MT is a safe and effective procedure that has a va-
riety of indications among various pleural dis-
eases. When performed by an adequately trained
operator, complication rates are low, and diag-
nostic yield is high. It is a procedure that can be
performed with LA (usually with some form of
moderate sedation) and spontaneous ventilation.

It should be recognized that there are some
overlapping indications between MT and VATS.
Owing to visualization capability, surgical control,
and ability to acquire larger biopsy pieces, an
open thoracotomy provides the most exposure
and maneuverability within the pleural space.
VATS is the usual surgical approach for pleural dis-
ease management, it has largely replaced open
thoracotomy.4,77 Through VATS, the exposure to
the pleural space is excellent. However, this often
requires the use of general anesthesia and lung
isolation. There have been descriptions of VATS
being performed without intubation and using a
regional or epidural anesthesia.78–80 However,
MT remains the least invasive method to visualize
the pleural cavity safely. Further study of these ap-
proaches may continue to blur the procedural lines
between VATS and MT.
CLINICS CARE POINTS
� Medical thoracoscopy is a safe procedure that
has both diagnostic and therapeutic indica-
tions in a variety of pleural diseases

� Unlike traditional video-assisted thoraco-
scopic surgery, general anesthesia is not
required to perform medical thoracoscopy
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Joining Forces
How to Coordinate Large, Multicenter

Randomized Trials
Lance Roller, MSa, Lonny B. Yarmus, DO, MBAb, Robert J. Lentz, MDa,c,d,*
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KEY POINTS

� Multicenter trials are increasingly relied on to produce practice-changing advances in medical care.

� A multicenter trial requires data to be acquired from two or more facilities that are organizationally
and administratively independent from each other, which are conducting a standardized interven-
tion with uniform central data collection and analysis.

� Major advantages of multicenter trials include being highly generalizable, less prone to confounding
or bias related to idiosyncratic local practices, and capable of recruiting participants quickly and
potentially to large sample sizes.

� Major challenges in multisite research include greater logistical, administrative, and regulatory bur-
dens, which generally require sufficient funding and time to overcome.

� Further development of research networks capable of fostering multicenter research is required to
accelerate the pace at which practice-changing advances in the diagnosis and treatment of pleural
disease are realized.
INTRODUCTION

Medical research has long sought to ascertain
optimal diagnostic and therapeutic modalities for
the management of human disease. The wholesale
study of entire populations is rarely practicable,
necessitating the study of a sample of individuals
belonging to an overall population. Conclusions
are then extrapolated back to the population at
large. Study results are deemed “high quality” if
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they are likely to closely approximate the true ef-
fect size had the entire population been studied.1

Various schemas have been developed to assess
this concept, all of which consider the design of
a study as foundational to estimating the likelihood
that its result is applicable to the larger population.
One widely used system, the GRADE guidelines,
considers randomized controlled trials as “high
quality” by default, although downgrading occurs
if aspects of the trial introduce biases that make
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its result less likely to represent the true population
effect.1,2

Randomized trials emerged from nonrandom
alternate-allocation trial designs in the mid-
twentieth century and rapidly gained prominence.3

However, randomization by itself may not
adequately mitigate threats to study validity.
Although it should reduce the odds of an important
baseline imbalance between groups, it cannot
reduce selection bias imparted by regional cul-
tural, ethnic, genetic, or exposure differences
when a study is conducted at a single locale.4

Multicenter randomized trials remedy this problem
by recruiting participants across a broader range
of the aforementioned categories, therefore
bolstering the validity and generalizability of the
trial results. Multicenter trials also importantly
allow for faster recruitment and shared financial
and sometimes regulatory burden.
Several networks dedicated to the multicenter

study of important pleural conditions have devel-
oped, yielding practice-changing studies in pleural
disease. In this review, we describe the impor-
tance of multicenter trials, major elements
required for the conduct of such trials, and lessons
learned from the ongoing development of the
Interventional Pulmonary Outcomes Group
(IPOG), a consortium of interventional pulmonolo-
gists dedicated to advancing diagnostic and man-
agement strategies in pleural, pulmonary
parenchymal, and airway disease by generating
high-quality multicenter evidence.5
DISCUSSION
The Case for High-Quality Research in Pleural
Disease

Pleural conditions are common and exert a signifi-
cant financial and resource burden on the health
care system in addition to the morbidity andmortal-
ity imparted at the level of individual patients. Older
data suggest more than 1.5 million new effusions
are diagnosed annually in the United States alone,
a number derived from the late 1990s and is almost
certainly now higher.6–8 Likewise, the often cited
estimated annual incidence of malignant pleural ef-
fusions (MPE) of 150,000 to 175,000 in the United
States and 100,000 in the United Kingdom date to
the late 1980s and are almost certainly underesti-
mates at present.9,10 MPEs have more recently
been estimated to account for 125,000 admissions
annually in the United States with charges topping
$5 billion per year.10

MPE, associated with cancer mortality and
symptomatic burden during the final months of
life, has been subjected to the most intense study
in recent decades, including many multicenter
randomized trials.11–18 Despite this, recent Amer-
ican Thoracic Society, Society of Thoracic Sur-
geons, and Society of Thoracic Radiology
guidelines rank the evidence in favor of seven is-
sued statements as weak per GRADE guidelines,
highlighting the need for ongoing high-quality
research in pleural disease.19

Additionally, technological advances continue
to promote the evolution of diagnostic and thera-
peutic procedures in the wider field of interven-
tional pulmonology. This has recently been most
notable in diagnostic bronchoscopy, where a
range of new guidance technologies have come
to market in the United States in the last decade,
including robotic-assisted bronchoscopy plat-
forms and systems capable of correcting for
computed tomography body divergence using
digital tomosynthesis.20–22 Biopsy tools are also
evolving. With rare exception, these and related
recent technologies have been cleared by the
Food and Drug Administration under the 510(k)
pathway, in which a novel medical device classi-
fied as having low or moderate risk of harm is
only required to demonstrate substantial equiva-
lence to a commercialized predicate device. Appli-
cations require some evidence supporting a claim
of substantial equivalence in safety and effective-
ness, but clinical data characterizing the perfor-
mance of the new device are not typically
required. Proponents argue this pathway is vital
for the timely introduction of practice-changing
technological advances. However, there are
notable examples of 510(k) devices proving
neither safe or nor efficacious and data suggesting
510(k)-cleared devices are recalled more
frequently than devices undergoing formal
premarket approval, which requires trial data
demonstrating safety and effectiveness. It is there-
fore incumbent on the academic interventional
pulmonology community to study new 510(k)-
cleared devices as they come to market, including
those intended for use in the pleural space.
Definition of a Multicenter Trial

Clinical trials involve the prospective allocation of
patients into multiple groups (one group is often
a control or current standard-of-care arm), with
the intent of assessing the efficacy (or risks) of a
specific treatment, therapy, medical device, or
other medical intervention intended to treat or di-
agnose human disease.4,23 Randomized alloca-
tion into treatment and control groups is
preferred for generating data from which causal in-
ferences will be made.4 Proper randomization re-
sults in recognized and unrecognized
confounding factors to be balanced between
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study groups, greatly reducing the risk of spurious
or confounded conclusions to result from the
investigation. In some cases, random assignment
of research subjects is not practicable or is uneth-
ical, necessitating alternative study design.

A multicenter trial requires three elements: (1)
data acquired from two or more facilities that are
organizationally and administratively independent
from each other, (2) a standardized intervention
and uniform data collection, and (3) central data
collection and analysis.4
Advantages of Multicenter Trials

Multicenter trials offer many potential advantages
over single-center investigations (summarized in
Table 1). First, simultaneous recruitment at multi-
ple sites allows for recruitment of a larger number
of patients. This translates directly into greater sta-
tistical power and therefore a higher likelihood of
correctly identifying a difference between experi-
mental and control groups on a given outcome
measure, assuming a difference actually exists.
Statistical significance does imply clinical signifi-
cance; trials should not be intentionally overpow-
ered to detect a difference between groups that
is not clinically pertinent. That said, a small benefit
or detection of a difference in the incidence of a
rare outcome may still be meaningful to individual
patients, the health care system, or society. For
example, a particular intervention found to reduce
hospital length of stay by 1 day could be insignifi-
cant in some settings (following an operation with
Table 1
Advantages and barriers to multicenter RCTs

Advantages Barrie

Large
More statistical power
More meaningful subgroup analyses

Regu
Mu
Mu
Var
c

Once enrolling, can accrue participants
quickly

Cost/f
Rel
Litt

More generalizable results
More diverse sample
More diverse intervention delivery
settings

Less prone to idiosyncratic local
confounding

Overm
Def
t

AE
Mo

Pooling of research resources Overl
Dem
Com
Nes

Abbreviations: AE, adverse event; FDA, Food and Drug Admin
an average length of stay of 10 days) but signifi-
cant in others (following a procedure with average
length of stay of just 2 days, in patients with limited
life expectancy, such as pleurodesis for MPE).

Second, multicenter trials have the capacity to
recruit subjects more rapidly than would be
possible at a single site. This has financial benefits,
because ongoing studies require ongoing funding
to maintain the research apparatus. Furthermore,
more rapid completion of high-quality trials means
new findings are reported and implemented into
practice more expeditiously.

Third, multicenter trials tend to recruit subjects
who better represent the at-risk population as a
whole in terms of cultural, ethnic, socioeconomic,
genetic, and environmental exposure variation,
any of which could influence the results of a study
performed in a sample that is more homogeneous
than the at-risk population. This greatly enhances
the generalizability of conclusions derived from
multicenter data. Relatedly, multicenter trials are
less subject to idiosyncratic practice variations at
a single institution, which are also a threat to
generalizability, particularly when the intervention
is a procedure.

Fourth, related to larger sample sizes possible
and more heterogeneous samples, large multi-
center trials offer the opportunity for more robust
subgroup analyses to investigate heterogeneity
of treatment effect and generate hypotheses for
future trials.

Finally, diffusion across multiple centers allows
for studies to be designed in a more collaborative
rs

latory requirements
ltiple IRBs
ltiple contracts and data-sharing agreements
iable requirements between institutions,
ountries

unding
atively high cost
le support in developing nations

onitoring
ault monitoring level set to that required of novel
herapeutics seeking FDA premarket approval
monitoring can be overzealous
nitoring has become an industry

y complex protocol
ands of multiple IRBs
promise through complexity
ted substudies

istration; IRB, institutional review boards.
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manner and for sharing of research resources. The
former promotes protocols that are more inclusive
of different clinical settings, populations, and small
variations in local practices, all of which further en-
hances subsequent generalizability of the results.
The latter helps reduce barriers to the actual
conduct of a trial, which are often financial or
resource-based.
Challenges of Multicenter Research

Although the benefits of well-conducted multi-
center trials are clear, there are numerous costs,
literal and figurative, to conducting multisite
research, also summarized in Table 1. These
include greater administrative demands, regulato-
ry burdens, need for monitoring subject and data
quality to protect against threats to study validity,
potential for overcomplicated protocols, and logis-
tic challenges related to applying a single interven-
tion in different settings, among others. These
challenges threaten to slow down trial progress
and ultimately translate into increased trial cost.
Research regulatory requirements have become

increasingly complex. Most multicenter trials
require the interface of a single protocol with mul-
tiple local institutional review boards (IRBs), which
may require or prohibit different elements. This
generally results in numerous protocol amend-
ments that must then be submitted across all sites
to maintain core protocol uniformity. International
research is further complicated by country-
specific regulatory requirements. Contracts and
data sharing agreements between institutions or
industry sponsors further complicate the regulato-
ry realm.
Multicenter trial protocols also have a propen-

sity to be overly complex. This arises as a conse-
quence of variable regulatory demands from
different locales necessitating protocol amend-
ments, the collaborative nature of protocol devel-
opment in which compromise is sometimes
accomplished through complexity in the form of
added elements, and inclusion of nested substu-
dies intended to maximize knowledge gained
and academic output but which requires additional
logistic and data support. Complexity increases
cost, promotes protocol deviations, and may
dissuade additional prospective sites from joining
a study.
Diffusion of study responsibilities across multi-

ple sites and a greater number of study personnel
can imperil study validity by inadvertent enrollment
of ineligible subjects by teams less familiar with the
protocol or submission of erroneous or incomplete
data. Typical safeguards include requiring redun-
dant eligibility confirmation before randomization,
study monitoring to verify database entries match
clinical source documentation, and audits. The en-
tity performing these checks should be indepen-
dent from the core research team, which
therefore requires the engagement of a research
coordinating service.
The costs of mitigating the previously mentioned

challenges comes in the form of money and time.
Dedicated personnel facile with the various regula-
tory processes and independent coordinating
center staff require funding to engage, not to
mention the cost of supporting the central
research team and all local sites and their staffs.
Additional time spent addressing these elements
during the study planning phase threatens to offset
a major benefit of multicenter trials: the more rapid
accrual of participants during the active study
period.
Research support infrastructure and study

monitoring has become an industry. Current trial
monitoring frequently defaults to the high level
required for regulatory approval of novel medica-
tions, which represents overregulation for a study
involving already-approved medications or
comparing two standard-of-care procedures.24

Evidence that current study monitoring strategies
impact the validity or outcomes of multicenter clin-
ical trials is also lacking.24,25

Elements of a Successful Multicenter
Randomized Controlled Trial

We have divided the steps involved in conducting
a multicenter trial into three sections: (1) the pre-
enrollment planning phase, (2) the active enroll-
ment phase, and (3) the postenrollment phase.
Each involves multiple distinct processes pre-
sented in vaguely chronologic order, although
most overlap rather than proceeding sequentially.
The terminology used to describe various groups,
such as “central coordinating center” (CCC) for the
core group of researchers directing the study, may
vary between institutions or research networks.

Pre-enrollment planning
Defining the research question A would-be pri-
mary investigator (PI) should have a firm grasp
on the nature of a clinical problem and intimate
knowledge of related existing literature. From this
a research question can be developed, which if
answered would inform medical practice above
and beyond currently extant data. The Patient/
Problem/Population, Intervention, Comparison,
Outcome (PICO) format is commonly used to
construct a precise research question around
which a trial protocol may be developed.26 The
question is further refined using a framework,
such as the FINER criteria, in which a good
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research question is feasible, interesting, novel,
ethical, and relevant.27 An additional consideration
specific to multicenter trials includes whether suf-
ficient foundational research has been performed
to inform the development of a large-scale trial,
including whether reasonable estimates of primary
outcome measures can be made based on prior
research or pilot studies.

Developing the central coordinating center CCC
is our terminology for the core group of re-
searchers responsible for planning, conducting,
and interpretating a multicenter trial. This group
invariably includes the PI, coinvestigators (Co-Is),
and study coordinators. Study statisticians tend
to be included in this group. The CCC is often con-
tained within one academic institution leading a
multicenter trial or may be comprised of individ-
uals at different institutions participating in a
research network.

The PI is ultimately responsible for all aspects of
the trial. This investigator tends to be the originator
of the research question and the primary architect
of the protocol. Multicenter research favors a PI
with significant clinical trial experience who is
well-connected and well-respected within a clin-
ical or academic community, which facilitates a
strong study protocol, identification and recruit-
ment of additional centers, and acquisition of
study funding. These traits also place the PI in a
position to arbitrate disagreements and build
consensus among a disparate group of investiga-
tors (eg, on matters related to the study protocol or
data interpretation). The PI also provides the final
word when problems invariably arise and takes ul-
timate responsibility for the safety and privacy of
all study participants.

Central Co-Is tend to be other investigators with
clinical backgrounds (including physicians,
advanced practice providers, pharmacists,
trainees) at the same institution as the PI, or who
are senior members of an established research
network or subcommittee. They often assist with
protocol development, recruitment, and study
procedures (if applicable) during active enrollment.
In some of our multicenter studies, one Co-I along
with the study coordinator have together been
responsible for managing the day-to-day conduct
of a trial, with input elicited from the PI when
necessary. This is a particularly important role for
junior investigators seeking experience in clinic
trial design and management.

The study coordinator (variably described as
research coordinator, trial manager, or similar) is
a vital position whose importance cannot be un-
derstated. Although most CCC staff have clinical
and other responsibilities competing for time and
attention, the study coordinator provides full-time
support to the research enterprise and is often
the point person for day-to-day trial affairs. Re-
sponsibilities vary, but generally include input
into trial development (especially logistics), moni-
toring or actively assisting in ensuring regulatory
approvals and contracts are established, creating
or monitoring budgets and billing plans, recruiting
study subjects, data entry and fidelity monitoring,
handling of biospecimens, follow-up visit tracking,
and ensuring pertinent regulatory tasks are per-
formed (eg, adverse event reporting). Our study
coordinators also participate in data analysis and
manuscript preparation as integral members of
our research teams.

There has been considerable commentary in the
literature about the often overlooked or underre-
cognized specialty role of the study coordinator,
and the pressing need to recruit, train, and retain
adept coordinators as clinical trials continue to
grow in number. Several potential barriers to this
have been identified, including gender-related in-
equalities, limited formal educational or training
pathways, academic underrecognition, and typical
salaries.28 Regarding the former, prior work identi-
fied women as overrepresented in the coordinator
role. A 1990 paper describing the components of a
successful multicenter trial comments, “She, for it
is seldom he, stands at the center of the trial.”29

More recently, it was estimated 80% of trial man-
agers within major UK clinical trial units are
women.30 In contrast, women remain underrepre-
sented in the role of PI, as funding awardees, at
more senior levels of academic medicine, and in
other areas of senior trial leadership.31–33 This cre-
ates the potential for gender inequality to influence
coordinator careers and research group produc-
tivity. Coordinators are also less likely to be recog-
nized academically as coauthors for their crucial
contributions to all aspects of the conduct of a
published trial. Finally, coordinators are often ab-
sent from decision-making boards at research
funding institutions. Prior work suggests one-
third of trials remain unpublished or unreported
30 months after proposed completion.34,35 As ex-
perts in trial conduct, coordinators in prominent
positions within funding organizations might better
identify studies likely to succeed and make results
public.

Engaging statistical support is also vital early in
the development of any trial. Power calculation
and statistical analysis plans inform the feasibility
of a trial and the development of the study proto-
col. Some groups use a separate data coordi-
nating center, particularly for large trials, in which
statistical, data management, and data fidelity
expertise resides.
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Finally, many institutions have personnel
specializing in different aspects of governmental
or institutional regulatory, budgeting, or contract-
ing requirements, which are often engaged during
the planning phase of a multicenter trial.

Funding Multicenter trials are often expensive,
because of the large variety of personnel required
to plan a study, secure regulatory approval,
manage the database and the quality of the data
therein, recruit patients, deliver whatever interven-
tion the study is investigating, then follow for out-
comes over time until data are analyzed to an
interpretable result. Discussion of the range of
funding opportunities for multicenter research is
beyond the scope of this review and varies by
locale, but generally includes governmental, aca-
demic societal, academic institutional, private
philanthropic, and corporate funding mechanisms.
Prior work has estimated the cost of multicenter

trials. A 2003 study of a mock phase III multicenter
trial of a cancer drug estimated more than $6000
would be required to fund the proposed study per
enrolled subject, with one-third of research time
and money dedicated to regulatory affairs.36 In
2021 dollars, the cost per subject would be almost
$9500. Another study evaluated 28 phase III trials
funded by the US National Institute of Neurologic
Disorders and Stroke before 2000, totaling $335
million in funding. Despite the high price tag, the im-
provements to health resulting from these trials pro-
vided a net benefit to society after 10 years
estimated at $15.2 billion, representing a substan-
tial return on government investment.37

Multicenter trials donot automatically require a lot
of dedicated funding. As examples, we recently
executed and published two multicenter trials
regarding therapeutic thoracentesis techniques
(manometry-guided aspiration vs symptom-
guided; manual syringe aspiration vs gravity
drainage).14,15 The first was supported by a modest
amount of funding, whereas the second, conducted
at 10 sites, was unfunded. These trials compared
different standard-of-care techniques and therefore
required no specific funding related to the interven-
tions. Both used postdoctoral pulmonary fellows to
assist at sites without dedicated study personnel,
who were in turn recognized as authors and gained
experience conductingparticipating in amulticenter
trial. Although this low-cost model is not applicable
to many interventions, it could be considered when
evaluating variations on existing standard-of-care
interventions. Any trainee involvement should be
encouraged and acknowledged appropriately.

Recruiting local sites High-performing local sites
recruit patients efficiently, input accurate data in
a timely manner, and maintain regulatory compli-
ance. Selection of local sites capable of these
tasks is therefore crucial to the successful comple-
tion of a multicenter trial. The study team at a local
site usually consists of a local PI, responsible for
overseeing research conduct at the site, local
Co-Is who assist with patient recruitment, and
local study coordinators to assist with data entry
and regulatory compliance.
Identification of prospective local sites might

hinge on many potential factors. Involvement
with specialty societies or participation in national
or international meetings and the networking that
often accompanies such events can play a signif-
icant role. Evidence of ability to recruit for prior tri-
als, active pursuit of local research, and prompt
responses to queries are favorable signs. Most
centers, with modern electronic health record
assistance, can precisely estimate the volume of
pertinent patients seen or procedures performed
on an annual basis. Red flags include local
personnel who are difficult to reach, slow to
respond, or unresponsive to specific requests.
It is not necessary to have all sites approved and

ready to enroll simultaneously at the outset of a
multicenter trial. Many studies open initially at the
central or sponsoring institution with other sites
coming online as regulatory approvals are ob-
tained. This also allows for overt issues to be iden-
tified by central study personnel who know the
protocol most intimately so they are rectified
before broad multisite implementation. Agree-
ments to participate between the central PI and
prospective local PIs are advantageous to estab-
lish early in the planning stage, however, and
building in excess capacity is favorable to lagging
recruitment because of underperforming sites dur-
ing the active phase of the trial.
Establishing a research network is another

mechanism to ensure the interest and cooperation
of multiple sites with a favorable track record of
executing clinical trials. This is the driving motiva-
tion behind the recent development of the IPOG.
The IPOG has facilitated a range of studies to
date, including investigator-initiated, industry-
sponsored, and National Institutes of Health–
funded trials. Making connections with an estab-
lished research network, such as IPOG, is also
an avenue in which a center inexperienced in con-
ducting clinical trials can begin to participate in the
multicenter research process.

Protocol development The protocol details study
rationale, procedures, outcomes, safety/regulato-
ry issues, and analysis plan. It determines how
study interventions are conducted, what data are
collected, and preemptively details how that data
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will be used based on the hypothesis on which the
study is predicated. It therefore requires consider-
ation from multiple perspectives, including knowl-
edge of existing medical literature and a specific
clinical question or problem, study logistics, and
statistical considerations.

The central PI is usually the primary architect of
the protocol, with input from central Co-Is and
often local PIs who are identified early in the plan-
ning phase. The latter also help identify issues
arising because of difference in practice patterns
at different institutions. Some groups use a formal
Delphi process to bring about consensus during
protocol development.38 In-person meetings of
key stakeholders in a developing multicenter trial
are also helpful in coalescing around a specific
protocol, albeit more challenging in the current
pandemic.

Pilot studies may be instrumental to the success
of a subsequent larger multicenter trial. Such
studies are primarily intended to generate more
informed estimates of the magnitude of outcome
effect sizes, which then feeds into the power
calculation of the subsequent multicenter trial.
They can also clarify whether recruiting patients
into a given intervention is feasible, especially if
there are concerns about the logistics of a partic-
ular intervention. However, if effect size can be
reasonably estimated from existing data and logis-
tical barriers are perceived to be low, a pilot study
may not contribute substantially but will cost time
and money.

Finally, once the protocol is established, a pro-
tocol paper should be considered. This benefits
the study group by ensuring all aspects of the trial
have been well-deliberated. Additionally, if signifi-
cant protocol changes are believed necessary
during the conduct of a trial, the discrepancy be-
tween final reported methods and methods
described in the protocol paper enforces the
need for the transparency of a full explanation.
The methods paper is easy to adapt from a mature
trial protocol and represents the first of many pub-
lications from a well-designed multicenter trial.

Regulatory affairs Regulatory compliance is a
source of significant costs (in money and time) in
the pre-enrollment phase of a trial, magnified in a
multicenter trial in which local regulatory approvals
are also necessary at each participating institution.
This includes matters related to central and local
IRBs or ethics committees, data sharing agree-
ments, contracts between institutions or institu-
tions and industry sponsors, clinical trial
registration (eg, clinicaltrials.gov), and at times
federal agencies (eg, the Food and Drug Adminis-
tration). More general data privacy and protection
laws, including the European Union’s General Data
Protection Regulation, must also be complied
with.

In recent years, some research networks have
developed central IRB review, in which a single in-
stitution’s IRB is designated as the IRB of record
by way of reliance agreements between local
participating sites and the central site.39 To date,
many large academic medical institutions do not
allow participation to ensure local oversight.

Training and standardization of trial procedures

Onemajor potential pitfall of multicenter trials is the
diffusion of study responsibilities to personnel
outside the immediate locus of observation and
control of the central core of researchers most
responsible for developing the trial. Standardizing
study procedures such that they are performed as
similarly as possible at all participating sites is of
paramount importance. A detailed and unambigu-
ous description of study procedures in the trial pro-
tocol, specific training for all study personnel
delivered during a site initiation visit as each local
site begins to enroll subjects, and monitoring
incoming local data to identify sites in need of
restandardization are strongly encouraged. In the
COVID-19 pandemic, most site initiation visits
have beenperformed virtually via teleconferencing.

Enrollment phase
In the enrollment phase of a trial, in which subjects
are actively being recruited and study interven-
tions performed, attention is directed to several
core processes: enrolling new patients and
ensuring study-related follow-up, maintaining reg-
ulatory compliance (eg, adverse event reporting),
and monitoring data quality. Interim analyses
may also be performed during this phase.

Subject recruitment The rate at which patients are
recruited into a trial usually directly determines the
duration of the enrollment phase and is therefore
the main focus during this part of the trial. Quick
recruitment across all sites also allows for time to
be “made up” to offset the slower, more arduous
regulatory processes entailed in multicenter
research.

Recruitment efforts tend to fall on patient-facing
research staff, including the PI, Co-Is, and study
coordinator. Recruitment may be passive, in which
prospective subjects are screened for inclusion af-
ter referral to a particular clinic or service, or
active, which might include mailers, calls, emails,
and/or social network outreach directly to patients
or to other practitioners.40 Active recruitment
methods often require local regulatory approval,
and cost. Lists of patients with specific diagnosis
or procedure codes can often also be generated

http://clinicaltrials.gov
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by querying electronic health records, which coor-
dinators can use to screen charts for additional
eligibility criteria.
Establishing monthly local recruitment targets,

usually based loosely on annual volume related
to the patient population in question, can help
encourage ongoing recruitment. We tend to use
a monthly trial newsletter, distributed to central
and local PIs, Co-Is, and study coordinators, as
a friendly reminder of ongoing efforts and targets
(Fig. 1).

Data entry and monitoring data quality Large tri-
als, particularly related to drugs or devices moving
through the premarket approval Food and Drug
Administration pathway, almost always engage
the services of independent study monitors. These
staff are responsible for verifying data in the study
database are complete and are corroborated by
the primary data in the medical record. This typi-
cally entails multiple visits to each local site and
interfacing with local study personnel and elec-
tronic health records. Audits including detailed
assessment of enrollment criteria and adverse
event reporting are often conducted. Such inten-
sive monitoring has been estimated by some to
Fig. 1. Example of a monthly newsletter to encourage on
comprise 25% to 35% of the cost of a trial.24 In
the absence of this kind of intensive local moni-
toring, data being entered into the central data-
base should be intermittently reviewed by central
trial staff for missing data, nonsensical values, or
other suggestions of impaired data quality, which
should lead to prompt queries to local study staff
for clarification.
Postenrollment phase
After active enrollment finishes, there is often a tail
period in which subjects are still undergoing
follow-up study examinations or procedures. Dur-
ing this time period, central and local coordinators
no longer have the burden of pushing for subject
accrual, freeing up time to further inspect the
data for quality and completeness.
Much of the primary manuscript can be drafted

while awaiting final data points to be entered. We
suggest establishing a writing committee and
setting expectations for authorship well earlier,
however, ideally during the pre-enrollment phase.
Once all data have been entered, statistical anal-
ysis commences according to the prespecified
analysis plan, allowing for the results and
going enrollment efforts. SIV, site initiation visit.
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discussion sections of the primary manuscript to
be completed. By drafting as much as possible
in advance, the delay between close of accrual
and manuscript preparation can be kept to a
minimum.

A large, multicenter trial almost always collects
more data than can be reported in the primary
manuscript. Additional manuscripts, often drafted
by local PIs, Co-Is, trainees or students, and other
study staff, may not require tail data and can
sometimes be published before the primary manu-
script (although the decision to publish anything
derived from the study should be reviewed by
the central PI first). We encourage these side ef-
forts, which can provide substantial additional
value to multicenter trial participation and are
another opportunity for junior investigators to
show interest and productivity.

SUMMARY

Multicenter trials are capable of producing high-
quality clinical research with the greatest degree
of generalizability. They are increasingly consid-
ered the standard for generating practice-
changing medical data. Conducting a successful
multicenter trial requires significant time, money,
and planning by a large group of disparate individ-
uals, with numerous pitfalls as discussed. Despite
their complexity, the benefits of conducting such
trials seem to substantially outweigh the costs.
As medical innovation progresses at an increas-
ingly rapid rate, it will be vital to create more and
enduring multicenter trial networks with expertise
in studying new interventions at this high level.

CLINICS CARE POINTS
� Multicenter RCTs can accrue quickly, achieve
large enrollment targets, and be highly
generalizable; these benefits can be offset
by cost, complexity, and high regulatory
burden.

� Conducting a multicenter RCT involves
distinct phases (pre-enrollment planning,
active enrollment, post-enrollment) with
unique demands.

� Developing or engaging a preexisting central
coordinating center, including central PI and
Co-Is, coordinator(s), and statistician(s) is
crucial to a successful trial.

� The importance of research coordinator
training, retention, and recognition appears
to be under-emphasized.
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of pleural effusion in a well-defined region. Epidemi-

ologic study in central Bohemia. Chest 1993;104(5):

1486–9.

http://refhub.elsevier.com/S0272-5231(21)01203-X/sref1
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref1
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref1
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref1
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref2
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref2
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref2
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref2
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref3
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref3
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref3
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref4
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref4
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref5
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref5
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref5
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref5
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref5
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref6
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref6
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref7
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref7
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref7
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref8
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref8
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref8
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref9
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref9
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref9
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref9
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref9


Roller et al776
10. TaghizadehN, FortinM, TremblayA.UShospitalizations

for malignant pleural effusions: data from the 2012 na-

tional inpatient sample. Chest 2017;151(4):845–54.

11. Rahman NM, Pepperell J, Rehal S, et al. Effect of

opioids vs NSAIDs and larger vs smaller chest

tube size on pain control and pleurodesis efficacy

among patients with malignant pleural effusion: the

TIME1 randomized clinical trial. JAMA 2015;

314(24):2641–53.

12. Bhatnagar R, Keenan EK, Morley AJ, et al. Outpa-

tient talc administration by indwelling pleural cath-

eter for malignant effusion. N Engl J Med 2018;

378(14):1313–22.

13. Davies HE, Mishra EK, Kahan BC, et al. Effect of an

indwelling pleural catheter vs chest tube and talc

pleurodesis for relieving dyspnea in patients with

malignant pleural effusion: the TIME2 randomized

controlled trial. JAMA 2012;307(22):2383.

14. Lentz RJ, Lerner AD, Pannu JK, et al. Routine moni-

toring with pleural manometry during therapeutic

large-volume thoracentesis to prevent pleural-

pressure-related complications: a multicentre,

single-blind randomised controlled trial. Lancet Re-

spir Med 2019;7(5):447–55.

15. Lentz RJ, Shojaee S, Grosu HB, et al. The impact of

gravity vs suction-driven therapeutic thoracentesis

on pressure-related complications: the GRAVITAS

multicenter randomized controlled trial. Chest

2020;157(3):702–11.

16. Wahidi MM, Reddy C, Yarmus L, et al. Randomized

trial of pleural fluid drainage frequency in patients

with malignant pleural effusions. The ASAP trial.

Am J Respir Crit Care Med 2017;195(8):1050–7.

17. Muruganandan S, Azzopardi M, Fitzgerald DB, et al.

Aggressive versus symptom-guided drainage of

malignant pleural effusion via indwelling pleural

catheters (AMPLE-2): an open-label randomised

trial. Lancet Respir Med 2018;6(9):671–80.

18. Mishra EK, Clive AO, Wills GH, et al. Randomized

controlled trial of urokinase versus placebo for non-

draining malignant pleural effusion. Am J Respir Crit

Care Med 2018;197(4):502–8.

19. Feller-Kopman DJ, Reddy CB, DeCamp MM, et al.

Management of malignant pleural effusions. An offi-

cial ATS/STS/STR clinical practice guideline. Am J

Respir Crit Care Med 2018;198(7):839–49.

20. Agrawal A, Hogarth DK, Murgu S. Robotic bron-

choscopy for pulmonary lesions: a review of existing

technologies and clinical data. J Thorac Dis 2020;

12(6):3279–86.

21. Aboudara M, Roller L, Rickman O, et al. Improved

diagnostic yield for lung nodules with digital tomo-

synthesis-corrected navigational bronchoscopy:

initial experience with a novel adjunct. Respirology

2020;25(2):206–13.

22. Katsis J, Roller L, Lester M, et al. High accuracy of digital

tomosynthesis-guided bronchoscopic biopsy confirmed
by intraprocedural computed tomography. Respiration

2021;1–8. https://doi.org/10.1159/000512802.

23. Fuhrer MJ. Conducting multiple-site clinical trials in

medical rehabilitation research. Am J Phys Med Re-

habil 2005;84(11):823–31.

24. DuleyL,AntmanK,ArenaJ, et al. Specific barriers to the

conduct of randomized trials. Clin Trials 2008;5(1):40–8.

25. Prescott RJ, Counsell CE, Gillespie WJ, et al. Fac-

tors that limit the quality, number and progress of

randomised controlled trials. Health Technol Assess

1999;3(20):1–143.

26. Davies KS. Formulating the evidence based prac-

tice question: a review of the frameworks. EBLIP

2011;6(2):75.

27. Hulley SB. Designing clinical research. Philadelphia:

Lippincott Williams & Wilkins; 2007.

28. Buchanan DA, Goldstein J, Pfalzer AC, et al. Em-

powering the clinical research coordinator in aca-

demic medical centers. Mayo Clin Proc Innov Qual

Outcomes 2020;5(2):265–73.

29. Warlow C. How to do it. Organise a multicentre trial.

BMJ 1990;300(6718):180–3.

30. Beaumont D, Arribas M, Frimley L, et al. Trial manage-

ment: we need a cadre of high-class triallists to deliver

the answers that patients need. Trials 2019;20:354.

31. Penny M, Jeffries R, Grant J, et al. Women and aca-

demic medicine: a review of the evidence on female

representation. J R Soc Med 2014;107(7):259–63.

32. Fitzpatrick S. A survey of staffing levels ofmedical clin-

ical academics in UK medical schools as at 31 July

201. 36. Medical Schools Council, London, UK, 2012.

33. Zhou CD, Head MG, Marshall DC, et al. A systematic

analysis of UK cancer research funding by gender of

primary investigator. BMJ Open 2018;8(4):e018625.

34. Jones CW, Handler L, Crowell KE, et al. Non-publi-

cation of large randomized clinical trials: cross

sectional analysis. BMJ 2013;347:f6104.

35. GordonD, Taddei-PetersW,MascetteA, et al. Publica-

tion of trials funded by the National Heart, Lung, and

Blood Institute. N Engl J Med 2013;369(20):1926–34.

36. Emanuel EJ, Schnipper LE, Kamin DY, et al. The

costs of conducting clinical research. J Clin Oncol

2003;21(22):4145–50.

37. Johnston SC, Rootenberg JD, Katrak S, et al. Effect

of a US National Institutes of Health programme of

clinical trials on public health and costs. Lancet

2006;367(9519):1319–27.

38. Chung KC, Song JW. A guide on organizing a multi-

center clinical trial: the WRISTstudy group. Plast Re-

constr Surg 2010;126(2):515–23.

39. Burr JS, Johnson AR, Vasenina V, et al. Implement-

ing a central IRB model in a multicenter research

network. Ethics Hum Res 2019;41(3):23–8.

40. Carter Barry L, Gail A. Avoiding pitfalls with imple-

mentation of randomized controlled multicenter tri-

als: strategies to achieve milestones. J Am Heart

Assoc 2016;5(12):e004432.

http://refhub.elsevier.com/S0272-5231(21)01203-X/sref10
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref10
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref10
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref11
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref11
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref11
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref11
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref11
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref11
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref12
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref12
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref12
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref12
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref13
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref13
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref13
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref13
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref13
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref14
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref14
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref14
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref14
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref14
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref14
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref15
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref15
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref15
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref15
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref15
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref16
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref16
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref16
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref16
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref17
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref17
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref17
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref17
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref17
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref18
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref18
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref18
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref18
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref19
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref19
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref19
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref19
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref20
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref20
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref20
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref20
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref21
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref21
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref21
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref21
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref21
https://doi.org/10.1159/000512802
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref23
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref23
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref23
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref24
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref24
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref25
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref25
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref25
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref25
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref26
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref26
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref26
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref27
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref27
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref28
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref28
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref28
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref28
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref29
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref29
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref30
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref30
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref30
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref31
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref31
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref31
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref33
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref33
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref33
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref34
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref34
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref34
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref35
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref35
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref35
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref36
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref36
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref36
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref37
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref37
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref37
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref37
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref38
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref38
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref38
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref39
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref39
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref39
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref40
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref40
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref40
http://refhub.elsevier.com/S0272-5231(21)01203-X/sref40

	Pleural Disease
	Title Page
	Copyright
	Contributors
	Contents
	FORTHCOMING ISSUES
	Preface
	Anatomy and Applied Physiology of the Pleural Space
	Key points
	Introduction
	Pleural anatomy
	Pleural physiology
	Pleural fluid
	Physiologic impact of pleural effusion
	Effect on Gas Exchange
	Effect on Pulmonary Function, Lung Volumes, and Lung Mechanics
	Other Symptoms

	Pleural pressure
	Pleural Pressure Monitoring and Procedural Complications
	Pleural Drainage Techniques
	Practical Applications of Pleural Manometry and Future Directions

	Summary
	Clinics care points
	References

	Updates in Pleural Imaging
	Key points
	Introduction
	Imaging techniques
	Chest Radiography
	Ultrasonography
	Computed Tomography
	PET/Computed Tomography
	MRI

	Normal appearance
	Chest Radiography
	Ultrasonography
	Computed Tomography
	MRI

	Pleural fluid
	Chest Radiography
	Ultrasonography
	Computed Tomography
	PET/Computed Tomography
	MRI

	Benign pleural thickening
	Chest Radiography
	Ultrasonography
	Computed Tomography
	MRI

	Malignant pleural disease
	Chest Radiography
	Ultrasonography
	Computed Tomography
	PET/Computed Tomography
	MRI

	Rare pleural tumors
	Fibromas
	Chest radiography
	Computed tomography
	PET/computed tomography
	MRI

	Lipomas and Liposarcomas
	Liposarcomas

	Pneumothorax
	Chest Radiography
	Ultrasonography
	Computed Tomography

	Summary
	Clinics care points
	References

	Ultrasound-Guided Pleural Investigations
	Key points
	Introduction
	Indications for pleural fluid drainage
	Diagnostic Indications
	Therapeutics

	Ultrasound-guided pleural fluid drainage
	Training
	Anatomic Site Selection
	Volume of Fluid Removal

	Ultrasound examination to diagnose pneumothorax
	Ultrasound-guided chest tube placement for pneumothorax
	Ultrasound-guided biopsies
	Tuberculous Pleuritis
	Bacterial Pleural Infection

	Summary
	Clinics care points
	References

	Pleural Fluid Analysis
	Key points
	Introduction
	Why establishing transudate-exudate differentiation is important?
	How were transudates and exudates identified before Light’s criteria?
	Light's criteria
	Application of Light’s criteria to other serous fluids
	Separating pleural transudates and exudates by criteria other than Light’s
	Non-analytical Criteria
	Analytical Criteria

	Limitations of transudate–exudate studies
	Improving the specificity of Light’s criteria
	Why Light’s criteria have stood the test of time
	Summary
	References

	Setting up a Pleural Disease Service
	Key points
	Introduction—the need for a specialist pleural service
	Optimizing the Current Pleural Pathway
	Skills and Procedures Within the Pleural Pathway
	Thoracic Ultrasound
	Thoracocentesis
	Pleuroscopy/Local Anesthetic Thoracoscopy
	Image-Guided Pleural Biopsies
	The Modern Diagnostic Pleural Pathway
	IPC (Indwelling Pleural Catheter) and Out-Patient Pleurodesis
	Ambulatory Pneumothorax Management
	The Value of a Specialist Pleural Unit
	Safety
	Education and training
	Research and audit
	The pleural multidisciplinary team
	The medical team
	Radiology services
	Thoracic surgery services
	Pathology services
	Cancer and palliative care services
	Nursing staff
	The pleural team day-to-day running
	Key challenges of a setting up a pleural unit


	Summary
	Clinics care points
	Author contributions
	Acknowledgments
	References

	Hepatic Hydrothorax and Congestive Heart Failure Induced Pleural Effusion
	Key points
	Introduction
	Liver failure and hepatic hydrothorax
	Pathophysiology
	Diagnostic Workup
	Management of Hepatic Hydrothorax/Refractory Hepatic Hydrothorax
	Management of excess fluid production
	Transjugular intrahepatic portosystemic shunt
	Other means of bridge to transplant or palliation
	Repeat thoracentesis
	Conventional chest tubes
	Indwelling tunneled pleural catheters

	Surgical management
	Thoracoscopy, pleurodesis, and diaphragmatic defect repair
	Liver transplant

	Multidisciplinary discussion-based management


	Heart failure and cardiac-induced effusion
	Pathophysiology
	Diagnostic Workup
	Management of Pleural Effusion Secondary to Heart Failure
	Management of excess fluid production
	Thoracentesis
	Indwelling pleural catheters
	Pleurodesis
	Prognosis


	Summary
	References

	Parapneumonic Effusion and Empyema
	Key points
	Introduction
	Definitions and pathophysiology
	Diagnosis
	Clinical Presentation
	Imaging
	Pleural Fluid Diagnostics
	Microbiology
	Increasing the Pickup Rate-Technical Factors
	Biochemistry
	The Future of Biomarkers in Pleural Infection

	Clinics care points diagnostics
	Treatment strategies
	Antibiotics
	Chest Drain Insertion and Management
	Intrapleural Enzyme Therapy
	Surgery

	Clinics care points
	Alternative Treatments and Future Strategies

	Summary
	References

	Pleural Tuberculosis
	Key points
	Introduction
	Epidemiology
	The Global Burden of Pleural Tuberculosis
	Human Immunodeficiency Virus Coinfection
	Drug-Resistant Tuberculosis

	Pathophysiology
	Pleural Immune Response to Mycobacterium tuberculosis
	Development of an Effusion
	Delayed Hypersensitivity, True Pleural Infection, or Both?

	Clinical features
	Presentation
	Imaging
	General Pleural Fluid Analysis

	Diagnosis
	Tests for Mycobacterium tuberculosis
	Pleural Fluid Biomarkers
	Adenosine deaminase
	Unstimulated interferon-gamma
	Interferon-gamma release assays
	Interleukin-27 and other biomarkers

	Acquiring Pleural Tissue

	Management
	Antituberculosis Treatment
	Corticosteroids
	Drainage and Intrapleural Fibrinolytics

	Complications
	Residual Pleural Thickening
	Tuberculosis Empyema
	Lipid Effusions

	Summary
	Clinics care points
	Disclosure statement
	References

	Chylothorax and Pseudochylothorax
	Key points
	Introduction
	Chylothorax
	Pseudochylothorax (cholesterol effusion)
	Yellow nail syndrome
	Lymphangioleiomyomatosis
	Summary
	Clinics care points
	References

	Pleural Effusions in the Critically Ill and “At-Bleeding-Risk” Population
	Key points
	Background
	Thoracentesis in the intensive care unit
	Prevalence
	Diagnostic Considerations
	Therapeutic Considerations
	Technique
	Safety

	Thoracentesis and the risk of bleeding
	Thoracentesis in patients with thrombocytopenia or an elevated INR
	Thoracentesis in patients with medication-related bleeding “risks”
	Risks associated with transfusion or medication withdrawal
	Individualizing therapy
	Summary
	Clinics care points
	References

	Malignant Pleural Effusions
	Key points
	Introduction
	Pleural anatomy and pathophysiology
	Clinical presentation
	Imaging
	Ultrasonography
	Plain Radiograph
	Computed Tomography
	Positron Emission Tomography-Computed Tomography

	Diagnostic procedures
	Thoracentesis
	‘Blind’ Closed Pleural Biopsy
	Image-Guided Biopsy
	Medical Thoracoscopy and Video-Assisted Thoracoscopic Surgery

	Management
	Serial Thoracentesis
	Pleurodesis
	Indwelling Pleural Catheter
	Rapid Pleurodesis

	Summary
	Clinics care points
	References

	Malignant Pleural Mesothelioma
	Key points
	Introduction
	Etiology
	Pathophysiology
	Histology
	Clinical presentations
	Imaging
	Diagnosis
	Biomarkers
	Staging
	Prognosis
	Treatment
	Symptom palliation
	Future directions
	Clinics care points
	References

	Pneumothorax
	Key points
	Introduction
	Historical perspective
	Epidemiology
	Incidence
	Recurrence

	Classification of pneumothorax
	Classification by Size
	Classification by Pathophysiology and Etiology
	Tension pneumothorax
	Traumatic pneumothorax
	Primary spontaneous pneumothorax
	Secondary spontaneous pneumothorax
	Chronic obstructive pulmonary disease
	Tuberculosis
	Other pulmonary infections
	Diffuse cystic lung disease
	Lymphangioleiomyomatosis
	Pulmonary Langerhans cell histiocytosis
	Birt-Hogg-Dube Syndrome

	Pneumothorax in women of childbearing age
	Miscellaneous causes



	Pathogenesis
	Blebs, Bullae, and Pleural Porosity
	Emphysema-like changes
	Matrix Metalloproteinase
	Chronic Small Airway Inflammation

	Future directions
	Clinics care points
	References

	Management of Pneumothorax
	Key points
	Introduction
	Primary spontaneous pneumothorax
	First Episode
	Conservative management
	Aspiration
	Tube thoracostomy
	Small-bore versus large-bore chest tube
	Suction or water seal?

	Ambulatory management

	Recurrent Spontaneous Pneumothorax

	Secondary spontaneous pneumothorax
	Conservative Management
	Ambulatory Management
	Treatment of the Underlying Disorder
	Tube Thoracostomy and Definitive Management

	Traumatic pneumothorax
	Definitive management
	Video-Assisted Thoracoscopic Surgery Versus Thoracotomy
	Pleurodesis
	Mechanical
	Chemical
	Pleurectomy

	Resection
	Wedge resection

	Endobronchial valves
	Ambulatory chest tube with pneumostat


	Future directions
	Clinics care points
	References

	Indwelling Pleural Catheters
	Key points
	Introduction
	Therapeutic options
	Preprocedure planning
	Procedural approach
	Postprocedure recovery and management
	Considerations
	Nonexpandable Lung
	Failed Pleurodesis Procedure
	Other Clinical Considerations

	Goals
	Clinical outcomes
	Pleurodesis Rates
	Symptomatic Improvement
	Health Care Resource Use
	Survival
	Nonmalignant Pleural Effusion

	Complications
	Summary
	Clinics care points
	References

	Medical Thoracoscopy
	Key points
	Introduction
	History
	Common indications and outcomes
	Exudative Pleural Effusion
	Pleurodesis
	Empyema and Complex Pleural Effusions
	Malignant Pleural Mesothelioma

	Preprocedure planning
	Procedure specifics
	Environment
	Anesthesia
	Anatomy
	Special Access
	Procedural Steps

	Recovery and rehabilitation
	Training
	Billing and reimbursement
	Outcomes
	Summary
	Clinics care points
	References

	Joining Forces
	Key points
	Introduction
	Discussion
	The Case for High-Quality Research in Pleural Disease
	Definition of a Multicenter Trial
	Advantages of Multicenter Trials
	Challenges of Multicenter Research
	Elements of a Successful Multicenter Randomized Controlled Trial
	Pre-enrollment planning
	Defining the research question
	Developing the central coordinating center
	Funding
	Recruiting local sites
	Protocol development
	Regulatory affairs
	Training and standardization of trial procedures

	Enrollment phase
	Subject recruitment
	Data entry and monitoring data quality

	Postenrollment phase


	Summary
	Clinics care points
	Financial/nonfinancial disclosures
	Funding/role of sponsors
	Acknowledgments
	References


