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 Carlo Forlanini, in Pavia, in 1882, had the brilliant idea to create, by simple 
air insuffl ation in the pleural space, an artifi cial pneumothorax for the treat-
ment of tuberculous cavities in an attempt to ‘put the lung to rest’. 
Unfortunately, in a signifi cant number of cases, pleural adhesions would not 
allow complete lung collapse, limiting the impact of the procedure. This limi-
tation was eventually addressed by Hans Jacobeus who in 1910 performed 
the fi rst thoracoscopy using a cystoscope in Stockholm. This simple but inge-
nious procedure pioneered the fi eld of minimally invasive surgery and 
laparoscopy. 

 Therefore pleuroscopy, before being recognized primarily as a diagnostic 
tool, served a therapeutic purpose by allowing lysis of pleural adhesions via 
electrocautery, hereby allowing for complete collapse of the lung then 
regarded as an effective treatment for tuberculosis in the pre-streptomycin 
era. The instruments used at the time had of course a number of limitations. 
One important issue was the poor visibility of the pleural space. The operator 
was often tempted to increase the intensity and the light bulb would fre-
quently burn out, requiring the operator to hold temporarily the procedure in 
order to replace the defective equipment. This was clearly not an ideal 
scenario. 

 Later on, endoscopic photography, then cinema, was developed in the 
1940s by P. Holinger in Chicago and Hashimoto in 1952. In France, 
Fourestier-Gladu-Vulmiere introduced his endoscope equipped with a 
 camera, which was quite successful, and was quickly adopted for a host of 
procedures including thoracoscopy. 

 A number of individuals should also be mentioned for their valuable con-
tributions to the fi eld of thoracoscopy, including Sattler in Austria, Brandt in 
Berlin and Swierenga in the Netherlands. The equipment used for thoracos-
copy gradually improved, with many contributions from the companies Storz 
and Wolf, and the technique rapidly spread throughout the world. 

 Surgeons eventually adopted the technique in the 1970s and 1980s and 
expanded its indications, ushering the era of video-assisted thoracoscopic 
surgery (VATS), whereas pulmonologists continued to develop ‘medical tho-
racoscopy’ introducing novel techniques such as fl exible-rigid thoracoscopy 
and mini-thoracoscopy. 

 The current book edited by Philippe Astoul, GianFranco Tassi and 
Jean- Marie Tschopp is proof that the fi eld continues to advance. These 
experts in medical thoracoscopy are internationally recognized for their 

   Foreword   
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clinical competence, educational qualities and efforts and contributions to 
the medical literature. As a result, the authors of this book have come from 
many geographic backgrounds, attesting of the remarkable international 
network of experts developed throughout their careers. The Art of Teaching 
demonstrated in this book is unparalleled, whether the concepts taught are 
simple (‘so simple to do’) or complex. The potential for knowledge acqui-
sition offered through this book is in my view exceptional. 

 I congratulate the editors for the remarkable achievement and wish with 
all my heart that this book will meet the success it deserves. 

 Marseille, France Christian Boutin  

Foreword
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 Over the last two decades, the increased incidence of pleural-related disease 
has added a signifi cant workload for pulmonologists. It is now accepted that 
thoracoscopy is an integral component and best practice in the workup of 
pleural pathology. Indeed, thoracoscopy has become the cornerstone investi-
gation for the pleura and allows accurate diagnosis, staging and, in many 
cases, therapeutic options. There is great worldwide interest from pulmon-
ologists in this procedure, and this can be easily appreciated at the many 
courses dedicated to the technique. Indeed, these courses are frequently over-
subscribed, and there are often long waiting lists to obtain training. We there-
fore believe that a new ‘practical thoracoscopy book’ (the fi rst was published 
in 1991) is long overdue. 

 Advances in medical technologies have frequently resulted in new and 
potentially less invasive techniques. In the setting of diagnostic and therapeu-
tic chest procedures, a distinction must be made between thoracoscopy done 
by pulmonologists, which may be video assisted, and surgical thoracoscopy 
or video-assisted thoracoscopic surgery (VATS). In all cases where a chest 
tube is required, it should take a pulmonologist only a few additional minutes 
to introduce an endoscope via the same incision, to inspect the pleura, to 
locate any adhesions, to obtain pleural samples and to verify that the chest 
tube is well positioned. In patients with primary pleural cancer, thoracoscopy 
has consistently been demonstrated as the only procedure capable of obtain-
ing a diagnosis at an early stage of the disease. In other diseases associated 
with a pleural effusion, direct vision biopsy has a diagnostic rate of more than 
95 % of patients. 

 This dedicated book discusses the considerable progress made with this 
technique. These advances are due to improvements in the endoscopic tele-
scopes with extremely high optical quality despite their very small diameter, 
high-quality instruments – including video camera, forceps, endoscopic scalpel 
and stapler. All of these tools enable the physician or surgeon to carry out inter-
ventional thoracoscopy. The progress in anaesthetic care has allowed physi-
cians to perform thoracoscopy in a range of setting from local anaesthesia in an 
outpatient facility to general anaesthesia in theatre. This book will provide the 
reader with a clear, concise and practical guide to the technique. This will allow 
the operator to perform a full exploration of the pleural cavity but at the same 
time utilizing a technique which is much less invasive and incapacitating than 
thoracotomy. The technique is associated with few  complications – especially 
when the procedure is performed according to appropriate recommendations. 

  Pref ace   



viii

 It is clear that this book is the result of a long collaboration by all members 
of the ‘thoracoscopy’ family spread throughout the world and especially in 
Europe. We thank all these pulmonologists for their enthusiasm, commit-
ment, creativity and open-mindedness which has mirrored the spirit of 
Christian Boutin, who is generally accepted as the father of modern 
thoracoscopy. 

 Finally, we would like to thank Richard Wolf GmbH (Knittlingen – 
Germany) for its continued support over the years. They have readily listened 
to physicians and this has allowed ongoing improvement of the instruments 
used for this technique. 

 Marseille, France Philippe Astoul 
 Brescia, Italy GianFranco Tassi 
 Montana, Switzerland Jean-Marie Tschopp  

Preface



ix

Part I The Pleura and Thoracoscopy Technique

 1 Introduction to the Pleura and Thoracoscopy Technique  . . . . 3
Philippe Astoul, GianFranco Tassi, 
and Jean-Marie Tschopp

 2 Thoracoscopy: An Old Technique for a Modern 
Work-Up of the Pleural Cavity . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Gian Pietro Marchetti and GianFranco Tassi

 3 Macroscopic Approach to the Pleural Cavity  . . . . . . . . . . . . . . 17
Delphine Trousse and Pascal Thomas

 4 Physiology and Pathophysiology of the Pleural Space . . . . . . . 25
Daniella Negrini

 5 Ultrasound for Medical Thoracoscopy. . . . . . . . . . . . . . . . . . . . 45
Cyrus Daneshvar, Saiyad A. Sarkar, and David P. Breen

 6 Anaesthesiology for Thoracoscopy . . . . . . . . . . . . . . . . . . . . . . . 53
Antoine Delage and Charles-Hugo Marquette

 7 Thoracoscopy: Equipment and Technique  . . . . . . . . . . . . . . . . 59
Philippe Astoul and David P. Breen

Part II Thoracoscopy for the Beginners (‘The Green Zone’)

 8 The Current Practice of Medical Thoracoscopy . . . . . . . . . . . . 85
Philippe Astoul, GianFranco Tassi, 
and Jean-Marie Tschopp

 9 Diagnostic Thoracoscopy: Malignant Pleural Effusion  . . . . . . 87
Marios Froudarakis

10 Diagnostic Thoracoscopy: Atlas  . . . . . . . . . . . . . . . . . . . . . . . . . 105
Philippe Astoul

11 Diagnostic Thoracoscopy: Nonmalignant 
Pleural Effusion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
Wolfgang Frank and Nicolas Schönfeld

 Contents



x

12 Management of Spontaneous Pneumothorax: 
Common Sense Should Prevail . . . . . . . . . . . . . . . . . . . . . . . . . . 141
Jean-Marie Tschopp and Philippe Astoul

13 Thoracoscopy for Spontaneous Pneumothorax  . . . . . . . . . . . . 145
Seamus Grundy and Andrew Bentley

14 Management of Recurrent Pleurisies by Thoracoscopy. . . . . . 155
Felix Herth

Part III Interventional Thoracoscopy (‘The Grey Zone’)

15 Advanced Application of Medical Thoracoscopy  . . . . . . . . . . . 167
Philippe Astoul, GianFranco Tassi, 
and Jean-Marie Tschopp

16 Thoracoscopy for Parapneumonic Effusions 
and Empyema. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
GianFranco Tassi, Martin H. Brutsche, 
and Robert J.O. Davies

17 Pulmonary Biopsies via Thoracoscopy  . . . . . . . . . . . . . . . . . . . 179
Christophe Dooms and Johan Vansteenkiste

Part IV Advanced Thoracoscopy (‘The Red Zone’)

18 The Frontier of Medical Thoracoscopy . . . . . . . . . . . . . . . . . . . 185
Philippe Astoul, GianFranco Tassi, 
and Jean-Marie Tschopp

19 Sympatholysis via Thoracoscopy  . . . . . . . . . . . . . . . . . . . . . . . . 187
Marc Noppen

20 Pericardial Window . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
Paul Van Schil, Bernard Paelinck, Jeroen Hendriks, 
and Patrick Lauwers

Part V Complications of Thoracoscopy and Management

21 The Safety Profi le of Medical Thoracoscopy: 
Expert Advices and Recommendations  . . . . . . . . . . . . . . . . . . . 207
Philippe Astoul, GianFranco Tassi, 
and Jean-Marie Tschopp

22 Complications of Thoracoscopy  . . . . . . . . . . . . . . . . . . . . . . . . . 209
Francisco Rodríguez-Panadero 
and Beatriz Romero Romero

23 Practical Advice to Prevent Complications . . . . . . . . . . . . . . . . 219
Julius Janssen

Contents



xi

Part VI Future in the Field of Thoracoscopy

24 Future Developments in Medical Thoracoscopy . . . . . . . . . . . . 225
Philippe Astoul, GianFranco Tassi, 
and Jean-Marie Tschopp

25 Minithoracoscopy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
GianFranco Tassi and Gian Pietro Marchetti

26 Autofl uorescence and Thoracoscopy  . . . . . . . . . . . . . . . . . . . . . 237
Miltiadis G. Chrysanthidis

27 Flexi-Rigid Thoracoscopy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Teruomi Miyazawa and Atsuko Ishida

 Index  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261

Contents



 



xiii

     Philippe     Astoul       Division of Thoracic Oncology, Pleural Diseases, 
and Interventional Pulmonology ,  Hôpital NORD  ,  Marseille ,  France     

      Andrew     Bentley       Department of Respiratory and Intensive Care Medicine , 
 North West Lung Center, Manchester Academic Health Science Centre, 
University Hospital of South Manchester  ,  Manchester ,  UK     

      David     P.     Breen       Department of Respiratory Medicine , 
 Galway University Hospitals  ,  Galway ,  Ireland     

      Martin     H.     Brutsche       Division of Pneumology , 
 Kantonsspital St. Gallen  ,  St. Gallen ,  Switzerland     

      Miltiadis     G.     Chrysanthidis       Department of Pulmonology , 
 Sismanoglio Hospital  ,  Athens ,  Greece     

      Cyrus     Daneshvar       Department of Respiratory Medicine , 
 Galway University Hospitals  ,  Galway ,  Ireland     

      Robert     J.    O.     Davies       Department of Respiratory Medicine, 
Oxford Pleural Unit, Oxford Centre for Respiratory Medicine, Oxford 
Radcliffe Hospital, Churchill Hospital Site  ,  Oxford ,  UK     

      Antoine     Delage       Department of Pulmonology, Thoracic Oncology, 
and Intensive Care ,  Hôpital Pasteur  ,  Nice ,  France     

      Christophe     Dooms       Pulmonology Department , 
 University Hospital Gasthuisberg  ,  Leuven ,  Belgium     

      Wolfgang     Frank       Department of Pulmonary Diseases, Lungenklinik, 
AmseeWaren  ,  Müritz ,  Germany     

      Marios     Froudarakis       Department of Pulmonology , 
 University Hospital of Alexandroupolis  ,  Alexandroupolis ,  Greece     

      Seamus     Grundy       NIHR Translational Research Facility, 
University Hospital of South Manchester  ,  Manchester ,  UK     

      Jeroen     Hendriks       Department of Surgery , 
 University Hospital Antwerp  ,  Edegem ,  Belgium     

      Felix     Herth       Department of Pneumology and Critical Care Medicine , 
 Thoraxklinik/University of Heidelberg  ,  Heidelberg ,  Germany     

  Contributors 



xiv

      Atsuko     Ishida       Division of Respiratory and Infectious Diseases, 
Department of Internal Medicine ,  St Marianna University School 
of Medicine  ,  Kawasaki ,  Japan     

      Julius     Janssen       Department of Pulmonary Diseases , 
 Canisius Wilhelmina Hospital  ,  Nijmegen ,  The Netherlands     

      Patrick     Lauwers       Department of Thoracic and Vascular Surgery , 
 Antwerp University Hospital  ,  Antwerp ,  Belgium     

      Gian     Pietro     Marchetti       Division of Pneumology , 
 Spedali Civili di Brescia  ,  Brescia ,  Italy     

      Charles-Hugo     Marquette       Department of Pulmonology, 
Thoracic Oncology, and Intensive Care ,  Hôpital Pasteur  ,  Nice ,  France     

      Teruomi     Miyazawa       Division of Respiratory and Infectious Diseases, 
Department of Internal Medicine ,  St Marianna University School 
of Medicine  ,  Kawasaki ,  Japan     

      Daniella     Negrini       Department of Experimental and Clinical Biomedical 
Sciences ,  University of Insubria  ,  Varese ,  Italy     

      Marc     Noppen       Interventional Endoscopy Clinic, University Hospital 
UZ Brussel  ,  Brussels ,  Belgium     

      Bernard     Paelinck       Department of Cardiology , 
 Antwerp University Hospital  ,  Antwerp ,  Belgium     

      Francisco     Rodríguez-Panadero       Unidad Médico-Quirúrgica 
de Enfermeda des Respiratorias, Hospital Universitario 
Virgen del Rocío  ,  Sevilla ,  Spain     

      Beatriz     Romero     Romero       Unidad Médico-Quirúrgica de Enfermeda 
des Respiratorias Hospital Universitario Virgen del Rocío  ,  Sevilla ,  Spain     

      Saiyad     A.     Sarkar       Pulmonary and Critical Care Department , 
 Franklin Square Hospital Center  ,  Baltimore ,  MD ,  USA     

      Nicolas     Schönfeld       Department of Pulmonology, Lungenklinik Heckeshorn, 
HELIOS Klinikum Emil von Behring  ,  Berlin ,  Germany     

      GianFranco     Tassi       Division of Pneumology , 
 Spedali Civili di Brescia  ,  Brescia ,  Italy     

      Pascal     Thomas       Division of Thoracic Surgery , 
 Hôpital NORD  ,  Marseille ,  France     

      Delphine     Trousse       Division of Thoracic Surgery , 
 Hôpital NORD  ,  Marseille ,  France     

      Jean-Marie     Tschopp       Département de Médecine Interne 
Centre valaisan de pneumologie, CHCVs  ,  Montana ,  Switzerland     

Contributors



xv

      Johan     Vansteenkiste       Respiratory Oncology Unit (Pulmonology) 
and Leuven Lung Cancer Group ,  University Hospital Gasthuisberg  , 
 Leuven ,  Belgium     

      Paul     Van     Schil       Department of Thoracic and Vascular Surgery , 
 Antwerp University Hospital  ,  Antwerp ,  Belgium      

Contributors



   Part I 

   The Pleura and Thoracoscopy Technique        



3P. Astoul et al. (eds.), Thoracoscopy for Pulmonologists, 
DOI 10.1007/978-3-642-38351-9_1, © Springer-Verlag Berlin Heidelberg 2014

        One hundred years ago, Jacobeus published the 
fi rst paper describing the technique of thoracos-
copy. The procedure became well known and 
played an important role as a fi rst treatment for 
tuberculosis before the advent of chemotherapy. 
It is important to look to the past to better under-
stand the new developments of this technique. In 
the 1950s, medical thoracoscopy was neglected 
in Great Britain and the United States of America, 
simply because it was considered out of date. 
However in some chest centers of continental 
Europe, especially in Berlin (Germany) and 

Marseille (France), pulmonologists went on 
using this technique and developed tools allow-
ing not only a better view of the thoracic cavity 
but combining also the videothoracoscopy with 
new tools such as ultrasounds of the pleura. In the 
same way, the technique of sedation and local 
anesthesia and the great improvements in the 
equipment available have made this technique 
simple, provided physicians desiring to perform 
thoracoscopy receive good training and have 
access to the experience developed over the 
years.   

        P.   Astoul      (*) 
  Division of Thoracic Oncology, Pleural Diseases, 
and Interventional Pulmonology ,  Hôpital NORD , 
  Marseille ,  France   
 e-mail: pastoul@ap-hm.fr   

    G.   Tassi     
  Division of Pneumology ,  Spedali Civili di Brescia , 
  Brescia ,  Italy   
 e-mail: gf.tassi@tin.it   

    J.-M.   Tschopp     
  Département de Médecine Interne
Centre valaisan de pneumologie , 
  CHCVs, Montana   3963 ,  Switzerland   
 e-mail: jean-marie.tschopp@hopitalvs.ch  
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2.1            Introduction 

 Internal exploration of a living (human) body – 
endoscopy, from the Greek  endo  (inside) and 
 skopein  (to observe with care) – was always the 
aspiration of physicians. However, until the 
beginning of the nineteenth century, it was sim-
ply not possible to perform – through a lack of 
scientifi c knowledge and unavailability of appro-
priate instruments.  

2.2     Precursors 

 The fi rst endoscopists were probably the gynae-
cologists of antiquity, if we accept the fact that 
the speculum was the fi rst endoscopic instru-
ment. Hippocrates referred to a “speculum” used 
to examine the rectum, and in the Roman period, 
similar instruments were developed to a high 
degree of sophistication. Excavations at Pompeii 
and Herculaneum produced a large number of 
particularly well-made instruments, and Avicenna 
makes mention of them in his writings. 

 But recent history in this fi eld began in the 
early nineteenth century with Philipp Bozzini, 
a gynaecologist from Frankfurt. He carried out 
internal examinations using a concave mirror 

with light from a wax candle inside a tin tube 
covered with leather, creating an instrument 
which in 1806 was named “ Lichtleiter ” (light 
conductor) (Bozzini  1806 ). 

 The term “endoscopy” was fi rst coined by the 
French urologist Desormeaux (Desormeaux 
 1865 ). He was a leading pioneer in this fi eld and 
designed a cystoscope which used an intense 
white light which was produced by a mixture of 
alcohol and turpentine. This method provided 
clinically acceptable results. In 1868, Adolf 
Kussmaul, a German physician, attempted to 
view the stomach by means of a straight rigid 
metal tube, illuminated by the Desormeaux 
method. Later, in Berlin the urologist Maximilian 
Nitze used an incandescent platinum wire on the 
tip of the instrument for illumination. In 1877 he 
presented his cystoscope for the fi rst time. It was 
the true forerunner of all modern instruments. 

 With regard to thoracic endoscopy, the 
“Father” of rigid bronchoscopy, Gustav Killian, 
should be remembered. He was a German laryn-
gologist at the University of Freiburg, and in 
1897 he succeeded in extracting a foreign body 
from the right bronchus under local anaesthesia 
(Killian  1898 ). 

 The fi rst physician to observe the pleural cav-
ity in vivo was the Irish endoscopist  Richard  
Francis Cruise in 1866. He designed a binocular 
cystoscope illuminated by a camphor-based mix-
ture. Working with Samuel Gordon, an internist 
from Dublin, he introduced the instrument 
through a pleuracutaneous fi stula and examined 
the pleural cavity of a child suffering from 

        G.  P.   Marchetti       (*) •     G.   Tassi      
  Division of Pneumology ,  Spedali Civili di Brescia , 
  Brescia ,  Italy   
 e-mail: marchetti.giampietro@libero.it; gf.tassi@tin.it  
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chronic empyema (Gordon  1866 ). This is the fi rst 
recorded observation of the pleural cavity; how-
ever, this was not followed by any further practi-
cal utilisation of the technique.  

2.3     The Pioneer: H.C. Jacobaeus 

 Although the clinical application of thoracoscopy 
was to be used on a worldwide scale for the lysis 
of pleural adhesions caused by tuberculosis, its 
original purpose was diagnostic, and it was only 
later that it became an almost exclusively thera-
peutic technique. 

 Both approaches were initiated by the person 
who is unanimously recognised as the “Father of 
Thoracoscopy”, the Swedish internist Hans 
Christian Jacobaeus. At the age of 31, he pub-
lished a report on 4 October 1910 in the German- 
language journal  Münchener Medizinische 
Wochenschrift , entitled “Über die Möglichkeit 
die Zystoskopie bei Untersuchung seröser 
Höhlungen anzuwenden” (“On the possibility of 
performing cystoscopy in the examination of 
serous cavities”) (Jacobaeus  1910 ). 

 The article is divided into three parts: the intro-
duction, which deals with materials and methods; 
then the longer second part (100 lines) dedicated 
to laparoscopy; and then the fi nal part (47 lines) 
on thoracoscopy. This is not only the fi rst publica-
tion on thoracoscopy but also the fi rst on human 
laparoscopy, accompanied by a drawing with two 
small stylised fi gures to demonstrate the trocar he 
used. He used a trocar, created with the assistance 
of Dr Ahlstrom, in which a 14 Nitze (4.6 mm) 
rigid cystoscope of adapted exactly. This system 
used a one-way automatic valve which prevented 
air escaping from either the abdominal cavity or 
the thorax. The total diameter was 17 F (5.6 mm) 
and the 90° lateral- vision optic was 22 cm long 
with an Osram lamp at the tip. The report 
described only two cases of thoracoscopy and no 
fi gures or endoscopic pictures were provided. It is 
possible that technical problems prevented a com-
plete examination of the cavity; however, it is 
clear from the article that the author’s intention 
was solely diagnostic, and there was nothing to 
suggest its future  therapeutic evolution, apart 

 perhaps from the Forlanini method used in the 
treatment of tuberculosis. 

 In an edition of the same journal in September 
1911, Jacobaeus published a larger clinical series 
(Jacobaeus  1911 ), including 45 laparoscopies 
and 27 thoracoscopies (10 acute pleural effusion, 
5 chronic pleural effusions, 3 empyemas, and 9 
pneumothoraces). For the fi rst time in the litera-
ture, a normal pleural cavity anatomy is described. 
The author also discussed some orientation 
points, as well as the course of the intercostal 
muscles, the intercostal vessels and nerves, the 
diaphragm with its “shiny” tendinous centre sur-
rounded by normal muscle, and the cardiac pul-
sation which was better visible from the left, and 
he also discussed the problems with exploring the 
mediastinal pleura. Some pathological modifi ca-
tions are also described, such as the change in 
colour of atelectatic lungs. Jacobaeus was a 
strong advocate for the method (Fig.  2.1 ) and 
published articles in German, French, and 
Swedish. In January 1912 he travelled to 
Hamburg, where the infl uential surgeon Ludolph 
Brauer was working, who was organising the 
Seventh International Congress on Tuberculosis 
which was due to take place in Rome on 12 April 
1912. (The meeting was to become famous for 
the offi cial international recognition of the 
Forlanini method.) Brauer became very inter-
ested in laparo-thorocoscopy and published, 
a few months later, a 170-page article (Brauer 
 1912 ) entitled “ Über Laparoskopie und 
Thorakoskopie von HC Jacobaeus”  (On the lapa-
roscopy and thoracoscopy from HC Jacobaeus) .  
In Hamburg, Jacobaeus achieved reliable and 
revolutionary results in the treatment of pulmo-
nary tuberculosis by pneumothorax. In addition 
he also provided a wealth of knowledge on the 
safety of the procedure even after the introduc-
tion of large quantities of air (up to 2 l). He also 
described the diffi culties encountered in treating 
tuberculosis by therapeutic pneumothorax if 
pleural adhesions were present. In The Lancet, 
dated 23 August 1913, there is a report from the 
17th International Congress of Medicine which 
was held in London. It contains a few lines docu-
menting that Dr HC Jacobaeus gave an admirable 
presentation describing the practical utility of 

G.P. Marchetti and G. Tassi
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laparo-thorocoscopy in the diagnosis of 200 
patients without complication. Jacobaeus also 
presented some coloured drawings which illus-
trated the principal endoscopic alterations in the 
cases he had examined.

   1913 is also remembered in the fi eld of thora-
coscopy because in that year at the hospital of St. 
Göran in Stockholm, Jacobaeus sectioned “ with 
the thoracoscope as a guide, fragments of pulmo-
nary pleura in a case of pleural tumour ”, thereby 
making the fi rst attempt to perform lysis of pleu-
ral adhesions, and continued “ with an even 
smaller trocar, I introduced an instrument similar 
to larynx scissors, and cut a small piece from the 
pulmonary area. There was no discomfort for the 
patient either during or after the operation ”. On 
21 May 1914, he performed a thoracoscopy 
under local anaesthesia for the management of a 
case of cavitary pulmonary tuberculosis. This 
procedure used separate entry portals for the 
optic and the cautery, in the fi fth and third inter-
costal space, respectively. He saw a false adher-
ence which joined the parenchyma to the 
diaphragm and a true one located on the right 
upper lobe, the size of a little fi nger. He cauter-
ised it, causing the instant collapse of the lung. 
The patient returned to his room on foot, and 
there were no immediate consequences. On 23 
May a new insuffl ation of air was carried out: 

300 cc with a pressure of +7 cm H2O; this was 
considerably lower than that used prior to the 
intervention. The outcome was positive, with the 
cessation of expectoration within a few days. An 
examination a month later showed that the lung 
remained collapsed, the cavity was compressed, 
and the patient was well. 

 In subsequent years (Fig.  2.2 ) his described 
clinical techniques including thoracoscopic lysis 
of adhesions which were preventing pneumotho-
rax (later to be known as the “Jacobaeus opera-
tion”) became more numerous. They were 
published in international journals such as the 
British Medical Journal and the American 
Review of Tuberculosis, where the fi rst 78 cases 
treated with 55 positive results were reported.

   Two other articles go into more detail: one in 
English which was published in 1923 in the 
Archives of Radiology and Electrotherapy, from 
the Proceedings of the Royal Society of Medicine, 
and a more extensive review published in German 
entitled “ Die Thorakoskopie und ihre praktische 
Bedeutung ” (Thoracoscopy and its practical 
meaning) (Jacobaeus  1925 ). This comprehensive 
paper details all of Jacobaeus’ clinical work and 
includes fi ve drawings of the main endoscopic 
features encountered, of which three of the 
images were primarily concerned with tuberculo-
sis pleural effusions. The paper also included a 

  Fig. 2.1    Thoracoscopy in 
1912: Jacobaeus       
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photograph which demonstrated the exact posi-
tion of the hands and the correct positioning of 
the trocar during the operation. More attention is 
paid to tuberculosis than to tumours, which com-
prises 30–40 cases; these are endoscopically 
 distinguishable from tuberculosis by being char-
acterised by lesions with nodules-masses and/or 
pleural thickening. In the cases with tumours, 
there is a clear prevalence of metastatic pleurisy, 
but Jacobaeus also described fi ve cases with the 
non-specifi c term “endothelioma”. In his conclu-
sions he stresses that thoracoscopy, preceded by 
careful examination of x-rays and preparatory 
pneumothorax, is fundamental in order to achieve 
accurate diagnosis of the nature and cause of any 
type of pleural tumour. 

 Jacobaeus also worked closely with the tho-
racic surgeon at his hospital, Einar Key, which 
enabled an appropriate and complete manage-
ment of intrathoracic pathologies. In 1922 an 
article was published in Surgery, Gynecology 
and Obstetrics entitled “The practical importance 
of thoracoscopy in surgery of the chest” which 
gives an account of fi ve cases of thoracoscopy 
prior to therapeutic thoracotomy. In these cases 
Jacobaeus fi rst induces a pneumothorax and 
examines the pleural cavity, identifying the 

 endothoracic tumour and providing useful infor-
mation for the subsequent thoracotomy. 

 Jacobaeus was willing to collaborate with 
anyone who was interested in the fi eld of research 
he had created and was in turn respected and rec-
ognised without envy as the initiator of thoracos-
copy. For example, together with Unverricht, he 
improved the technical characteristics of the tho-
racoscope to make it more reliable and effective 
and always cited the contribution of others in his 
work.  

2.4     Diffusion of the Method 

 The path opened by Jacobaeus was rapidly fol-
lowed by others, and the application of the 
method spread to various countries. 

 In France, notable physicians were Dumarest, 
author of an important paper on artifi cial pneu-
mothorax (Dumarest et al.  1954 ), and Douady 
and Meyer, whose manual on pleuroscopy and 
sectioning of adhesions was widely circulated 
(Douady and Meyer  1942 ). 

 In Germany the initiator of thoracoscopy was 
Unverricht, who introduced it in 1915 and col-
laborated with Jacobaeus in the creation of the 

  Fig. 2.2    Thoracoscopy in 
1920: Jacobaeus       
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instrument that was most commonly used at that 
time. His personal experience comprised of 
approximately 2,500 interventions (Fig.  2.3 ), and 
he published a short article on the method 
(Unverricht  1923 ) which was illustrated with 
explanatory watercolours. Other important 
German physicians in this fi eld included Diehl 
and Kremer who published a complete mono-
graph on the subject (Diehl and Kremer  1929 ).

   In 1923 in Scandinavia, Holmböe designed 
special haemostatic forceps with a mechanical 
action to prevent haemorrhage, and Güllbring 
worked extensively on improving the illumina-
tion of the optic and also invented an adjust-
able operating bed which was widely used in 
Europe. He extended the treatment of lysis of 
adhesions even in cases with apparent com-
plete pneumothorax. 

 Singer and Davidson became known in the 
United States mainly for the introduction of com-
plex combined instruments in the attempt to 
replace the old thoracoscope, which, despite their 
efforts, remained the instrument of preference 
(Fig.  2.4 ). However, the most signifi cant American 
contribution came from Matson (Fig.  2.5 ), who 
performed 350 interventions over a 15-year period 

and adopted an effective strategy to avoid endo-
pleural haemorrhage, using the recently intro-
duced electrocautery scalpel with excellent results 
(Matson  1936 ).

    In Switzerland the most important contribu-
tion came from G Maurer, a thoracic surgeon in 
Davos, who, concerned by the problem of fre-
quent haemorrhage, developed a technique to 
isolate the point of attachment of adhesions. 

 Chandler was undoubtedly the best-known 
thoracoscopist in Britain of that period, and he is 
noted for the introduction of his eponymous com-
bined thoracoscope. This instrument had an opti-
cal deviation of 30° which permitted the rapid 
passage from coagulation to sectioning of the 
adhesions without changing cautery. It was used 
principally in Britain and was described in a 1930 
article in the Lancet, which was an important 
contribution regarding thoracoscopy in a journal 
with such a wide distribution (Chandler  1930 ). 

 In Spain in 1924, Xalabarder invented a simple 
new technique of transillumination of adhesions 
by placing the cautery behind them and bringing 
it quickly to a high temperature, thereby generat-
ing an intense red-white light. The Portuguese 
Lopo de Carvalho, a noted scholar of pulmonary 

  Fig. 2.3    Thoracoscopy in 
1925: Unverricht       
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angiography, was among the fi rst to use thoracos-
copy in the treatment of tuberculosis. 

 The Canadian thoracic surgeon Norman 
Bethune (1890–1939) designed a number of new 
instruments which were integrated with existing 
ones. He patented lights to transilluminate adhe-
sions and invented staples to position adherences 
before sectioning, and his name is connected to 
the fi rst nebulisation of talc in the pleural cavity 
(Bethune  1935 ). 

 In Italy, Stolkind was the fi rst to use the thora-
coscope; and in 1914 he wrote, referring to the 
experience of Jacobaeus, that “  la toracoscopia 
rappresenta uno degli importanti mezzi ausiliari 
di diagnosi dei tumori del cavo pleurico, dei 

 noduli tubercolari e del punto di lacerazione del 
 polmone nel pneumotorace”  (thoracoscopy rep-
resents one of the important auxiliary methods of 
diagnosis of tumours of the pleural cavity, of 
tubercular nodules and the point of laceration of 
the lung in pneumothorax) (Stolkind  1914 ). But 
the brightest star was Felice Cova, who was 
called the “Paganini of the thoracoscope” because 
of his consummate skill and dexterity with the 
instrument and who published a magnifi cent 
book entitled the  Atlas Thoracoscopicon,  which 
includes many excellent didactic illustrations 
(Cova  1928 ). 

 A large number of books on the subject of 
 thoracoscopy were published in that period – in 

  Fig. 2.4    Thoracoscopy in 
1929: Matson       

  Fig. 2.5    Thoracoscopy in 
1926: unknown       
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various countries and languages. These were 
copiously illustrated and by and large complete 
works. Some of the most signifi cant texts are 
those by Unverricht (Unverricht  1923 ), Cova 
(Cova  1927 ), and Dihel and Kramer (Diehl and 
Kremer  1929 ). But perhaps the most complete is 
that by Mistal, a Swiss physician entitled 
“ Endoscopie et pleurolyse ” with a preface by 
Jacobaeus. It is a comprehensive monograph of 
400 pages in 11 chapters with numerous draw-
ings and photographs including 557 bibliographi-
cal references (Mistal  1935 ). 

 There is no doubt that thoracoscopy was the 
principal method used for the lysis of adhesions 
(Fig.  2.6 ) (Jacobaeus operation) as it now had 
become reliable and recognised both experimen-
tally and in practice. Dedicated endoscopic 
rooms were developed, nursing staff were appro-
priately trained, and thorax models were created 
and widely distributed in order to teach the 
Jacobaeus operation.

   However, there was no improvement to biopsy 
forceps (staging of endothoracic cancer was still 
being carried out with open thorax). There was still 
no talk of pleurodesis, pneumothorax prior to the 
examination of the pleural cavity was seen as a 
dangerous manoeuvre, and even biopsy was con-
sidered unsafe because of the risk of haemorrhage. 

 But diagnostic thoracoscopy, for indications 
other than tuberculosis and without performing 
therapeutic pneumothorax, had begun. 

 At fi rst only anecdotal evidence suggested the 
verifi cation of occasional cases of metastatic 
tumours or mesothelioma or cases of spontane-
ous pneumothorax. For example, the French phy-
sicians Sergent and Kourilsky published in the 
“ Travaux originaux”  section of  Presse Medicale  
an article entitled “ Contribution a l’ étude de 
l’endothéliome pleural – Image radiologique e 
pleuroscopique ” (Contribution to the study of 
pleural endothelioma – radiological and pleuros-
copic image). It discusses the case of a  62-year- old 
patient with a history of repeated    thoracentesis, 
parietal thoracic swelling, and radiological verifi -
cation of pleural nodules. Pleuroscopy was car-
ried out for diagnosis with only a macroscopic 
exam performed and without tissue biopsy 
(Sergent and Kourilsky  1939 ). This initial 
 contribution was followed by a paper from 
Fourestier and Duret who maintained, again in 
the  Presse Medicale,  that pleural biopsy is essen-
tial for the diagnosis of endothelioma, citing 
three clinical cases they had observed (Fourestier 
and Duret  1943 ). They stressed the importance of 
distinguishing between true primary pleural 
tumours (endotheliomas), which are extremely 

  Fig. 2.6    Thoracoscopy in the 
1930s: unknown       
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rare, and pulmonary tumours which develop later 
and are more common. In reality the two patholo-
gies, although prognostically very different, 
“ sont parfaitement susceptibles de revêtir la 
même morphologie ” (are perfectly capable of 
assuming the same morphology). 

 The pleuroscopic approach with these three 
patients followed a long course which comprised 
of preparatory thoracentesis and complex differ-
ential diagnoses. Only when these are in place 
can the biopsy be performed. This was defi ned as 
“ la clef du problème ” (the key to the problem). 
The case of the third patient is notable in that he 
was a 40-year-old man who in the course of 
1 year, from 14 February 1942 to 14 February 
1943, underwent 159 thoracentesis – one every 
2 days – during which a total of 310 l of pleural 
liquid was drawn off. 

 In the fi eld of diagnostic thoracoscopy, men-
tion should be made to an article published by 
Fabri and Parmeggiani reporting their observa-
tions on exudative pleuritis (Fabri and 
Parmeggiani  1942 ). It deals with ten cases of 
acute pleuritis, nine of which were shown to be 
related to tuberculosis and in which the diagnosis 
was exclusively macroscopic. In the single non- 
tubercular case, a hyperaemic visceral pleura is 
described on which yellowish nodules and 
plaques are present. This had a gelatinous aspect 
and was apparently neoplastic in nature. Accord-
ing to the authors the advantage of thoracos-
copy lay in highlighting in vivo circulatory 
modifi cations  with in the pleural cavity, some-
thing clearly impossible in a post-mortem 
examination. It is interesting to note that in 
their conclusions they state that “questo  inter-
vento deve essere attuato tempestivamente, sia 
a versamento formato sia anche davanti a mod-
iche quantità di liquido, onde evitare la 
formazione di dannose aderenze ” (this inter-
vention should be performed rapidly, both with 
large and small effusions, in order to avoid 
damaging adherences). 

 J.M.C. Branco described his experience in 
diagnostic thoracoscopy which included its use 
in the examination of thoracic trauma caused by 

a penetrative wound (Branco  1946 ). First, he 
assessed the extent of the wounds in fi ve patients 
and then successfully coagulated the injured ves-
sel, arterial or venous depending on the case. 
Finally, he washed the pleural cavity with saline 
solution and subsequent aspiration of the fl uid. 
He suggested that in cases where thoracotomy is 
unavoidable, thoracoscopy may be useful in 
identifying the best point of access to the thorax. 

 It is also worth noting the report by Coulaud 
and Deschamps described the serendipitous 
pleuroscopic discovery of an asymptomatic pul-
monary perforation (Coulaud and Deschamps 
 1947 ). The patient underwent four successive 
thoracoscopies in order to assess the evolution of 
the fi stula, which, after injection of 10 g of cri-
salbine around the edges, healed in about 
2 months. 

 The use of thoracoscopy in pneumotho-
rax is primarily accredited to Anton Sattler, 
who dedicated a large part of his professional 
life to the study of this condition and its man-
agement. His most important work on the 
subject was the article “Zur Behandlung des 
Spontanpneumothorax mit besonderer Berück-
sichtigung der Thorakoskopie” (On the treatment 
of spontaneous pneumothorax with special atten-
tion to thoracoscopy) (Sattler  1937 ). Sattler con-
sidered the pleura to be the mirror of the most 
diverse pathological processes and was a strong 
advocate of the diagnostic importance of thora-
coscopy and of the need to induce pneumothorax 
before carrying out the examination.  

2.5     Pleurodesis 

 The fi rst contribution on pleurodesis is from the 
French physicians Quénu and Longuet, who pub-
lished a systematic review where they discussed 
the various methods up to that point to keep the 
lung distended once the thoracic cavity was open 
(Quenu and Longuet  1896 ). At the time, single 
lung intubation did not exist, and parenchymal 
collapse after thoracotomy was viewed with 
extreme trepidation. Trials with Saurbach’s 
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negative pressure chamber only began at the 
beginning of the twentieth century. 

 The list of techniques to achieve pleurodesis is 
long and diverse: including simple irritants such 
as iodoform gauze, hot needles, needle puncture, 
and thermoelectrical irritation; chemical irritants 
such as zinc chloride and potassium hydroxide; 
and agglutinants such as sealing wax, glue, and 
mistletoe – often more injurious than effi cacious. 
In some cases it became a real surgical interven-
tion which involved scarifi cation of the serous 
membranes or the introduction of binding sub-
stances in order to suture the lung to the thoracic 
wall. All these attempts were ineffective. Samuel 
Robinson, a famous American thoracic surgeon 
stated “ If one lobe can be anchored so that 
remains in position during resection of the others 
lobe or lobes, the chief obstacle to successful 
lobectomy will be removed ” (Mumford and 
Robinson  1914 ). This anchorage was considered 
necessary for a two-stage lobectomy, and in par-
ticular for bronchiectasis, which at the time was a 
frequent and disabling disease. It would therefore 
have been necessary to fi rstly carry out a 
pleurodesis before performing the lobectomy. 

 This objective was achieved by the Canadian 
thoracic surgeon Norman Bethune who pub-
lished an article in the Journal of Thoracic 
Surgery entitled “ Pleural poudrage - A new tech-
nique for the deliberate production of pleural 
adhesions as a preliminary to lobectomy ” 
(Bethune  1935 ). The article describes the pro-
cess of pleurodesis on animals and demonstrated 
its effi cacy in producing adhesions – poor after a 
week, but adequate after a month. Bethune used 
the method in four patients with bronchiectasis 
where “pleural poudrage” was carried out 1 or 
2 months prior to the lobectomy – the procedure 
was successful in all cases. He used instruments 
he had designed himself, such as the two-way 
insuffl ator: an entrance for insuffl ation and an 
exit which emptied the cavity of the smallest 
amount of air in order to maintain a constant 
endopleural pressure. 

 This technique remained largely neglected for 
many years. However, the technique gained a 

renaissance when effective adhesions for neo-
plastic pleuritis were being sought. It was only 
then that the modernity and foresight of this pio-
neering work was appreciated.  

2.6     Post-World War Decline 

 In the 1950s enormous changes in the manage-
ment of tuberculosis was realised, mainly from 
the positive impact of the introduction of antibi-
otics. However, this also had a negative impact on 
thoracoscopy. The “Jacobaeus operation” 
(Fig.  2.7 ) was gradually abandoned, as was lobar 
collapse therapy in general.

   Paradoxically, it was the operation’s diffusion 
in the previous years, with emphasis on the lysis 
of adhesions, which meant that for many people 
it had become almost a synonym for thoracos-
copy. Evidently the small number of works dedi-
cated to its diagnostic application was not 
suffi cient to create a solid foundation for the 
technique. 

 During that period, pleural needle biopsy 
(DeFrancis et al.  1955    ) was introduced. It was 
easier to perform than thoracoscopy and was seen 
as a potential replacement for thoracoscopy to 
obtain pleural biopsies. It achieved a moderate 
level of acceptance, in particular in English- 
speaking countries, where thoracoscopy had not 
been in widespread use, became almost com-
pletely forgotten to the point that until recent 
times the alternative to non-diagnostic needle 
biopsy was thoracotomy. 

 In some parts of Europe, however, thoracos-
copy continued to be practised, principally for 
diagnostic purposes. However, there was also a 
widening of the areas of application of the 
 technique, for example, with the introduction of 
pulmonary biopsy. During the 1960s there was a 
slow revival of the technique, demonstrated by 
the publication of large clinical studies dealing 
with hundreds of patients: 130 cases by Bergquist 
and Nordenstam ( 1966 ); 488, Sattler ( 1968 ); and 
1,130 subjects in the Brandt paper (Brandt and 
Mai  1971 ).  
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2.7     Renaissance 

 The real renaissance began in the 1970s, when 
there was a tangible increase in the utilisation of 
pleural endoscopy. Publications on the subject 
increased greatly (over 100 papers between 1970 
and 1980), and at the same time there were sig-
nifi cant technical improvements such as the use 
of cold light and better-quality optics. 

 In Europe the important role of pulmonolo-
gists was recognised, and many became refer-
ence centres in their various countries due to their 
long clinical experience and scientifi c research: 
Alcozer in Italy, Boutin in France, Brandt and 
Loddenkemper in Germany, Sattler in Austria, 
and Swierenga and Viskum in Scandinavia. 

 In 1980 Boutin organised the fi rst 
“International Symposium on Thoracoscopy” in 
Marseille, which was attended by 140 physicians 
from 16 countries (Boutin et al.  1981 ). He initi-
ated an educational programme entitled “Course 
on Thoracoscopy” which in subsequent years has 
become an international point of reference in the 
training of numerous professionals throughout 
the world. Christian Boutin deserves recognition 
not only for having improved the quality and 
increased the diffusion of thoracoscopy (his is 
still the most commonly used thoracoscope) but 
also for having placed it in a larger context. It is 
now applied in all aspects of pleural disease, such 
as staging in mesothelioma or giving indications 
for effective pleurodesis without complications. 

  Fig. 2.7    Thoracoscopy in the 
1950s: unknown       
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 There are a number of publications deal-
ing exclusively with thoracoscopy during the 
last four decades. Swierenga published the first 
photographic atlas of thoracoscopy which had 
wide distribution in Europe (Swierenga  1978 ), 
and in 1983 the “ Atlas der diagnostischen 
Thorakoskopie ” was published by Brandt and 
colleagues and this was later translated into 
English (Brandt et al.  1985 ). “ La toracoscopia 
diagnostica ” by Alcozer and Dorigoni appeared 
in 1984 with numerous illustrations in colour 
(Alcozer and Dorigoni  1984 ). It was the result of 
a long personal experience and was the first pub-
lication in Italian on the subject of thoracoscopy 
since Cova, cited above. 

 A volume entitled “Toracoscopia” was pub-
lished in Spain by Quetglas, Velasquez, and Pujol 
with contributions from various Spanish pulmon-
ologists and thoracic surgeons (Quetglas et al. 
 1985 ). 

 In 1991 Boutin and collaborators published 
“Practical Thoracoscopy” (Boutin et al.  1991 ). It 
is an exceptional synthesis of technical knowl-
edge and application of a method. It has now 
become an integral text of endoscopy for 
pulmonologists.  

2.8     Surgical Thoracoscopy 

 The 1990s was another major phase in the history 
of the technique: the development of a thoraco-
scopic technique that was exclusively surgical. 

 Similar to the early stages of endoscopy, 
where cystoscopy led the way for other applica-
tions, it was laparoscopic surgery which provided 
the impetus to surgeons around the world to 
rediscover thoracoscopy. 

 In the early 1990s laparoscopic cholecystec-
tomy was developed with considerable success 
and subsequently numerous applications. Imme-
diately after, publications began to appear 
describing experiences of thoracic surgeons in 
thoracoscopy: pulmonary biopsy, treatment of 
the pneumothorax with resection of pustules and 
blebs, removal of pulmonary nodules, interven-
tions on the mediastinum, and even lobectomy 
and pneumonectomy. 

 The evolution and diffusion of the method has 
been extremely fast and is directly linked to tech-
nological progress, in particular video technology 
and the design of dedicated surgical instruments. 

 The use of video support has meant the coin-
ing of new terminology, such as  videothoracos-
copy, surgical videothoracoscopy, and video 
assisted thoracic surgery or VATS.  

 At the same time there has been a virtual 
explosion of literature on the subject. Publications 
were not slow to appear: Gossot “ Surgical thora-
coscopy ” (Gossot et al.  1994 ), Krasna “ Atlas of 
thoracoscopic surgery ” (Krasna and Mack  1994 ), 
and Inderbitzi “ Surgical thoracoscopy ” 
(Inderbitzi  1995 ). These are just a few of the ear-
lier volumes published. 

 Surgery appeared to follow its own path and 
continued to strengthen its indications. In addi-
tion internists have attempted to improve the per-
formance and reduce the degree of invasiveness. 
Attempts are being made to reduce the size of 
optics (minithoracoscopy) (Inculet and Malthaner 
 1998 ; Tassi and Marchetti  2003 ) and semi- 
fl exible instruments similar to those used in bron-
choscopy (Colt and Lee  2005 ). 

 However, these newer techniques are perhaps 
too recent to qualify as being “history” rather 
than just “news” of events which are currently 
evolving.     
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3.1           General Information 

 In humans, the thoracic organs are protected 
within a bony wall, muscles, and membranes. 
Thus, to ensure its best protection and function, 
the lung is surrounded by chest ribs, thick mus-
cles of the chest wall, and the pleura. The outer 
surface of the lung and the inner surface of the 
thoracic cage are covered by a thin elastic serous 
membrane which is called the pleura. The pleura 
and the pleural cavity are essential for the effi -
cient function of the lung as are the pericardium 
and the pericardial cavity for the heart. 

 The pleura is formed by two serosal mem-
branes: the visceral pleura and the parietal pleura. 
The fi rst one is called the visceral pleura and cov-
ers the whole lung surface. The second mem-
brane, called the parietal pleura, covers the inner 
surface of the chest wall and the mediastinum 
(Fig.  3.1 ). The parietal pleura is divided into 
three different parts. The fi rst part is represented 
by the costal pleura and covers the inner part of 
the chest ribs. The second component covers the 
diaphragm, and the last one is represented by the 
pleura surrounding the mediastinum. At this level 
the refl ection covers the different constituents of 
the pulmonary hilum including the main pulmo-
nary artery, the pulmonary veins, and the main 

bronchus. Inferiorly the refl ection extends down 
to the diaphragm. The overall shape of this refl ec-
tion looks like a racket. The handle of this racket 
forms the ligament joining the lung to the dia-
phragm and is called the pulmonary ligament 
(Brizon and Castaing  1989    ) (Fig.  3.2 ).

    Dissection of this ligament is usually one of 
the fi rst surgical steps in thoracic surgical proce-
dures and allows for a complete release and 
mobilization of the lung for further intervention. 
This pulmonary ligament contains several lymph 
nodes important in lung cancer staging. Indeed 
this area is an important part of the radical lymph-
adenectomy associated with pulmonary resection 
and is currently designated as station 9 in the 
international lymph node classifi cation (Mountain 
 1997 ) (Fig.  3.3 ).

   The space delineated by the two serosal layers 
of the pleura is commonly called the pleural 
space or pleural cavity. Both pleural surfaces 
have two layers: a superfi cial mesothelial cell 
layer facing the pleural space and an underlying 
connective tissue layer (Lee and Olak  1994    ). 

 The pleural space is a thin negative pressure 
cavity with a small amount of fl uid. The amount of 
fl uid is strictly regulated by processes of fi ltration 
and absorption. Indeed the lung has to change vol-
ume continuously during respiration. One of the 
primary roles of the pleural fl uid is to transmit the 
transpleural forces occurring during the respiratory 
cycle and to ensure adequate coupling between the 
lung and the chest wall during normal breathing. 
The pleural cavity plays a major role in decreasing 
friction during respiration (Wang  1998    ).  
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  Fig. 3.1    The two layers of the 
pleura       
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  Fig. 3.2    The transition between the two layers at the level 
of the pulmonary hilum       

  Fig. 3.3    Lymph node stations as approached by 
thoracoscopic       
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3.2    Embryology 

 The pleural cavity is created between the 
fourth and the seventh week of embryologic 
development and at that stage is lined by the 
splanchnopleure and the somatopleure. These 
embryonic components of the visceral and 
parietal pleura develop different anatomic 
characteristics with respect to vascular, lym-
phatic, and nervous supply (Lee and Olak 
 1994 ; Wang  1998 ). 

 During the third week of gestation, there is 
differentiation of the embryonic mesoderm into 
three different parts; these are called the paraxial 
mesoderm, the intermediate mesoderm, and the 
lateral plates. The lateral plate is formed by two 
different layers: the fi rst one is the somatic meso-
derm or somatopleure and the second one is rep-
resented by the splanchnic mesoderm which is 
also referred to as the splanchnopleure. The 
somatopleure is the original membrane for the 
parietal pleura while the splanchnopleure will 
become the visceral layer of the pleura (Fig.  3.4 ).

   There is creation of the intraembryonic cav-
ity by ventral migration of the somatopleure 
towards the midline. The intraembryonic coe-
lom is the primitive cavity that will form the 
three major body cavities: pericardium, pleura, 
and peritoneum (Fig.  3.5 ). The pleural cavity is 

later separated by the diaphragm from the peri-
toneal cavity inferiorly. Superiorly the pleuro-
pericardial fold divides into the heart and the 
lung buds at the end of the fi fth week of gesta-
tion. There is midline fusion of the pleuroperi-
cardial folds and separation of the pleural cavity 
from the pericardial sac. The pleural cavity 
continues to expand until the end of the third 
month (Fig.  3.6 ).

Lateral plate

Amniotic cavity

Somatopleure

Splanchnopleure

Yolk sac

  Fig. 3.4    The somatic 
mesoderm and the splanchnic 
mesoderm form the lateral 
plate       

Amniotic cavity

Intra-embryonic
coelomic cavity

  Fig. 3.5    The creation of the intraembryonic coelom       
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3.3        The Visceral Pleura 

 The visceral pleura is a thin, transparent mem-
brane which covers all the lung parenchymal sur-
face and extends into the fi ssures. The visceral 
pleura is extremely adherent to the underlying 
lung parenchyma by elastic fi bers. There is no 
plane between the alveolar tissue and the visceral 
pleura. Indeed the dissection of the visceral 
pleura, pleurectomy, results in lung damage by 
tearing the alveolar wall and inducing air leak 
from the alveoli. The disruption of the elastic 
fi bers results in the formation of pleural blebs.  

3.4    The Parietal Pleura 

 The parietal pleura is more complex anatomi-
cally. The parietal pleura almost completely cov-
ers the inner surface of the chest wall and the 
medial aspect of the mediastinum. The attach-
ment of the parietal pleura to these structures is 
through a fi brous layer known as the endotho-
racic fascia. The parietal pleura is divided into 

three parts: the costal pleura, the diaphragmatic 
pleura, and the mediastinal pleura. The transition 
between each part produces several pleural 
sinuses. The fi rst one is the anterior and posterior 
costomediastinal sinus, the second one is the cos-
tophrenic sinus, and the last one is the mediasti-
nophrenic sinuses. The projection of the pleural 
sinuses is near identical on both sides. Anteriorly, 
laterally, and posteriorly the lung extends less 
inferiorly than the pleural sinuses. At the apex of 
the chest, the pleural space and the lung extend 
above the bony limits of the thorax (3 cm above 
the medial part of the clavicle). This data explains 
why injury in the neck can create pleural intru-
sion and in turn result in a traumatic 
pneumothorax. 

 Anatomically the endothoracic fascia is prom-
inent on the chest ribs. It is absent behind the 
sternum and on the pericardium. At the level of 
the thoracic inlet, the fascia is very strong and 
forms a diaphragm called as the fi brous cervico-
thoracic fascia of Bourgery. This diaphragm is 
supported by a number of suspensory ligaments 
to the surrounding structures – the spine, the 
clavicle, and the fi rst rib.  

Lung bud
Pleuropericardial

fold

Phrenic
nerve

Common
cardinal

vein

  Fig. 3.6    The midline fusion 
of the pleuropericardial folds       
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3.5    Vascularization of the Pleura 

 The blood supply of the pleura is complex and 
originates from different vascular networks 
depending on the topography of the pleura. 
Vascularization of the parietal and the visceral 
pleurae is completely independent. 

3.5.1    Arterial Blood Supply 

 The parietal pleura has a rich vascular supply. 
The costal pleura is vascularized by the intercos-
tal arteries and from several branches of the inter-
nal mammary artery (IMA). The mediastinal 
pleura is dependent on the bronchial arterial 
 system and upper diaphragmatic arteries with 
additional supply from branches of the IMA. The 
pleural dome is completely independent in its 
blood supply originating from the subclavian 
arteries. 

 With respect to the visceral pleura, the bron-
chial arteries and the pulmonary circulation pro-
vide vascularization.  

3.5.2    Venous Blood Supply 

 The venous blood return of the parietal pleura 
drains into the peribronchial veins and/or directly 
into the vena cava, while venous blood from the 
visceral pleura is drained in the pulmonary 
venous system.  

3.5.3    The Lymphatic Drainage 

 There are two distinct lymphatic systems for the 
pleura. 

 Within the visceral pleura, there is a rich net-
work of lymphatics in the subpleural space. 
These lymphatics are particularly prominent at 
the origin of the peripheral lobule. All these lym-
phatics drain to the pulmonary hilum and from 
there into the pulmonary lymphatic system. 
There is no communication between the lym-
phatics of the visceral pleura and the pleural 

space, but there is a rich connection with the 
intraparenchymal network. 

 Conversely, there is a direct communication 
(stomata) between the pleural space and the pari-
etal pleural lymphatic channels. These stomata 
(diameter 2–12 μm) were fi rstly described by Von 
Recklinghausen in 1863. They are abundant at the 
base of the pleural cavity especially at the lowest 
part of the costal pleura (100/cm 2 ) and the dia-
phragmatic pleura (8,000/cm 2 ). Through these 
lymphatics the parietal pleura is drained into the 
intercostal and the internal mammary system.   

3.6    The Innervation 
of the Pleura 

 The visceral pleural has somatic innervation and 
therefore is nonsensitive. In contrast, the parietal 
pleura is innervated through a rich network of 
somatic, sympathetic, and parasympathetic fi bers 
arising from the intercostal nerves, the phrenic 
nerve, and also the vagus nerve.  

3.7    Pleural Abnormalities 

 When thoracoscopy was fi rst performed for diag-
nosis and exploration, it quickly became apparent 
that this was an excellent therapeutic and mini-
mally invasive tool. Nowadays thoracoscopy per-
mits either pleural or pulmonary biopsy, staging 
in pulmonary and pleural malignancies, pleurode-
sis for persistent effusions or pneumothoraces, 
and even debridement in some cases with empy-
ema (Oakes et al.  1984 ; Van Schil et al.  1996 ). 

 It is not surprising to discover some anatomi-
cal variations during thoracoscopy. In fact, 
altered embryogenesis may explain some of these 
congenital anomalies within the pleural cavity. 
These defects are rare and occur in less than 1 % 
of patients. These anatomical variations are fre-
quently discovered incidentally during the thora-
coscopy but should be recognized by the main 
operator. The most frequent anomaly of the 
pleura is probably the bullae and blebs (Fig.  3.7 ). 
Subpleural blebs or bullae, which are designated 
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as emphysema-like changes, are seen in 
75–100 % of patients with primary spontaneous 
pneumothorax, even in nonsmokers (Ayed et al. 
 2006    ). As soon as they are identifi ed, they are 
either resected with an endostapler by the sur-
geon or coagulated by the pulmonologist. 
However there is no guarantee that the visualized 
blebs are the only factor responsible for the 
occurrence of the pneumothorax. Controversies 
remain as to the contribution of these abnormali-

ties to the occurrence of the pneumothoraces, and 
therefore it is not uncommon for the surgeon to 
also perform either pleural abrasion or partial 
parietal pleurectomy at the same time.

   Thoracoscopy allows for a perfect exploration of 
the pleural cavity including the lung, the mediasti-
num, the parietal pleura, and also the diaphragm. 
The diaphragmatic surface could have several 
anomalies recognized as defects or spots. Diaph-
ragmatic defects may be diagnosed incidentally 

  Fig. 3.7    Videothoracoscopic 
   approach in the treatment of 
primary spontaneous 
pneumothorax (with the 
resection of pleural blebs on 
the apex using staplers), 
parietal pleura (◻), atelectatic 
lung (O), blebs on the lung 
apex (arrow)       

  Fig. 3.8    Videothoracoscopic 
   view of a congenital 
diaphragmatic defect (arrow) 
diagnosed incidentally. Suture 
under thoracoscopic control 
with interrupted stitches       
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during thoracoscopy and, if possible, should be 
repaired (Fig.  3.8 ). Such diaphragmatic defects may 
explain part of the pathophysiology of catamenial 
pneumothorax in women (Korom et al.  2004 ).

   During embryogenesis, an arrest in the devel-
opment of the transverse septum or pleuroperi-
cardial membrane may lead to a partial or 
complete congenital defect of the pericardium 
(Fig.  3.9 ). This abnormality is rare (less than 200 
cases published in literature) (Nguyen et al. 
 2001 ). Fortunately, in the majority of cases, no 
symptoms are reported. However, patients may 
rarely complain of chronic chest pain mimicking 
coronary artery disease. The diagnosis has also 
been incidentally made at the time of thoracos-
copy (Chapman et al.  1988 ).

   Another frequent congenital anomaly is a cys-
tic lesion such as the pleuropericardial cyst. This 
benign tumor, which is usually asymptomatic, is 
diagnosed on chest X-ray or computed tomogra-
phy. The enlarging volume of the cyst may, in 
some rare cases, induce chest pain. Surgical exci-
sion of the cyst is feasible by video-assisted thora-
coscopic surgery but should not be routinely 
recommended (Hazelrigg et al.  1993 ).
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The pleural space is a liquid-filled cavity enclosed 
between the parietal mesothelium located on the 
inner surface of the thorax, the diaphragm and the 
mediastinal tissues and the visceral mesothelium 
present on the lung surface (Fig. 4.1). The pleural 
space does not simply represent a “separating 
compartment”, but actually plays an essential 
role in the physiology of the respiratory system. 
In fact, the intrapleural pressure determines lung 
expansion during the respiratory cycle. In addi-
tion, the small volume and the composition of 
pleural fluid allows for an almost frictionless 
continuous sliding of the facing mesothelia dur-
ing breathing, thus avoiding mechanical damage 
to the opposing sliding surfaces.

4.1 Morphology of the Parietal 
and Visceral Pleural Tissue

4.1.1 Mesothelial Cells

Mesothelial cells are flat, squamous-like cells 
approximately 1–4 μm thick (Wang 1974) with 
an average diameter of an estimated 25 μm. They 
contain few organelles, including microtubules 
and microfilaments, vesicles and vacuoles, a few 
mitochondria and poorly developed Golgi appa-
ratus and rough endoplasmic reticulum. Cells are 

connected by tight junctions, adherens junctions 
in their apical portion (Fig. 4.2), gap junctions 
and desmosomes at their basal side; the luminar 
surface of the cells, especially on the visceral 
side, presents a well-developed microvilli brush 
(Bernaudin et al. 1991; Wang 1974, 1985). The 
renewal rate of mesothelial cells is very low 
(<0.5 % of cells undergo mitosis at any one time); 
however, cell proliferation greatly increases after 
injury to the mesothelial surface or after expo-
sure to inflammatory agents suggesting a role for 
mesothelial cells in wound healing but also in 
serosal fibrosis and adhesion formation (Foley- 
Comer et al. 2002; Mutsaers et al. 2002). In spite 
of its apparent delicacy, mesothelial cells consti-
tute, together with the submesothelial interstitial 
tissue layer, a protective barrier against mechan-
ical insult. They also synthesise saturated (pri-
marily dipalmitoylphosphatidylcholine) and 
unsaturated phospholipids (stearoyl linoleoyl- 
phosphatidylcholine typically encountered in 
surfactant lining the  alveoli). Unsaturated phos-
pholipids appear functionally more important in 
the pleural cavity than in the alveolar lining; this 
is likely due to their specific ability to greatly 
reduce the coefficient of friction between slid-
ing surfaces compared to saturated phospholip-
ids (Hills et al. 1982, 1992; Mills et al. 2006). 
Mesothelial cells synthesise hyaluronan (HA) 
(Wang and  Lai-Fook 2000), a large molecular 
weight (>106 Da) glycosaminoglycan which is 
a typical constituent of the extracellular tissue 
fibre matrix and whose most distinctive prop-
erties are related to its  viscoelastic behaviour. 
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In fact, since its viscosity is inversely related 
to the shear rate, or the velocity gradient, it has 
been proposed that hyaluronan, together with 
graphite-like  phospholipids, may play an impor-
tant role in lubrication of the pleural surfaces 
(Andrews and Porter 1973). The cells secrete 
extracellular fibrous matrix macromolecules 
such as elastin, fibronectin, glycoproteins, pro-
teoglycans and collagen type I, II and IV (Arai 
et al. 1975; Bernaudin et al. 1991; Rennard et al. 
1985). Finally, mesothelial cells secrete various 
pro-, anti- and immunomodulatory mediators, 
such as chemokines, cytokines and growth fac-
tors, prostaglandins and prostacyclin, reactive 
nitrogen and oxygen species and antioxidant 

enzymes, thus playing an important role in the 
postinflammatory tissue remodelling (Mutsaers 
et al. 2002).

4.1.2 Subpleural Interstitial Space 
and Blood Supply

Mesothelial cells rest on a thin basement mem-
brane supported by a layer of submesothelial 
interstitial space with a thickness of approxi-
mately 10–20 μm on the visceral pulmonary 
surface and 100–150 μm on the parietal side 
(Albertine et al. 1982, 1984; Mariassy and 
Wheeldon 1983). In all mammalian species, 
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Fig. 4.1 A schematic drawing of the pleuropulmonary 
compartments involved in the turnover of fluid within 
the parietal extrapleural interstitium, the pleural space and 
the pulmonary interstitium. The red arrows indicate the 
fluid filtration across either the systemic, pulmonary 

endothelium or parietal mesothelium. The yellow arrow 
indicates the absorption of pleural fluid towards the paren-
chyma. The blue arrows represent the absorption of pleu-
ral and pulmonary interstitial fluid into the respective 
lymphatic networks
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the parietal submesothelial interstitium is sup-
plied by blood capillaries arising from the sys-
temic circulation. In contrast, the blood supply 
to the visceral submesothelial interstitium may 
derive either from the bronchial (as in human, 
sheep, horse and pig) or the pulmonary (as in 
dog, cat and rabbit) circulation (Agostoni 
1986).

4.1.3 The Pleural Lymphatic System

An important and unique feature of the parietal 
pleura which is not shared by the visceral meso-
thelium is the presence of so-called stomata 
(Fig. 4.2a). These are discontinuities of the pari-
etal mesothelium and of the submesothelial inter-
stitial space which form cylindrical-like openings 

a

d e f

b c

Fig. 4.2 (a) Scanning electron microscope photomicro-
graph of a lymphatic stoma on the tendinous pleural dia-
phragmatic surface (Modified from Negrini et al. (1991a, 
b, c)). (b) Semithin cross section of rat diaphragm show-
ing the arrangement of the diaphragmatic lymphatic net-
work originating from the pleural (PL) and the peritoneal 
(PE) surfaces. Four types of lymphatic structures may 
be distinguished: submesothelial lacunae (arrowhead) 
within the interstitial space beneath the mesothelial layer; 
transverse ducts (arrow) running perpendicularly to the 
lacunae through the muscular fibres (M); and central col-
lectors (C), in the deep diaphragm. (c) At transmission 
electron microscopy (TEM), the pleural submesothelial 

connective tissue layer is composed of loose collagen 
fibres (CF) organised in bundles and contains lymphatic 
lacunae lined by a discontinuous endothelium (arrow-
heads). ME mesothelium. (d) Transverse ducts (arrow) 
lined by a discontinuous endothelium and central collec-
tor vessels (C) lined by a continuous endothelium. 
(e) Transverse lymphatic ducts with intraluminar valves 
(arrowheads) formed by two leaflet attached at opposite 
sides of the lymphatic vessel walls. (f) Primary valves 
(arrowheads) formed by two adjacent endothelial cells of 
a diaphragmatic initial lymphatic (arrow) (b, c, d, e, f 
modified from Grimaldi et al. (2006))
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creating the origin of the pleural lymphatic sys-
tem (Negrini et al. 1991b; Wang 1975). Although 
widely spread over the diaphragmatic, costal 
(average density, ~100/cm2) and mediastinal 
parietal pleura, the greater density is encountered 
on the diaphragmatic surface (~8,000/cm2), 
where they are distributed on the tendinous and 
the muscular region of both the pleural and peri-
toneal surfaces (Negrini et al. 1991a). The sto-
mata (the average diameter ranges from 0.5 to 
20 μm) form at the confluence between the meso-
thelial cells of the parietal pleura and the lym-
phatic endothelial cells and empty into an 
extensive network of lymphatic submesothelial 
lacunae (Grimaldi et al. 2006; Negrini et al. 
1992a), which is located within the interstitial 
space beneath the mesothelial monolayer 
(Fig. 4.2b). On the diaphragm, the lymphatic 
lacunae and the lymphatic capillaries originate 
directly from the interstitial tissue located 
amongst the skeletal muscle fibres (Fig. 4.2c) and 
empty into a system of transverse lymphatic 
ducts, which depart perpendicularly from the 
submesothelial lacunae and in turn connect to the 
deep central collecting system located in the deep 
interstitial space and surrounded by a continuous 
endothelial layer (Fig. 4.2d, e). All vessels 
belonging to this complex network share the 
same ultrastructural features typical of the so- 
called initial lymphatic vessels: (a) the basal lam-
ina is discontinuous, (b) anchoring filaments of 
collagen 3 VII (Schmid-Schöenbein 1990) tightly 
and directly bond the outer surface of the lym-
phatic endothelial cells to the fibrous components 
of the extracellular tissue matrix connective tis-
sue or to muscle fibres and (c) endothelial cells 
are joined by tight or overlapping junctions. The 
structure of the lacunae wall, delineated by a dis-
continuous endothelium and apparently devoid 
of smooth muscle cells, suggests that these struc-
tures do not possess the spontaneous vasomotion 
that characterises, for instance, the lymphatic 
mesenteric vessels (Benoit et al. 1989; Zawieja 
et al. 1993). Initial lymphatic vessels are equipped 
with two types of unidirectional valves: primary 
valves in the vessel wall, formed by cytoplasmic 
extensions of adjacent endothelial cells protrud-
ing into the capillary lumen (Fig. 4.2f); this regu-

lates fluid and solute entrance from the interstitial 
space into the lymphatic lumen. In addition, the 
intraluminar valves, formed by a leaflet protrud-
ing from the lymphatic vessel wall (Fig. 4.2e), 
direct lymph through the vessel network towards 
the larger collecting lymphatics. The transverse 
lymphatic ducts and the central collecting system 
receive the newly formed lymph from the pleural 
submesothelial lacunae and from the internal and 
deeper interstitium and function as a collecting 
system for the lymph to be carried out of the dia-
phragm through extra-diaphragmatic collectors, 
mostly through the right and, to a lesser extent, 
the left lymphatic ducts.

The pleural lymphatic network is not limited 
to the diaphragm, but extends to the intercostal 
and to mediastinal tissues where stomata have 
also been described (Wang 1975). Conversely, no 
evidence of stomata has been reported for the vis-
ceral pleura, which is supplied by the pulmonary 
lymphatic network (Albertine et al. 1982; Hainis 
et al. 1994). Therefore, the lymphatic drainage of 
the pleural space and of the lung parenchyma 
occurs through completely independent 
networks.

4.2 Pleural Surface Pressure

The importance of the pleural space in terms of 
respiratory physiology depends on two elastic 
structures: the lung and the chest wall. Like all 
elastic structures, the lung and the chest tend to 
passively assume their resting volume, corre-
sponding to the position of minimal mechanical 
energy. The two structures have different shapes 
and mechanical properties—the resting volume 
of the chest is much larger compared to the lung. 
Therefore, to attain their respective mechanical 
equilibrium, the chest tends to expand while the 
lung tends to collapse. The recoil force of the 
lung and the chest wall per unit pleural surface 
area, defined as pleural surface pressure (Ppl), 
tends to pull apart the two structures, lowering 
the pressure in the pleural space (intrapleural 
depression). As a consequence of the effect of 
gravity on the lung tissue, lung recoil is not 
 uniform, but varies with lung height: in humans, 
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at a volume corresponding to the functional resid-
ual capacity (FRC), the average Ppl is ~−6 cm H2O 
at the heart level and decreases by approximately 
0.2 cm H2O/cm with increasing lung height 
(Agostoni 1972, 1986). The Ppl gravity distribu-
tion is extremely important from the mechanical 
standpoint, in that it determines local transpulmo-
nary pressure and regional lung expansion 
(Agostoni 1986; Lai Fook 2004).

4.3 Pleural Fluid Volume  
and Composition

The mammalian pleural space contains fluid, 
whose volume (Vpl) decreases with body mass, 
ranging from ~2.5 ml/kg in rats to ~0.04 ml/kg in 
pigs (Miserocchi et al. 1984), and is 0.26 ml/kg in 
healthy human subjects (Noppen et al. 2000). 
The fluid is distributed on an average total pleural 
surface area of ~90 cm2/kg of body weight 
(Miserocchi and Agostoni 1971). Pleural fluid 
thickness is also very variable amongst different 
species and within the same species in various 
regions of the pleural space, ranging between 
5 μm over the flat costal surface and 60–100 μm 
in fluid pools collecting at the lobar margins, at 
the lung base and in the diaphragmatic apposition 
zones (Lai-Fook and Kaplowitz 1985). The pres-
ence of freely moving fluid into the pleural space 
is common to all mammals, with the exception of 
the elephant, whose pleural space is liquid filled 
only in foetal life, and becomes obliterated by 
connective tissue at birth and remains obliterated 
during the animal’s entire life (West 2002).

Although the ionic composition of pleural 
fluid mirrors that of the extracellular extravascu-
lar fluid compartment, its physiological protein 
concentration (Cpr) is smaller compared to other 
interstitial spaces, varying between 2.5 g/dl in 
rats and 1.2 g/dl in pigs (Miserocchi et al. 1984). 
The normal concentration of glucose and lactic 
dehydrogenase (LDH) in pleural fluid is similar 
or slightly smaller (pleural fluid to serum concen-
tration ratio ~0.9) than the corresponding serum 
levels (Sahn and Light 1989). However, these 
parameters usually increase during inflammation 
when, associated to decreased pleural fluid pH, 

they are considered as some of the most impor-
tant clinical indicators to distinguish between 
transudative and exudative pleural effusions 
(Joseph et al. 2001; Sahn and Light 1989).

The pleural fluid also contains saturated and 
unsaturated phospholipids and hyaluronan, 
derived from mesothelial cells. While significant 
levels of HA are found in lung tissue and in the 
mesothelial microvilli layer (Fraser and Laurent 
1996), the normal pleural fluid hyaluronan con-
tent (~0.7 μg/ml) (Allen et al. 1992) is not consid-
ered significant to contribute to the lubrication of 
the mesothelial layer. HA dramatically increases 
in malignant pleural effusions (Thylén et al. 2001) 
and indeed is a significant prognostic value in 
malignant mesothelioma. Various cell types, such 
as detached mesothelial cells, lymphocytes, 
monocytes and macrophages, are dispersed in the 
normal pleural fluid at a concentration of 1,500–
2,500 cells/mm3 (Miserocchi and Agostoni 1971; 
Noppen et al. 2000). However, the concentration 
and type of cells in pleural fluid does change in 
several mesothelial and pulmonary pathologies, 
offering important prognostic tool to differentiate 
between the various diseases.

4.4 Pleural Fluid Turnover

A direct consequence of the mechanical arrange-
ment of the lung and chest wall and of the exis-
tence of the intrapleural depression is that fluid is 
continuously driven across the mesothelium into 
the pleural space (see Sect. 4.3); this could poten-
tially lead to a progressive accumulation of pleu-
ral fluid and to lung collapse. Therefore, in order 
to maintain the tight mechanical lung–chest wall 
coupling, pleural fluid must be continuously 
removed from the pleural space.

In normal conditions, filtration and corre-
sponding removal of pleural liquid would amount 
to 0.02–0.09 ml/(h kg body weight) (Miniati 
et al. 1988; Negrini et al. 1985). Pleural fluid pro-
duction and its subsequent removal from the 
pleural space occur through different mecha-
nisms involving not only the pleural mesothelial 
lining but also in the other compartments sche-
matized in Fig. 4.1.
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4.4.1 Filtration of Fluid  
into the Pleural Space

Fluid and soluble solutes may cross biological 
barriers, such as the capillary endothelium or the 
mesothelial layer, through either paracellular 
pathways between adjacent cells or through 
vesicular transport (transcytosis) across the cell 
itself.

4.4.1.1 The Paracellular Transport
Paracellular transport is a passive passage of 
water and hydrophilic solutes through the inter-
cellular clefts between adjacent cells. The fluid 
bulk flow (Jv) between any two compartments a 
and b is set by the hydraulic (P) and colloid 
osmotic (π) pressure differences across the mem-
brane as described by Starling’s law:
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where Lp is the hydraulic conductivity of the 
membrane, Am is the surface area, σ the reflection 
coefficient of the membrane to plasma proteins 
and ΔP the net transmembrane pressure gradient.

This equation was derived (Curry and 
Frøkjaer-Jensen 1984) by viewing the transmem-
brane fluid fluxes as viscous laminar flows 
through n parallel intercellular pores of equal 
radius (r) and length (l), where
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Ap and η are the total area of pores and fluid vis-
cosity, respectively, and σ is a pure number 
(0 < σ < 1) which in turn depends on the ratio of 
the radius of a given solute to the radius of the 
intercellular porous and provides an index of the 
capability of the solute to cross the intercellular 
porosity of the membrane. Ions and smallest sol-
utes (σ → 0) freely cross the endothelial clefts and 
equilibrate across both the vascular endothelium 
and the mesothelium, without providing any 
osmotic contribution to fluid flux. Vice versa, 
large molecular weight plasma proteins are 
restricted in their movement across either the 

capillary endothelium (σ ~ 0.8) or mesothelium 
(σ ~ 0.2–0.4) (Negrini et al. 1990, 1991c), gener-
ating a colloid osmotic pressure gradient across 
any two membranes.

A very important parameter appearing in 
Eq. 4.1 is the hydraulic pressure in compart-
ments a and b or, when examining pleural fluid 
exchange, in pleuropulmonary compartments 
described in Fig. 4.1.

Pleural liquid pressure (Pliq) has been exten-
sively measured through fluid-filled cannulae 
and/or micropipettes inserted in various regions 
of the intact pleural space and at various lung 
heights in experimental animals (Miserocchi 
and Agostoni 1980; Miserocchi et al. 1981; 
Miserocchi et al. 1988). In all pleural regions 
(costal, diaphragmatic and mediastinal) and at 
any lung height, Pliq is lower than Ppl—both at 
end-expiration (Fig. 4.3a) and at end-inspiration 
(Fig. 4.3b). This indicates that the mechanism 
providing pleural fluid removal from the pleu-
ral space is capable to decrease the intrapleural 
pressure below the values set by lung recoil. In 
addition, because of the significant pressure vari-
ability encountered within the space, pleural fluid 
continuously flows from the costal to the extra-
costal (diaphragmatic and mediastinal) regions 
and within each region in a gravity-dependent 
fashion (Fig. 4.4b). Extensive measurements 
performed in experimental animals have shown 
that the pressures in the interstitial space below 
the parietal mesothelium (parietal extrapleu-
ral interstitial pressure, Pepl) and the visceral 
mesothelium (pulmonary interstitial pressure, 
Ppi) are also subatmospheric at any lung height 
(Fig. 4.3a). In particular, Ppi is always more sub-
atmospheric than Pliq, approximately −10 cm 
H2O at heart level and FRC and −22 cm H2O at 
end- inspiration (Miserocchi et al. 1990, 1991). 
According to Eq. 4.1, the flow direction across a 
membrane is set by ΔP direction: therefore, from 
the hydraulic (Miserocchi et al. 1984; Negrini 
et al. 1993; Negrini and Miserocchi 1989) and col-
loid osmotic (Negrini et al. 2001) pressure values 
measured in the pleuropulmonary compartments, 
we may calculate ΔP across the mesothelial and 
endothelial membranes (Fig. 4.1). Data indicates 
that fluid filtration into the pleural space depends 
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Fig. 4.3 (a) The hydraulic pressures in the costal region 
of the pleural space (Pliq, Miserocchi et al. 1983) and in 
the parietal extrapleural (Pepl, Negrini et al. 1987) and pul-
monary (Ppi, Miserocchi et al. 1993) interstitial spaces as 
a function of lung height in supine anaesthetised rabbits 
and at end-expiratory lung volume (FRC). The pleural 

surface pressure, an index of region lung recoil, is also 
reported for comparison (dotted line, Agostoni 1986). (b) 
The costal, mediastinal and diaphragmatic Pliq values at 
the end-expiratory (dashes lines) and end-inspiratory 
(continuous lines) lung volumes (Miserocchi et al. 1981)
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Fig. 4.4 (a) The sites of preferential pleural fluid filtra-
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(c) The sites of preferential removal of pleural fluid into 
the costal, mediastinal and diaphragmatic pleural lym-
phatic system
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upon fluid transfer from the systemic capillar-
ies into the parietal extrapleural interstitial space 
and from the latter into the pleural space through 
the parietal mesothelium (Figs. 4.1 and 4.4a). As 
clearly indicated by Eq. 4.1, the absolute pleural 
filtration flow per unit surface area is modulated 
by the Lp of the filtering membranes. In spite of 
what is commonly reported in studies performed 
on oedematous or isolated lungs, or on stripped 
parietal or visceral pleura which suggests that 
both pleural mesothelia are very permeable to 
water and even proteins, the Lp of the normal, 
in situ parietal pleura is relatively low (Negrini 
et al. 1990, 1991c, 1994) and comparable to that 
of the endothelium of the systemic capillaries of 
skeletal muscles (Rippe and Haraldsson 1994; 
Taylor and Parker 1985). The molecular sieve 
and the viscous flow resistance of the passive 
paracellular pathway are likely provided by the 
fibrous interstitial matrix in the intercellular cleft 
and by the endothelial cell glycocalyx (Adamson 
and Michel 1993). The complexity of junctional 
strands accounts for the fact that less than 10 % 
of the cell-to-cell contact area is available for 
microvascular transport and this represents less 
than 0.04 % of the total capillary surface area 
(Michel and Curry 1999). At variance with what 
is observed for the parietal pleura, in normal con-
ditions, the lung parenchyma does not participate 
to the formation of pleural fluid.

4.4.1.2 Transcytosis
Transcytosis is an energy-dependent process con-
sisting of the transport of water and solutes across 
the plasmalemma and cytoplasm through small 
grouped vesicles called caveolae (Bruns and 
Palade 1968). Transcytosis may consist of endo-
cytosis of a small quantity of fluid followed by 
transcellular transport or may require recognition 
of the target macromolecule at the membrane 
surface through a receptor-mediated mechanism. 
In the pulmonary endothelium, transcytosis has 
been described in the transport of albumin, fatty 
acids and hormones (Schnitzer and Oh 1996; 
Schnitzer et al. 1995). The process is completely 
independent upon pressure gradients; therefore, 
transcytosis might, in principle at least, provide 
fluid movements either from the extrapleural 

interstitial space of both the parietal and visceral 
pleura into the pleural space, thus contributing to 
fluid filtration, or in the opposite direction, con-
tributing to pleural fluid removal from the pleural 
space into the adjacent visceral and parietal inter-
stitial space. Data obtained from stripped isolated 
pleura or isolated pericardium (Bodega et al. 
2002) estimates that transcytosis would contrib-
ute to approximately 5 % of the interstitial-to- 
pleural fluid exchange across both mesothelial 
layers (Agostoni and Zocchi 2007).

4.4.2 Removal of Fluid  
from the Pleural Space

While pleural fluid production almost completely 
depends upon passive transmembrane transport 
across the parietal pleura (Sect. 4.1), fluid egress 
from the pleural cavity may take place, in normal 
conditions, through a number of different path-
ways. These include drainage into the pleural 
lymphatic system, passive transmesothelial flow, 
solute-coupled intracellular fluid absorption, 
intracellular transport through aquaporins and 
transcytosis.

4.4.2.1 Pleural Lymphatic Drainage
Liquid and solutes enter the pleural lymphatic 
system through the stomata (Fig. 4.2a) which, as 
previously discussed, are disseminated through-
out the costal, mediastinal and diaphragmatic 
parietal pleura. While the general principles of 
lymph formation and accumulation are common 
to all tissues supplied by the lymphatic system 
(i.e. all body tissues except the cerebral intersti-
tium and renal medulla), however, stomata are 
typical of the pleural and peritoneal parietal 
mesothelia. Entrance of fluid and solutes into the 
stomata occurs along hydraulic pressure gradi-
ents (ΔPlymph-net) between the pleural space and 
the lumen of submesothelial lymphatic lacunae 
when intraluminar lymphatic pressure (Plymph) 
drops below Pliq, as described by the equation
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where Jlymph and Klymph represents pleural lymph 
flow and lymphatic conductance, respectively.

The existence, in initial lymphatics, of a lower 
pressure regime compared to the surrounding 
compartment is the necessary prerequisite for 
lymphatic drainage to take place. In non-thoracic 
tissues, like the mesentery, lymph formation and 
propulsion is sustained by spontaneous cyclic 
contractions of a well-organised layer of smooth 
muscle cells surrounding the lymphatic endothe-
lium (Aukland and Reed 1993). Contractions of 
the walls of adjacent lymphatic segments, in 
association with the synchronised opening/clo-
sure of the unidirectional leaflets in the lym-
phatic vessel wall and in the lumen (Bridenbaugh 
et al. 2003), allow both lymph formation and its 
subsequent propulsion out of the tissue and 
towards the venous system. This circumferential 
support of smooth muscle cells is almost com-
pletely absent in the initial lymphatic vessels 
supplying the intercostal muscles (Moriondo 
et al. 2006) and the diaphragm (Grimaldi et al. 
2006). Therefore, in thoracic tissues and in the 
pleural space, lymph formation and progression 
depends upon cyclic expansion and compression 
of the initial lymphatic vessels which, in turn, is 
dependent on tissue movements during the car-
diac and/or respiratory cycles (Moriondo et al. 
2006; Negrini et al. 2004). A similar mechanism, 
based on extrinsic cardiogenic and respiratory 
tissue displacement, likely supports the pulmo-
nary lymph flow.

The ability of the pleural lymphatics to drain 
fluid was proposed more than a century ago by 
Sir Ernest Starling (Starling and Tubby 1894). 
However, until recently, in spite of numerous 
direct and indirect observations in favour of lym-
phatic function (Allen and Vogt 1937, Bettendorf 
1979; Courtice and Simmonds 1954; Miniati 
et al. 1988, Miserocchi et al. 1982, 1983, 1984; 
Miserocchi and Negrini 1986; Negrini et al. 
1991a; Negrini and Miserocchi 1989), the physi-
ology of lymphatic drainage of the pleural fluid 
remained controversial. In fact, lymphatics were 
considered unable to absorb liquid from a com-
partment set at subatmospheric pressure and 
instead it was thought to actively absorb proteins 
but not smaller solutes and water (Agostoni 1972, 

Agostoni 1986; Staub et al. 1985; Wiener- 
Kronish et al. 1984). The definite proof of the 
ability of pleural lymphatics to generate 
 subatmospheric pressures and to provide an 
important contribution to pleural fluid drainage 
came from a series of studies in which Plymph was 
measured directly in rodent diaphragmatic lym-
phatics (Negrini and Del Fabbro 1999; Negrini 
et al. 2004) and in intercostal lymphatics 
(Moriondo et al. 2006) during spontaneous 
breathing (Fig. 4.5). Results from these experi-
ments have indicated that lymphatic function in 
the thoracic tissues and in the pleural cavity 
depends upon the development of local cyclic tis-
sue stresses associated with the respiratory and 
cardiac activities that cause Plymph to cyclically 
oscillate (Fig. 4.5) from values as low as −20 cm 
H2O to positive pressure (max Plymph +10 cm 
H2O). The three- dimensional architecture of 
matrix macromolecules, their arrangement in the 
intercostal spaces and their mechanical proper-
ties seem to be a determinant in transmitting local 
tissue stress and in turn play a fundamental role 
in sustaining and modulating lymph formation in 
the thoracic tissues and in the pleural space. 
During spontaneous breathing, based on the 
recorded Pliq and Plymph values, the driving pres-
sure gradient (ΔPlymph-net) promoting pleural fluid 
entrance into the pleural lymphatics ranges 
between ≈−0.5 cm H2O at end-expiration 
(Negrini and Del Fabbro 1999; Negrini et al. 
2004) and ≈−24 cm H2O at end-inspiration 
(Moriondo et al. 2006), suggesting that removal 
of pleural fluid occurs throughout the whole 
respiratory cycle. The Plymph waves attributable to 
spontaneous contraction of lymphatic smooth 
muscle cells, commonly observed in dermal or 
mesenteric lymphatics, are extremely rare in 
pleural lymphatics, which behave more like those 
supplying skeletal muscle (Skalak et al. 1984; 
Trzewik et al. 2001) and the myocardium 
(Melhorn et al. 1995), i.e. tissues which undergo 
high tissue stresses. During spontaneous breath-
ing, the entity of tissue stress, and thus the depth 
of the inspiratory phase, seems to be more 
 effective than respiratory frequency in favouring 
pleural lymphatic drainage (Moriondo et al. 
2006). After the fluid has drained from the  pleural 
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space, the progression of the newly formed pleu-
ral lymph towards larger collecting lymphatic 
vessels is facilitated by the existence of primary 
unidirectional flap-like valves (Fig. 4.2e, f) which 
prevent fluid backflow (Grimaldi et al. 2006). 
Interestingly, during mechanical ventilation at 
zero end-expiratory alveolar pressure with mus-
cular paralysis, the ΔPlymph-net integrated over the 
entire respiratory cycle in intercostal lymphatics 
was essentially nullified (Moriondo et al. 2006), 
suggesting that active contraction of inspiratory 
muscles and not simply chest wall expansion is 
required to enhance lymph formation and pro-
gression in thoracic lymphatics. Therefore, 
because of the importance of the lymphatic sys-
tem in controlling fluid homeostasis in the tho-
racic tissues and in particular in the pleural cavity, 
mechanical ventilation “per se” is expected to 
determine thoracic tissues overhydration, pleural 
effusion and, very likely, development of latent 
pulmonary sub-oedematous conditions in lungs 

of patients exposed to positive pressure ventila-
tory regimes.

Direct measurement of pleural lymphatic flow 
with closed chest in humans and even in experi-
mental animals is at present very problematic for 
a series of practical reasons: (a) pleural lymphat-
ics empty principally in the right thoracic duct, 
but a small proportion (~20 %) also utilises the 
thoracic duct, mixing with the lymph from distal 
peripheral and splanchnic tissues. In addition, 
mediastinal lymphatics may have direct access to 
the large veins, so that an accurate evaluation of 
all distinct components would be very difficult to 
attain; (b) direct cannulation of the right thoracic 
duct requires an invasive surgical approach and 
thoracoscopy, which, per se, substantially alters 
lymphatic flow. Therefore, determination of 
pleural lymphatic flow in normal conditions is 
actually based on indirect estimates on various 
mammalian species (Miniati et al. 1988, Negrini 
et al. 1991c, 1985). Data indicate that, in 
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Fig. 4.5 (a) Simultaneous recording of tidal volume (top 
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cycles/min (1 Hz). At variance with spontaneous ventila-
tion, both Plymph and Pint increase during passive lung infla-
tion. In these conditions, ΔPlymph − net and thus lymphatic 
flow are nullified (Modified from Moriondo et al. (2006))

D. Negrini



35

 conditions as close as possible to the physiologi-
cal one, approximately 70–80 % of the total pleu-
ral fluid turnover rate is accounted for by 
mediastinal (30 % of total drainage), diaphrag-
matic (22 %) and costal (25 %) lymphatics 
(Miserocchi et al. 1986). Therefore, as witnessed 
by the complex Pliq distribution within the pleural 
regions (Fig. 4.3), fluid filtered through the pari-
etal pleura (Fig. 4.4a) recirculates to the extra-
pleural compartments (Fig. 4.4b) to leave the 
cavity through regional lymphatic vessels 
(Fig. 4.4c).

4.4.2.2 Passive Transmesothelial  
Fluid Flow

In spite of the low capillary pressure in the vis-
ceral subpleural capillaries (Pc ~ 10 cm H2O) 
(Negrini et al. 1992b) and very negative pressure 
values (Ppi ~ −10 cm H2O) (Miserocchi et al. 
1990, 1991) in the normal pulmonary intersti-
tium, a net pressure gradient is maintained in 
favour of fluid filtration from the pulmonary cap-
illaries into the surrounding interstitial space 
(Figs. 4.1 and 4.4a). The permeability of the pul-
monary endothelium, in particular the alveolar 
endothelium, to water and proteins is extremely 
low (Kelly et al. 1998; Parker 2006), a feature 
that provides an efficient safety factor which lim-
its, for a given trans-endothelial ΔP, fluid trans-
fer into the normal lung parenchyma.

The fluid filtered from pulmonary capillaries 
into the adjacent lung interstitium is promptly 
removed by the pulmonary lymphatics (Hainis 
et al. 1994), which set and maintain the subatmo-
spheric Ppi value (Miserocchi et al. 1990; Negrini 
et al. 1992b). Therefore, in the setting of a con-
tinuous filtration from the capillaries into the 
parenchyma, a pressure gradient is maintained 
across the visceral pleura providing a potential 
route for fluid removal from the pleural space 
into the lung. However, the presence of tight and 
adherent junctions between mesothelial cells 
(Bernaudin et al. 1991; Wang 1974, 1985), the 
tight arrangement of extracellular matrix fibres 
and the thickness of the submesothelial intersti-
tium (Albertine et al. 1982), plus indirect func-
tional evidence (Miniati et al. 1988; Negrini et al. 
1985), all suggest that the permeability to water 

is even lower, under normal conditions, in the 
visceral than in the parietal pleura, so that only a 
small share (about 20 %, Figs. 4.1 and 4.4) of 
total pleural fluid egress may actually take place 
through the visceral mesothelium.

The role of pulmonary capillaries and of lung 
parenchyma in formation/absorption of the pleu-
ral fluid may dramatically change in pathophysi-
ological conditions, as discussed in Sect. 5.1.2.

4.4.2.3 Active Solute-Coupled Pleural 
Fluid Absorption

An active solute-coupled absorption of pleural 
fluid into the visceral and parietal mesothelium 
has been proposed on the basis of results obtained 
in vitro on isolated parietal or visceral pleural 
mesothelium or in vivo, from the rate of disap-
pearance of a large hydrothorax containing Na+ 
transport inhibitors (Agostoni and Zocchi 2007). 
These studies suggested on one hand that Na+ 
and K+ inhibitors increase (by ~10 %) the electri-
cal resistance of the mesothelia and, on the other 
hand, that active solute-coupled fluid absorption 
would account for ~30 % of the total pleural fluid 
absorption. Although very interesting from a 
conceptual standpoint, these conclusions still 
deserve to be adequately confirmed when applied 
to the actual physiological condition. Indeed 
while active ion transports are thought to be 
important for mesothelial cell function, the net 
fluid flux attributed to ion transfer from the pleu-
ral space into the cell and from the latter into the 
submesothelial interstitium remains to be accu-
rately determined, yet mesothelial cell behaviour 
is very sensitive to mechanical stress, a parameter 
which was not controlled for in the in vitro stud-
ies of pleural mesothelia. Finally, the quantitative 
contribution of active solute-coupled fluid trans-
port under physiological condition has not been 
evaluated yet.

4.4.2.4 Intracellular Transport  
Through Aquaporins

In addition to the paracellular route for water 
transfer, exclusive water channels (aquaporins, 
AQP) have been recently described in many cell 
types, including alveolar type I (AQP5) and pul-
monary endothelial (AQP1) cells (Borok and 
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Verkman 2002) and in the parietal pleura of wild- 
type mice (Song et al. 2000). However, in spite of 
their recognised role in osmotically driven water 
transport across both the epithelial and endothe-
lial membranes, aquaporins do not seem to pro-
vide any significant contribution to regulation of 
tissue fluid volume in normal or pathological 
conditions (Borok and Verkman 2002; Song et al. 
2000).

4.4.2.5 Transcytosis
It has been indirectly estimated that transcytosis 
might contribute for close to 10 % of the pleural-
to- interstitial fluid removal in controlled pleural 
effusions (Agostoni and Zocchi 2007), while the 
actual role in normal pleural fluid turnover is yet 
unknown. It is worth noting that the quantitative 
contribution of transcytosis to total transmem-
brane fluid flux is, in general, still highly contro-
versial. In fact unlike fluid flux, transcytosis is 
independent on pressure gradients, and in 
caveolin- depleted knockout mice, transport of 
macromolecules and water was in fact further 
enhanced (Rosengren et al. 2004, Rosengren 
et al. 2006). Hence, one may conclude that, 
although the drainage of pleural fluid cannot be 
attributed to one single mechanism, the most 
important egress route is represented by the pleu-
ral lymphatics which not only maintain pleural 
fluid volume and pressure in normal conditions 
but may also, as described in Sect. 5.2, offset 
pathophysiological pleural fluid loads.

4.5 Pathophysiology of Pleural 
Effusion

The maintenance of normal pleural fluid volume 
depends on the capability of the pleural lym-
phatic system to drain any filtered fluid in excess 
to normal fluid production. In fact, although other 
mechanisms may be involved in the removal of 
pleural fluid, it appears that these mechanisms 
play a secondary role when compared to the lym-
phatic system under normal conditions. In addi-
tion, it is likely that these mechanisms are unable 
to be or do not seem modulated when there are 
increased draining requirements.

4.5.1 Increased Pleural Fluid 
Filtration

A pleural effusion can be expected to develop 
when fluid filtration, either through the parietal or 
visceral pleura, overcomes its absorption.

4.5.1.1 Abnormal Pleural Fluid 
Production Through 
the Parietal Pleura

According to Eq. 4.1, increased fluid filtration 
may occur as a result of a number of factors. 
These include increased ΔP across the parietal 
pleura due to systemic hypertension and eleva-
tion of Pc in systemic pleural capillaries and Pepl 
in extrapleural interstitium. An elevated trans- 
endothelial ΔP can occur when plasma Cpr and 
corresponding π decreases as observed, for 
example, in liver pathologies. However, systemic 
hypertension or hypoproteinaemia may not nec-
essarily be accompanied by a pleural effusion. In 
fact, the low hydraulic permeability of the normal 
parietal pleura efficiently counteracts a potential 
increase in transmesothelial pressure gradient, 
limiting fluid filtration. An increased hydraulic 
permeability (Lp in Eq.4.1) of the parietal pleura 
may also result in the development of an effu-
sion. Significant (up to 100-fold) increases of the 
Lp of the pulmonary endothelium and, very likely, 
of the mesothelial layers may be caused by 
inflammatory conditions of different etiology 
(Taylor and Parker 1985).

4.5.1.2 Abnormal Pleural Fluid 
Production Through 
the Visceral Pleura

Normal conditions within the visceral pleura do 
not result in pleural fluid production, but, if any, 
contribute to its drainage. This has been dis-
cussed in detail in Sect. 4 of this chapter. 
However, the visceral pleural surface might 
become a source of pleural fluid production in 
pathological conditions associated with pulmo-
nary oedema.

The fibrous scaffold of the lung parenchyma is 
provided by large macromolecules such as insol-
uble fibrous collagen, elastin and the “non- 
fibrillar” component hyaluronan (HA), the most 
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abundant glycosaminoglycans (GAG) in the lung 
and proteoglycans (PGs). While inextensible col-
lagen types I and III specifically account for ten-
sile strength and elastin is important for the recoil 
properties of the lung tissue, HA and PGs fill the 
porous mesh of the matrix and contract bonds 
with collagen and elastin, stabilising the architec-
ture of the pulmonary matrix. In the lung tissue, 
the most represented PG families are chondroitin 
sulphate-containing PGs (CS-PG, versican) and 
heparan sulphate-containing PGs (HS-PG, per-
lecan). The high molecular weight versican forms 
aggregates with HA, fibronectin and various col-
lagens in the walls of airways and pulmonary 
vessels (Crouch et al. 1997; Li et al. 2000), stabi-
lises the structure of the tissue fibres and provides 
the typical mechanical stiffness of the pulmonary 
parenchyma. HS-PGs form the basement mem-
branes of the vascular endothelium (Yurchenko 
1990) or the epithelial cells in the alveolar wall 
(Zhao et al. 1999). In the vascular basal mem-
brane, a mesh of HS-PGs and collagen IV is 
thought to fill the clefts between adjacent endo-
thelial cells, thus modulating the viscous resis-
tance to movement of water and solutes across 
the capillary wall (Farquhar 1981). Hence, pul-
monary PGs are important components of the 
matrix, essential in determining the mechanical 
properties of the solid tissue matrix as well as the 
permeability of the pulmonary vascular endothe-
lium to water and solutes.

The development of either hydraulic 
(Miserocchi et al. 1993; Negrini et al. 1996; Passi 
et al. 1998) or lesional oedema (Negrini et al. 
1998, 2006) is characterised by increased fluid 
filtration from pulmonary capillaries into the pul-
monary interstitial space as a result of an 
increased ΔP (Eq. 4.1). However, since pulmo-
nary matrix architecture provides a stiff frame-
work around the pulmonary microvasculature 
(mechanical compliance ~0.05 ml H2O/
mmHg·g−1 dry tissue) (Miserocchi et al. 1993), 
an increased fluid filtration determines a sudden 
Ppi shift from negative to positive values 
(Miserocchi et al. 1993; Negrini et al. 1996). 
Such a response is of great functional impor-
tance: indeed, as demonstrated in Eq. 4.1, a posi-
tive Ppi reduces the pulmonary capillary to 

interstitial ΔP, thus decreasing fluid filtration and 
retarding, or even counteracting, oedema 
 progression. Therefore, provided the pulmonary 
matrix framework remains intact, and at the onset 
of pulmonary oedema, an increased fluid filtra-
tion into the lung parenchyma is limited by the 
mechanical response of the stiff matrix. This lim-
its the increase in extravascular lung water and 
prevents interstitial oedema. In addition, it is 
worth noting that, based on Eq. 4.3, an increased 
Ppi also enhances pulmonary lymph flow, favour-
ing pulmonary interstitial fluid clearance.

However, severe oedema eventually occurs 
when the fibrous matrix loses its normal stiffness 
and therefore becomes more compliant. The 
abrupt change in the mechanical properties of the 
matrix depends upon the progressive fragmenta-
tion of the PG macromolecules and the loss of the 
intermolecular bonds between the PGs and other 
ECM components (Miserocchi et al. 1993; 
Negrini et al. 1996, 1998, 2006). Fragmentation 
of PGs is triggered by the activation of a family 
of matrix metalloproteinases (gelatinase A, 
MMP-2 and gelatinase B, MMP-9) expressed in 
ciliated and endothelial cells, pneumocytes and 
smooth muscle cells (Galis et al. 1994), which 
are able to selectively cleave large pulmonary 
CS-PGs (Passi et al. 1999). These can degrade 
type IV collagen, fibronectin and elastin (Ohnishi 
et al. 1998); Woessner 1991). MMPs are harm-
less to the normal lung due to the presence of 
aspecific antiproteases (e.g. α2 macroglobulin) 
and of specific MMPs tissue inhibitors; however, 
direct activation of MMPs by tissue stress or by 
acute or chronic inflammation may overwhelm 
the antiprotease protection, shifting the dynamic 
equilibrium in favour of PG degradation. MMPs 
may also be triggered by mechanical tissue stress, 
as demonstrated by the increased synthesis and 
activation of MMP-2 expressed by pulmonary 
interstitial fibroblasts after 4 h of low volume 
mechanical ventilation (Negrini et al. 2006). 
Degradation of pulmonary matrix macromole-
cules triggers a cascade of events that involve not 
only the lung interstitial tissue but also the pul-
monary microvasculature and lymphatics.

This cascade includes rupture of CS-PGs and 
increased tissue compliance which leaves the 
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 tissue more expandable; in this scenario, the Pi 
drops from positive to atmospheric values, and, 
as expected, from Eq. 4.1, the protective effect 
against fluid accumulation is greatly nullified. In 
addition, the cleavage of HS-PG molecules 
greatly increases the permeability of the endothe-
lial layer and, at later stages, epithelial barriers to 
fluid and solutes. This greatly enhances fluid fil-
tration movements towards the lung interstitial 
tissue. Finally, the disorganisation of the matrix 
architecture is likely to depress pulmonary lym-
phatic function, whose efficiency in adapting to 
increased fluid accumulation largely depends 
upon the integrity of the filaments anchoring the 
outer lymphatic endothelial surface to the sur-
rounding matrix macromolecules.

The combined effect of these profound 
changes is a complete perturbation of the physi-
ological steady state and progressive evolution 
towards severe lung oedema. The latter may 
interfere with pleural fluid turnover by inducing a 
recruitment of the visceral pleura as a source of 
pleural fluid. In fact, because pulmonary Ppi 
increases in both interstitial and severe pulmo-
nary oedema, in agreement with Eq. 4.1, the pul-
monary tissue to pleural space ΔP nullifies or 
even reverses with respect to the physiological 
condition. Such a reversed pathological process 
would be facilitated by a greatly increased endo-
thelial and mesothelial Lp which would depend 
upon activation of systemic and pulmonary 
MMPs. Interestingly, the effect of MMPs on the 
pleural mesothelia is limited and/or retarded by 
antiproteases specific of the pleural fluid (Bieth 
1985). In addition, since both the parietal and the 
visceral pleural surfaces are involved in fluid pro-
duction at this stage of oedema, filtration flux 
into the pleural cavity would occur through a 
larger surface area, potentially increasing Am 
(Eq. 4.1) by ~ twofold.

In spite of the potential contribution of the vis-
ceral mesothelium to pleural fluid production in 
oedematous lung disease, severe oedema is only 
rarely associated with clinically relevant pleural 
effusion. This finding may be explained in part, 
on one hand, by the fact that even in lung disease, 
the visceral mesothelium is not as permeable to 
water as previously commonly assumed and, on 

the other hand, by the great capability of the pleu-
ral lymphatic system to modulate its own 
 drainage to cope with the draining requirements 
of the tissue.

4.5.2 Pleural Lymph Flow 
Modulation and Lymphatic 
Saturation

The lymphatic system can be greatly modulated 
up to 20 times its physiological value (Taylor and 
Parker 1985) when interstitial (or pleural) fluid 
volume and pressure increases.

The modulatory behaviour of pleural lym-
phatics may be explained mathematically by the 
equation:
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where J lmax
 is maximal pleural lymph flow (Mise-

rocchi and Negrini 1997). When this equation is 
applied to the pleural space, it states that, for a 
given Plymph in pleural lymphatics, pleural lymph 
flow (Jl) depends entirely upon Pliq. Thereby, Jl 
will progressively increase with increasing Pliq 
when filtration of fluid into the pleural space 
increases in conditions that would favour the 
development of a pleural effusion. The capability 
of pleural lymphatics to adapt their drainage to 
pleural fluid volume is however limited and 
indeed saturates when Jl = J lmax

. In cases where 
fluid filtration overwhelms J lmax

, a pleural effu-
sion will develop despite the presence of a per-
fectly functioning lymphatic removal system. 
Therefore, the pleural lymphatic function is 
designed to maintain pleural fluid volume in con-
ditions close to the normal physiological state, 
whereas they are inefficient in counteracting 
large volume shifts. The same process occurs in 
the lung, which is primarily drained by the pul-
monary lymphatics (Schraufnagel et al. 2005) 
and which may progress towards interstitial and/
or alveolar oedema, depending on the severity of 
the pathology, above the threshold of pulmonary 
lymphatic saturation. Such condition may occur 
as a consequence of increased filtration from the 
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vascular compartment (see Eq. 4.1), but may also 
develop during mechanical ventilation. In fact, 
even at low tidal volumes, mechanical ventilation 
has been shown to impair both pulmonary 
(Schraufnagel et al. 2005) and intercostal 
(Moriondo et al. 2006) lymphatics. Lymphatic 
flow adjustment might depend, at least partially, 
upon the release of inflammatory mediators and 
nitric oxide (NO) which are known to increase 
local lymph flow by strengthening the contrac-
tion force and pumping frequency of the smooth 
muscle cells in larger lymphatic conduits 
(Gasheva et al. 2006).

4.5.3 Pleuroperitoneal Fluid 
and Solutes Exchanges 
Through the Diaphragmatic 
Lymphatic Network

The unique structure of the lymphatic system 
within the diaphragm and the common clinical 
observation that pleural effusions may develop in 
ascitic patients may support the existence of a 
functionally relevant transfer of fluid and solutes 
from the peritoneal to the pleural cavity. This 
may occur directly through the diaphragmatic 
lymphatic network (Lai Fook et al. 2005). In fact, 
since peritoneal fluid pressure Pabd in the sub- 
diaphragmatic region is only slightly negative or 
even positive during inspiratory diaphragmatic 
contraction, a ΔP exists, even in physiological 
conditions (Fig. 4.6). This may potentially drive 
fluid across the diaphragm. However, experi-
ments performed in spontaneously breathing rats 
where small aliquots of fluorescent dextrans were 
injected in the peritoneal cavity (Moriondo et al. 
2007) showed that, in spite of a favourable trans- 
diaphragmatic ΔP, the great majority of the 
tracer was absorbed from the peritoneal cavity 
into the deeper diaphragmatic collecting lym-
phatics without moving into the opposite dia-
phragmatic pleural side. In fact, at 30 min after 
peritoneal injection of dextrans, the majority of 
the tracer was still localised in the transverse 
lymphatic ducts proximal to the site of injection 
while less than 0.5 % of dextrans stained the 
pleural submesothelial lacunae. The majority of 

the tracer remained in the lymphatic transverse 
ducts (84 %) on the peritoneal side or  accumulated 
towards the larger lymphatic located deeper in 
the diaphragm. This suggests that, in normal con-
ditions, fluid is removed from the peritoneal cav-
ity, not on the basis of the peritoneal-to- pleural 
ΔP but rather down ΔP which appears to develop 
between the pleural and peritoneal spaces and the 
lumen of the diaphragmatic lymphatics during 
the respiratory cycle. Indeed, as mentioned in 
Sect. 4.2.1, the diaphragmatic Plymph is much 
lower when compared to Pliq and Pabd: this 
explains the confluence of the tracer, irrespective 
to the injection site, towards the deeper collecting 
duct. Based on the distribution of the tracer in the 
diaphragmatic network, the lymphatic drainage 
appears more efficient on the pleural rather than 
on the peritoneal side, a difference that might be 
necessary to the maintenance of a “dry” pleural 
cavity, at least in the physiological steady state.

Therefore, in normal conditions, diaphrag-
matic lymphatics create a diffuse network to opti-
mise the lymphatic drainage of the pleural and 
peritoneal cavities while maintaining their func-
tional separation. In normal conditions, the tracer 
distributes preferentially to lymph vessels located 
in the muscular diaphragmatic portion, suggest-
ing that active muscle contraction, rather than 
passive tendon stretch, is more efficient in 
enhancing local diaphragmatic lymph flow. This 
observation may have important clinical rele-
vance; progressive fluid accumulation into the 
peritoneal and, more importantly, the pleural 
space might be expected in mechanically venti-
lated patients whose active diaphragmatic con-
traction is abolished or impaired.

A more diffuse invasion of the whole dia-
phragmatic lymphatic network, in particular of 
the medial tendinous region, was observed in 
experimentally induced peritoneal ascites or 
pleural effusion (Moriondo et al. 2007), i.e. con-
ditions that increase the peritoneal-to-pleural ΔP 
or generate a transient pleural-to-peritoneal ΔP, 
respectively (Fig. 4.6). However, even in these 
cases, only less than 1 % of the injected tracer in 
either the peritoneal or the pleural space was 
recovered in the contralateral diaphragmatic side 
(Table 4.1). The drainage increased through 
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greater recruitment of the tendinous lymphatics, 
which is likely to ensure a greater volume capac-
ity and a faster removal into the deeper collecting 
ducts. This recruitment strategy suggests that the 
diaphragmatic lymphatic system is specifically 
designed as an extrinsic mechanism to efficiently 
exploit the local changes in tissue stress and 
thereby support lymph formation and propulsion 
both under normal and pathophysiological 
circumstances.

Hence, provided the diaphragmatic struc-
ture is maintained, the passage of fluid and 
solute across the diaphragm is prevented by 
the ΔP favouring liquid movement towards the 

deeper collecting lymphatics and by the pri-
mary and intraluminar lymphatic valves which 
drive fluid centripetally towards the deeper 
collecting ducts. However, one cannot exclude 
that, in compromised pathological conditions, 
the diaphragmatic lymphatics might lose their 
functional properties, allowing fluid and sol-
ute to cross the diaphragm. Such a condition 
might occur when the diaphragm, and thus its 
lymphatic network, is overstretched, as in 
cases of excessive fluid accumulation in the 
abdomen, and/or in obese patients or when it 
is impaired, like during passive mechanical 
ventilation.
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Fig. 4.6 The average sub-diaphragmatic abdominal pres-
sure (Pabd, triangles) and Ppl (circles) and  trans-diaphragmatic 
(ΔP, squares, calculated as ΔP = Pliq − Pabd) pressure in con-
trol pre-injection baseline (t < 0) and after dextrans injection 
into the peritoneal (panel a) or pleural (panel b) spaces. The 
injection was performed at time = 0. A negative ΔP would 
sustain potential fluid flow from the peritoneal to the pleu-
ral space. In experimental ascites, the peritoneal-to-pleural 

ΔP further increases with respect to the pre-injection base-
line value and remains stable for up to 180 min after intra-
peritoneal injection. Vice versa, pleural effusion reversed 
the pre-injection ΔP value causing the development of a 
transient pleural-to-peritoneal ΔP that was completely nul-
lified at 30 min from injection (panel b) (Modified from 
Moriondo et al. 2007). * significantly different (p < 0.05) 
from pre-injection baseline values

Table 4.1 Distribution of fluorescent dextrans in the pleural or peritoneal submesothelial lymphatic lacunae of the 
diaphragm after induction of acute experimental ascitis or pleural effusion, respectively

Pleural submesothelial lacunae Peritoneal submesothelial lacunae

30 min 180 min 30 min 180 min
Ascites 1.2 % 0.06 %
Pleural effusion 2.3 % 1.9 %

From Moriondo et al. (2007)
Data are expressed as percentage of total dextrans observed in the diaphragmatic lymphatic network at either 30 or 
180 min from dextrans injection in either the peritoneal (in case of experimental ascites) or pleural (in case of experi-
mental pleural effusion) cavity
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Conclusions

The pleural space represents an interesting 
interstitial tissue compartment which, in phys-
iological conditions, is particularly well pro-
tected from perturbations that might disturb 
the steady-state turnover rate. In fact, an 
increase in intrapleural fluid volume would 
progressively pull apart the lung from the 
chest wall, interfering with normal lung 
expansion and in turn leading to respiratory 
inefficiency. The factors contributing to the 
maintenance of normal pleural fluid volume 
are (a) a low permeability to water and solutes 
of the pleural mesothelial and submesothelial 
interstitial spaces; (b) an efficient removal of 
fluid and large molecular weight solutes 
through the specifically developed and adjust-
able pleural lymphatic network; and (c) the 
structure and function of the diaphragmatic 
lymphatics that, while providing efficient 
drainage of both pleural and peritoneal cavi-
ties, guarantee their complete functional sepa-
ration. The adaptation of the pleural lymphatic 
system in the setting of increased tissue fluid 
volume suggests that perturbations to pleural 
fluid volume due to an increased pleural fluid 
filtration may be satisfactorily controlled by 
lymphatic removal. Inefficiency of the lym-
phatic pump due to impairment of intercostal 
or diaphragmatic muscular contraction, valve 
incontinence or the saturation of lymphatics 
may lead to an uncontrolled increase of pleu-
ral fluid volume and, ultimately, the develop-
ment of a clinically severe pleural effusion.
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5.1           Introduction 

 The method for thoracoscopy described since 
Jacobaeus performed his fi rst routine medical thora-
coscopies depends upon being able to access the 
pleural space, which if absent relies upon the induc-
tion of a pneumothorax (Marchetti et al.  2011 ). 
Inducing a pneumothorax was frequently performed 
immediately prior to the procedure or more classi-
cally on the preceding day. This was followed by a 
chest radiograph to confi rm the presence of a free 
pleural cavity thus allowing safe access and subse-
quent optimal inspection. Although induction of a 
pneumothorax is a safe procedure, it does require 
further intervention of the pleural space and there-
fore, theoretically at least, increase the risk of com-
plications – especially iatrogenic pleural infection. 
Further, it requires the patient to be admitted for an 
additional day at an associated increase in cost. 

 One of the primary reasons for the failure of 
thoracoscopy is the inability to obtain safe access 
to the pleural cavity. This may be due to minimal 
pleural fl uid, pleural adhesions, multiple septa-
tions or an absent pleural space (e.g. when previ-
ous pleurodesis has been performed). 

 In the past, it was felt that ultrasound did not 
have a signifi cant role in pulmonology. This was 
partly because ultrasound is not useful for 
 visualising normal aerated lung, due to its failure to 
penetrate air. However, over time, it became appar-
ent that ultrasound could contribute to the assess-
ment, diagnosis and management of thoracic 
disease (Medford and Entwisle  2010 ). This included 
chest wall disease, pleura, pleural effusions, empy-
emas and peripheral parenchymal lung disease. 

 The seminal paper by Diacon et al. emphasised 
the important role of thoracic ultrasound in select-
ing the safest position for thoracocentesis in patients 
with radiographic evidence of a pleural effusion 
(Diacon    et al.  2003b ). The recognition of the limita-
tions of clinical examination in identifying the loca-
tion for thoracocentesis was clearly demonstrated 
and has led to the widespread use of ultrasound in 
the management of pleural diseases. However, tho-
racic ultrasound can also provide additional diag-
nostic information including fl uid and pleural space 
characteristics, pleural thickening and diaphrag-
matic disease and underlying lung abnormalities. 
Such features are useful in the diagnostic pathway 
and interpretation of the pleural space, but are not 
adequately sensitive to preclude further diagnostic 
investigations (Qureshi et al.  2009 ). 

 In thoracoscopy, the assessment of the pleural 
space using thoracic ultrasound may not only 
allow the thoracoscopist to identify a safe port of 
entry but may also allow them to recognise poten-
tial procedural diffi culties and therefore consider 
alternative diagnostic strategies (e.g. CT-guided 
biopsies). Therefore, both procedures complement 
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one another, and thoracoscopists should be able to 
perform, or at least have real-time access to, tho-
racic ultrasound.  

5.2    Description of Ultrasound 
Procedure 

 Ultrasound, as used pre-thoracoscopy, does not 
differ from the procedure performed in the assess-
ment of pleural disease. Therefore, the same 
 technique and training requirements are neces-
sary. A detailed description of thoracic ultrasound 
is beyond the scope of this chapter but has been 
covered in depth elsewhere (Koegelenberg et al. 
 2012 ). However, some important principles are 
highlighted below. 

5.2.1    Equipment 

 The primary transducer for performing thoracic 
ultrasound in thoracoscopy is a curvilinear probe 
with a frequency range of 2–5 MHz (Fig.  5.1 ) 
(Light and Lee  2008 ; McLoud and Flower  1991 ). 
The lower frequency allows a balance between 
accurate assessment of both proximal and deep 
structures, but higher frequency probes (7.5 MHz) 
may be used to assess the superfi cial soft tissues 
and pleural surfaces (Evans and Gleeson  2004 ). 
For use during the sterile phases of the procedure, 
for example, at the time of thoracoscopy or in the 
setting of a small pleural collection (e.g. minitho-
racoscopy), additional equipment including a 
sterile probe sheath and sterile gel is required 
(Fig.  5.2 ).

a b

  Fig. 5.1    Panel ( a ) curvilinear ultrasound probe with a frequency range of 2–5 MHz. Panel ( b ) thoracic ultrasound 
performed pre-thoracoscopy with the patient in the lateral decubitus position       

  Fig. 5.2    Sterile sheath for ultrasound probe       
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5.3         Procedure at Thoracoscopy 

 Positioning of the patient differs from that pre-
ferred in the usual thoracic ultrasound assess-
ment where patients are sat upright with their 
arms outstretched anteriorly. In thoracoscopy, the 
patient must be in the planned position for the 
port entry. Usually, this is the lateral decubitus 
position since this is the preferred position for 
medical thoracoscopy (and other pleural proce-
dures under direct ultrasound guidance). Once 
the patient is correctly positioned, the transducer 
is held like a pen between the thumb and fi rst fi n-
gers, with the medial aspect of the palm resting 
against the chest wall to enable the sonographer 
to remain steady and have a tactile awareness of 
their position whilst adjusting the images on the 
ultrasound machine to optimise their quality. The 
probe position should be orientated with the 
marker pointing towards the patients head, as is 
standard in sonography. 

 To ensure accurate orientation, a systematic 
approach is necessary where solid organs below 
the diaphragm should be identifi ed fi rst. Having 
identifi ed the kidney, the probe is moved cranially 
to visualise the liver or spleen. Next, the 
 costophrenic angle should be identifi ed. The dia-
phragm should be examined by asking the patient 
to take deep breaths or sniff to ascertain the pres-
ence of paradoxical movement or any unexpected 
signifi cant lung/organ excursions. Following this, 
the presence of pleural fl uid is assessed. The ultra-
sonographic features of the space should be 
recorded, including the dimensions and character-
istics of the pleural fl uid. The position for trocar 
placement is then identifi ed, and that location is 
further interrogated by tilting the transducer cau-
dally and cranially to ascertain a  three-dimensional 
representation of the area. This helps to ensure 
the absence of tethered viscera, septations, 
 signifi cant lung excursion on inspiration and inter-
position of subdiaphragmatic organs. Further-
more, this entry position should preferably still 
remain within the classical safe triangle (Laws 
et al.  2003 ). The site should be marked and the 
patient must maintain their position. If any 
adjustment is made, the site should be reassessed. 
By performing thoracic ultrasound using sterile 
conditions at the start of the procedure, the time 

between confi rming position and port entry is 
minimised and in our opinion is the safest 
method.  

5.4    Ultrasound Features 

5.4.1    General Appearance 

 In thoracic ultrasound of the normal thorax, 
sound waves do not penetrate the lung due to 
the interface between the soft tissue and lung 
(predominantly air) having a poor acoustic 
impedance match leading to most of the sound 
waves being refl ected back to the transducer. 
However, information can be obtained by con-
fi rming the presence of a pleural stripe which 
represents the acoustic refl ection from the solid 
parietal and visceral pleura. At the costophrenic 
angle, the subdiaphragmatic organ will be 
obscured by the lung during respiration, whilst 
the diaphragm will not be fully visualised due 
to obscuring by the normal lung (Fig.  5.3 ). The 
normal movement of the lung is inferred by 
the presence of the sliding lung sign, which 
actually represents the movement between the 
parietal and visceral pleural surfaces. The 
absence of this sign may indicate pleurodesis or 
a pneumothorax, the two being distinguished 
by the presence or absence of comet tails (distal 
reverberation echoes), respectively. If previous 
pleurodesis has been performed, absence of the 
lung sliding sign would suggest that the lung 
may not fully defl ate upon trocar insertion. In 
such cases, an alternate diagnostic approach 
may be considered.

5.4.2       Pathological Changes 

 Collections within the pleural cavity can be 
observed by the presence of echogenic regions bor-
dered by the parietal pleura, diaphragm and under-
lying lung (Fig.  5.3 ). However, the ultrasonographic 
images are highly variable and therefore experi-
ence is required to interpret complex pleural spaces 
(Figs.  5.4 ,  5.5 , and  5.6 ). Finally, the intercostal 
arteries have been shown to be variable in their 
position in relation to the superior rib, especially in 
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  Fig. 5.3    Appearances of normal pleural cavity without fl uid. The lung progressively obscures the liver during the 
respiratory cycle       

  Fig. 5.4    A complex 
multiloculated pleural space 
secondary to malignancy       
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the paravertebral region of the posterior ribs and in 
more elderly patients with ectatic vessels (Dewhurst 
et al.  2012 ; Yoneyama et al.  2010 ). Even within the 
safe triangle, Doppler signals may be utilised to 
identify aberrant vasculature underlying the area of 
port of entry.

     Identifying abnormalities during assessment 
with thoracic ultrasound may lead the clinician to 
identify alternative diagnostic strategies. Quereshi 
et al. noted features of malignant and benign  pleural 

effusions, showing a sensitivity of 79 % and speci-
fi city of 100 % (Qureshi et al.  2009 ). Features sup-
porting malignant disease included parietal pleural 
thickening >1 cm, parietal pleural nodularity, vis-
ceral pleural thickening/nodularity and nodular or 
thickened diaphragms. Skilled assessment with the 
thoracic ultrasound may lead to alternative diag-
nostic pathways that are less invasive. Further, the 
poor ability to predict adhesions or septations and 
predict the complexity of the pleural space by CT 

a b

  Fig. 5.5    A malignant pleural effusion secondary to 
oesophageal cancer (panel  a ). The space is highly echo-
genic and this is accentuated with patient movement 

(panel  b ). In addition, an indwelling pleural catheter can 
be seen crossing the space in panel ( a )       

  Fig. 5.6    A malignant pleural 
space secondary to lung 
cancer. There is evidence of 
swirling within the fl uid. In 
addition, the underlying lung 
is atelectatic       

 

 

5 Ultrasound for Medical Thoracoscopy



50

scanning makes this a useful modality (Kearney 
et al.  2000 ). 

 Probably the most important role of thoracic 
ultrasound in medical thoracoscopy is to ensure 
successful entry into the pleural space (Hersh 
et al.  2003 ). Studies have demonstrated the role 
of ultrasound in identifying adhesions which 
could limit access to the pleural cavity and pos-
sibly result in procedural-related complica-
tions. Ultrasound has been shown to be superior 
to CT scanning in identifying pleural adhe-
sions. Medford et al. demonstrated that ultra-
sound pre- thoracoscopy allowed for the 
identifi cation of adhesions in all cases com-
pared to a rate of detection of only 12.5 % by 
CT scanning in the non- ultrasound group 
(Medford et al.  2010 ). Further, in their study, 
there was no failure to access the pleural space 
in the ultrasound group compared to a failure 
rate of 16.7 % in the non-ultrasound group. 
Additional important features were revealed by 
ultrasound in 43 % of cases. Other authors have 
reported similar results. Cassanelli et al. in a 
surgical series reported that thoracic ultrasound 
had a sensitivity of 80.6 % (95 % confi dence 
interval, 0.740–0.872) and specifi city of 96.1 % 
(95 % confi dence interval, 0.949–0.973) for the 
detection of adhesions – confi rmed at VATS 
(Cassanelli et al.  2012 ). Wei et al. also demon-
strated a sensitivity of 88 % and specifi city of 
82.6 % for the detection of adhesions and 
showed there to be good agreement between 
ultrasonographers (Wei et al.  2012 ).  

5.4.3    Practical Considerations 

 Practical concerns over pre-thoracoscopy ultra-
sound may be the perceived lengthening of pro-
cedure time as a result of performing a scan. 
Macha et al. reported on a case series of 687 
patients with pleural disease and found that ultra-
sound used prior to thoracoscopy saved the usual 
20–30 min of time needed to induce a pneumo-
thorax (Macha et al.  1993 ). This is supported by 
a further study suggesting that thoracic ultra-
sound adds only minutes to the length of the pro-
cedure (Hersh et al.  2003 ).  

5.4.4    Additional Roles 
of Ultrasound 

 In the patients undergoing a diagnostic thoracos-
copy, post procedure ultrasound may have a role 
in ensuring complete evacuation of air from the 
pleural cavity. This has a number of advantages 
over chest radiograph, i.e. portable, bedside with 
no radiation risks, thus facilitating “on-the-table” 
removal of the chest drain. This may allow fur-
ther cost saving but has not been formally 
evaluated. 

 In the setting of therapeutic thoracoscopy, 
where the chest drain remains in situ for a num-
ber of days, thoracic ultrasound can allow ongo-
ing evaluation of the pleural cavity to assess the 
effi cacy of pleurodesis as characterised by the 
absence of the lung sliding sign (Leo et al.  2005 ). 
It may also have an important role in the detec-
tion of early post thoracoscopy complications 
such as residual pleural fl uid, failure of pleurode-
sis, empyema, air leak, pneumothorax or trapped 
lung. 

 Future utilisation of ultrasound during thora-
coscopy may include intra-procedural ultrasound 
for the localisation and/or biopsy/fi ne needle 
aspiration (FNA) of peripheral nodules and medi-
astinal lymph nodes assessment (Matsumoto 
et al.  2004 ; Hida et al.  1996 ; Friedel et al.  1998 ). 
The role for use during minithoracoscopy where 
small volume pleural spaces are accessed is clear 
(Tassi et al.  2011 ).  

5.4.5    Cost Benefi t 

 The routine use of thoracic ultrasound pre- 
thoracoscopy will initially add additional expense 
to an interventional pulmonology programme. 
For example, in a paper by Hersh et al., such an 
approach was shown to be unlikely cost-effective 
if the machine was used just at the time of thora-
coscopy itself (Hersh et al.  2003 ). Within the 
United Kingdom, this cost has been estimated to 
be between £13,500 and £22,000 lb sterling 
(Medford  2010 ). However, as the authors stated 
in their discussion, it is likely that the use of the 
ultrasound machine will quickly expand to 
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 routine clinical practice such as pleural space 
assessment, thoracocentesis, drain insertion as 
well as non-thoracic indications such as neck and 
vascular interrogation. 

 Later studies have assessed the cost- 
effectiveness of using thoracic ultrasound in 
pleural disease, including Patel et al. who 
reported on the cost-effectiveness of ultrasound 
prior to thoracocentesis (Patel et al.  2012 ). The 
reduction in cost seen could in part be accounted 
for by a reduction in complications including 
haemorrhage and pneumothorax. In the setting of 
thoracoscopy, it is estimated that the cost saving 
will be obtained by reducing hospital stay, as 
may be required for induction of pneumothorax, 
and by reducing failure to access the pleural cav-
ity thus reducing the requirement for further pro-
cedures – CT-guided biopsy or VATS.  

5.4.6    Training 

 A survey of programme directors in the United 
States of America was undertaken in 2010 (Eisen 
et al.  2010 ). Although the majority of pro-
grammes offered sonographic training in vascu-
lar access, only three out of four programmes 
trained fellows in pleural and/or lung ultrasound. 
A number of barriers were identifi ed, particularly 
the lack of faculty with adequate experience. As 
training has expanded to incorporate thoracic 
ultrasound, it seems likely that the new genera-
tion of pulmonologists will be skilled in this 
imaging technique.    In the United Kingdom, the 
Royal College of Radiologists (RCR) guidelines 
were published in 2005 and updated in 2012 that 
set out the minimal requirements for trainees to 
be competent in basic thoracic ultrasound for the 
identifi cation of normal and abnormal anatomy 
and guidance of pleural procedures (   The Royal 
College of Radiologists  2012 ). If using thoracic 
ultrasound pre-thoracoscopy, we believe that 
competency through formal training as set out in 
the RCR document or equivalent is essential. 
In addition, it is essential to gain specifi c 
experience in thoracic ultrasound pre-thoracoscopy. 
Although the technique is identical to that used 
in the non-thoracoscopy patient, a number of 

 important points need to be highlighted. As men-
tioned previously, most ultrasound imaging and 
basic sampling of the pleural cavity is performed 
in the sitting position. Therefore, it is recom-
mended that the pulmonologist becomes familiar 
with the postural effects of patients in the lateral 
decubitus position. It should be emphasised that 
although the guidelines state a minimum number 
of procedures to be observed and performed, it is 
our opinion that a period of mentoring is best – 
for instance, an attachment with a chest radiolo-
gist or a pulmonologist with accredited experience 
in thoracic ultrasound.   

   Conclusion 

 Thoracic ultrasound is an easy-to-learn skill 
for pulmonologists that has now become an 
essential tool in pleural pathology and more 
recently premedical thoracoscopy. There is 
evidence to support its use in improving the 
decision-making process. The ultrasound 
assessment may suggest an alternative diag-
nostic strategy. In patients who undergo thora-
coscopy, it improves pleural access, limits 
complications, reduces the length of patient 
hospital stay and has healthcare cost benefi ts. 
Guidelines now exist to ensure competency in 
the technique.     
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6.1           Introduction 

 Medical thoracoscopy is often performed by 
respiratory physicians in the setting of undiag-
nosed pleural effusion or malignant pleural dis-
ease. Traditionally, thoracoscopy was performed 
during several procedures to avoid the use of gen-
eral anaesthesia. It later was done under general 
anaesthesia using separate lung ventilation. 
However, it has been shown that thoracoscopy 
can be safely done in a spontaneously breathing 
subject under conscious sedation and analgesia. 
Generally speaking, medical thoracoscopy, 
mostly done for diagnostic purposes, can be per-
formed under local anaesthesia in the endoscopy 
suite. In contrast, video-assisted thoracoscopic 
surgery (VATS) which is commonly done for 
therapeutic purposes is often performed in the 
operating room, requiring general anaesthesia 
with one-lung ventilation (Buchanan and Neville 
 2004 ; Horswell  1993 ). We will review here the 
different anaesthetic techniques used for thora-
coscopy and VATS, as well as the adequate pre-
operative and postoperative patient management 
for this procedure. A review of the physiology 
pertaining to thoracoscopy is also discussed in 
order to guide the appropriate choice of anaesthe-
sia in patients undergoing this procedure.  

6.2    Physiology of Thoracoscopy 
and the Lateral Decubitus 
Position 

 Understanding the physiological repercussions 
of thoracoscopy is of key importance in making a 
rational decision regarding anaesthesia (Horswell 
 1993 ). It has been demonstrated that in spontane-
ously breathing patients undergoing thoracos-
copy under local anaesthesia, although the lung is 
partially defl ated during the procedure, patients 
show surprisingly little change in their arterial 
oxygen (PaO 2 ) and carbon dioxide (PaCO 2 ) ten-
sions, as well as cardiac rhythm (Faurschou et al. 
 1983 ; Oldenburg and Newhouse  1979 ). This can 
be mainly explained by the physiological changes 
occurring in the lateral decubitus position (LDP). 
In an awake subject with a closed chest lying in 
the LDP, gravity will cause a vertical gradient in 
blood fl ow, preferentially to the dependent lung, 
as well as higher pleural pressures and an 
increased curvature of the dependent hemidia-
phragm. This will result in the lower, dependent 
lung being better ventilated and receiving better 
perfusion than the upper, nondependent lung. 

 When the nondependent hemithorax is opened 
during thoracoscopy, the negative pleural pres-
sure causes air to enter the pleural cavity, creating 
a pneumothorax. The open-chest lung, exposed 
to atmospheric pressure, tends to collapse 
because of unopposed elastic recoil. During 
spontaneous ventilation, this collapse is accentu-
ated during inspiration, because of increased 
negative pleural pressure, and decreased during 
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expiration. This reversal of lung movement dur-
ing respiration has been termed  paradoxical res-
piration  (Horswell  1993 ). The dependent, 
closed-chest, lung pleural pressure is also nega-
tive during inspiration, creating an imbalance 
between the two sides of the mediastinum which 
shifts toward the dependent lung during inspira-
tion. The tidal volume of the closed-chest lung is 
thus reduced by this amount of mediastinal shift. 
This mediastinal shift can also decrease venous 
return to the right heart, creating a clinical picture 
similar to shock, with a concomitant activation of 
the sympathetic system. However, as mentioned 
above, these changes have surprisingly little 
effect on the physiological and clinical parame-
ters measured during the procedure, partly owing 
to the fact that the dependent lower lung is better 
perfused and ventilated and therefore compen-
sates for its open-chest counterpart. 

 In a patient with an open chest who is anaes-
thetised and paralysed, positive pressure ventila-
tion can rectify the problems of mediastinal shift 
and paradoxical respiration which are described 
above. However, in this situation, ventilation in 
the nondependent, open-chest lung is increased 
when compared to an awake and spontaneously 
breathing subject whereas perfusion remains the 
same, being governed mainly by gravity. Also, 
pneumothorax does not develop during positive 
pressure ventilation in a patient with an open 
chest and single-lung ventilation techniques may 
be required for adequate visualisation of the 
pleural cavity, although this has been challenged 
by some authors (Cerfolio et al.  2004 ).  

6.3    Preoperative Assessment 

 A detailed medical and drug history as well as 
physical examination are essential before the 
procedure. Imaging, such as chest radiographs 
(posteroanterior, lateral and decubitus views), 
pleural ultrasonography or chest computed 
tomography (CT), is essential in choosing the 
appropriate insertion sites for the instruments. 
Additional preoperative evaluation for the 
patient undergoing thoracoscopy includes pul-
monary function testing, electrocardiogram 

(ECG), blood gas analysis and routine blood 
chemistry analysis, including coagulation stud-
ies, complete blood count and studies of renal 
and liver function (Buchanan and Neville  2004 ; 
Horswell  1993 ; Rodriguez-Panadero et al.  2006 ; 
Lee et al.  2007 ; Mathur et al.  1995 ). Most experts 
recommend preoperative evaluation for patients 
undergoing general anaesthesia by an anaesthe-
siologist. The choice of general anaesthesia or 
conscious sedation will depend on the patient’s 
preoperative status as well as indication and 
planned procedure. General indications for the 
choice of anaesthesia for thoracoscopy are listed 
in Table  6.1 .

   The only absolute contraindication to perform 
thoracoscopy under local anaesthesia is lack of a 
pleural space due to pleural adhesions. Severe 
hypoxemia, end-stage pulmonary fi brosis and 
unstable cardiovascular status are relative contra-
indications that border on the absolute. In patients 
with advanced pulmonary fi brosis, the loss of 
elasticity of lung tissue may make lung re- 
expansion diffi cult and lead to prolong air leak-
age after surgery. Other relative contraindications 
to medical thoracoscopy are listed in Table  6.2 . 
For patients with bleeding diathesis or taking 
anticoagulant medication, the international nor-
malised ratio (INR) should be <2.0. As a general 
rule, patients undergoing medical thoracoscopy 
under local anaesthesia should be able to lie 
immobile in the decubitus position for at least 1 h 
(Buchanan and Neville  2004 ; Lee et al.  2007 ; 
Mathur et al.  1995 ). In some circumstances, it 

    Table 6.1    Preferred anaesthesia as used in different set-
tings for thoracoscopy   

 Preferred anaesthesia  Indication for thoracoscopy 

 Local anaesthesia  Undiagnosed pleural effusion 
 Pleural biopsy 

 Local or general 
anaesthesia 

 Spontaneous pneumothorax 
 Empyema (early stage) 
 Bullectomy 
 Chemical pleurodesis 
 Pulmonary biopsy (forceps) 

 General anaesthesia  Sympatholysis 
 Chronic empyema 
 Pulmonary biopsy (stapler) 

  Modifi ed from Rodriguez-Panadero et al.  2006   
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may be preferable to perform thoracoscopy under 
general anaesthesia or to wait for the patient’s 
status to improve before attempting the 
procedure.

6.4       Preoperative Preparation 

 The patient’s respiratory and cardiovascular sta-
tus should be optimised before the procedure. 
This may include chest physiotherapy, broncho-
dilators, antibiotics and corticosteroids for 
patients with chronic obstructive pulmonary dis-
ease. Current medications are usually continued 
except for anticoagulant medications. The role of 
preoperative medication has not been studied 
prospectively in randomised trials. Some authors 
administer atropine 0.4–0.8 mg prior to the pro-
cedure to prevent vasovagal reactions (Rodriguez- 
Panadero et al.  2006 ; Mathur et al.  1995 ; Gravino 
et al.  2005 ; Smit et al.  1998 ). Benzodiazepines, 
such as midazolam or lorazepam, are commonly 
used to produce anxiolysis and sedation before 
the procedure is started.  

6.5    Monitoring 

 Currently, there are no specifi c guidelines for 
monitoring requirements during thoracoscopy. 
Thoracoscopy, especially when done under local 
anaesthesia, is a short procedure and does not 

warrant invasive intraoperative monitoring. An 
intravenous peripheral line should be inserted to 
administer fl uids and medication during the pro-
cedure. Oxygen is given via nasal canula or face 
mask. Basic mandatory monitoring, when seda-
tion and analgesia is administered, should include 
continuous electrocardiographic monitoring, 
digital pulse oximetry and regular non-invasive 
blood pressure measurements (at least every 
5 min). General anaesthesia should be under-
taken in the presence of trained personnel, and 
additional monitoring is required including cap-
nography or capnometry, blood pressure moni-
toring and continuous or regular temperature 
measurements. The American Society of 
Anesthesiologists publishes a standard of care for 
basic intraoperative monitoring (Standards for 
basic anesthetic monitoring -   http://www.asahq.
org/publicationsAndServices/sgstoc.htm    ).  

6.6    Thoracoscopy Under Local 
Anaesthesia 

 Many authors have confi rmed that thoracoscopy 
for the diagnosis of pleural disease can be per-
formed safely under local anaesthesia (Oldenburg 
and Newhouse  1979 ; Gravino et al.  2005 ). The 
procedure can be performed using local anaes-
thesia with “conscious sedation” (Loddenkemper 
 1998 ; Boutin et al.  1991 ; Menzies and 
Charbonneau  1991 ). This widely used term, also 
known as diaz-analgesia, refers to a patient who 
remains awake or arousable and spontaneously 
breathing while having been administered small 
doses of anxiolytics and analgesics. This is dis-
tinguished from sedation, during which the 
patient is unconscious and spontaneously breath-
ing and not intubated (Smit et al.  1998 ; Danby 
et al.  1998 ; Migliore et al.  2002 ). These tech-
niques contrast to general anaesthesia, during 
which the airway is fully controlled by the inser-
tion of an endotracheal tube or laryngeal mask. 

 The most commonly used drugs for sedation 
are midazolam and propofol. Benzodiazepines, 
such as midazolam or diazepam, are more widely 
used because they cause less hemodynamic insta-
bility and respiratory depression than propofol. 

   Table 6.2    Contraindications to medical thoracoscopy   

 Contraindications to medical thoracoscopy 

 Inability to visualise the pleural space ( absolute ) 
 Severe hypoxemia 
 End-stage pulmonary fi brosis 
 Respiratory insuffi ciency requiring mechanical 
ventilatory assistance 
 Unstable cardiovascular status (hypotension, unstable 
coronary artery disease, arrhythmias) 
 Uncontrolled bleeding disorder 
 Uncontrolled cough 
 Severe pulmonary hypertension 
 Superior vena cava obstruction 
 Poor general performance status 
 Inability to lie in decubitus for more than 1 h 
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Analgesia is given concurrently, most commonly 
in the form of short-acting synthetic opiates such 
as fentanyl, remifentanil or sufentanil. Sedatives 
and analgesics can be given either as continuous 
IV perfusions or as boluses. Only one small ran-
domised trial compared the use of sufentanil 
given in boluses and continuous remifentanil dur-
ing thoracoscopy and found no difference 
between the two techniques (Gravino et al.  2005 ). 
The choice of analgesic and sedative drugs should 
thus be based on local expertise and policy. 

 The simplest way to perform local anaesthesia 
is by local anaesthetic infi ltration of the lateral 
thoracic wall and parietal pleura (Buchanan and 
Neville  2004 ; Horswell  1993 ; Boutin et al.  1991 ). 
Lidocaine or mepivacaine with epinephrine is 
infi ltrated at the sites of proposed trocar insertion 
before the incision is made. Some authors have 
also used ropivacaine instead of lidocaine 
(Gravino et al.  2005 ; Migliore et al.  2002 ). In 
addition to the skin, the intercostal muscle, neu-
rovascular bundle and underlying pleura of the 
chosen intercostal space should be extensively 
anaesthetised. The addition of epinephrine to the 
anaesthetic mixture reduces the amount of 
blood oozing on the pleural side of the port, 
 making visualisation easier and, in addition, 
reducing blood contamination of the thoraco-
scope (Rodriguez-Panadero et al.  2006 ; Horswell 
 1993 ). Once a pneumothorax is established, local 
anaesthetic may be nebulised or sprayed with a 
catheter on the parietal pleura for further anaes-
thesia. This technique of spray catheter pleural 
anaesthesia has been shown to reduce pain prior 
to talc poudrage for spontaneous pneumothorax 
(Lee and Colt     2007b ). Intercostal nerve blocks or 
thoracic epidural anaesthesia is other means of 
providing more complete analgesia but should be 
done by a trained physician (Horswell  1993 ).  

6.7    Thoracoscopy Under General 
Anaesthesia 

 General anaesthesia is widely used in the surgical 
literature to perform thoracoscopy. In a paralysed 
patient under positive pressure ventilation, pneu-
mothorax will not develop in the open-chest lung 

and paradoxical respiration will not occur, poten-
tially making adequate visualisation of the pleu-
ral space more diffi cult. To counteract this 
limitation, ventilation of the two lungs may be 
separated by various techniques during the proce-
dure (Horswell  1993 ; Cohen  2004 ). 

 The double-lumen endotracheal tube has 
evolved as the technique of choice for one-lung 
ventilation during surgery. Double-lumen tubes 
are essentially two catheters bonded together side 
by side, with each lumen intended to ventilate 
one of the lungs. They are made as left-sided or 
right-sided depending on which mainstem bron-
chus the tip of the catheter is meant to be inserted 
into. Adequate positioning of the double-lumen 
tube should be confi rmed by fi beroptic bronchos-
copy (Horswell  1993 ; Smith et al.  1986 ). Clinical 
signs alone are unreliable in ascertaining that the 
tube is correctly positioned and bronchoscopy 
has revealed malpositioning of the tube in up to 
48 % of cases and this can lead to intraoperative 
problems in 25 % of cases (Smith et al.  1986 ; 
Read et al.  1977 ). The position of the double- 
lumen tube is usually determined upon initial 
intubation in the supine position and again when 
the patient is turned to the lateral decubitus 
position. 

 Selective mainstem bronchial blockade is 
another method to obtain lung separation for tho-
racoscopic surgery. It is most commonly used in 
children and small adults in which double-lumen 
tubes are too large to be inserted or in patients 
with a diffi cult airway (Horswell  1993 ; Cohen 
 2004 ). The most commonly used endobronchial 
blocker is a Fogarty embolectomy catheter with a 
3–6 ml balloon. A snare-guided endobronchial 
blocker also exists, and this can be positioned into 
the desired bronchus with the loop of the snare 
tied around the fi beroptic bronchoscope. 
Endobronchial blockers have several drawbacks 
which include diffi culty in positioning the blocker 
into the desired airway, inability to suction the air-
way distal to the blocker and displacement during 
the surgery which may lead to tracheal obstruc-
tion. Overall, endobronchial blockage requires 
intense monitoring and cumbersome manipula-
tion, thus making double- lumen tubes the pre-
ferred method for lung separation. 
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 The use of double-lumen endotracheal tubes 
and endobronchial blockers is associated with 
costs and complications. Recently, Cerfolio and 
colleagues reported a series of 376 patients who 
underwent VATS for pleural effusion or pleural 
biopsies using a technique of single-lumen endo-
tracheal tube anaesthesia and lower tidal volumes 
(Cerfolio et al.  2004 ). During the procedure, the 
tidal volume was reduced to 150–250 ml by 
the anaesthesiologist. Using this technique, ade-
quate visualisation of the pleural space was pos-
sible in most cases, thereby preventing the need 
for separate lung ventilation.  

6.8    Choosing the Type 
of Anaesthesia 

 No consensus exists in the literature on the appro-
priate choice of anaesthesia for thoracoscopy. 
Usually, the choice between local and general 
anaesthesia will be guided by multiple factors, 
including the planned procedure and its underly-
ing indication, as well as patient-related factors. 
For example, a child or a patient who is afraid of 
the procedure or unable to lie on his/her side for 
an hour should undergo the procedure under gen-
eral anaesthesia. In addition, if thoracoscopy is 
expected to be prolonged or painful (e.g. multi-
loculated empyema), general anaesthesia is prob-
ably preferable. During thoracoscopy performed 
for the management of spontaneous pneumotho-
rax by pleurodesis, the insuffl ation of a pleurode-
sis agent may be quite painful for the sedated 
patient and may necessitate the administration of 
additional analgesia for maintenance of patient 
comfort. General anaesthesia may be preferable 
in these cases. Suggestions for anaesthetic agent 
according to the indication for thoracoscopy are 
listed in Table  6.1 . 

 From our experience, certain comorbidities 
may warrant caution in the choice of local anaes-
thesia. One particular case is the elderly subject 
with a history of cardiac insuffi ciency. In these 
patients, the vasoplegic and myocardial depres-
sant properties associated with certain sedative 
and analgesic drugs, especially propofol, as well 
as the diminution of the sympathetic tone by 

these agents may lead to hypotension and shock. 
One should use smaller incremental doses of 
sedation and analgesia in these patients. Also, 
sedation must be undertaken prudently in obese 
patients and patients with known obstructive 
sleep apnea-hypopnea syndrome. In addition to 
having a decreased respiratory reserve when 
lying down, these subjects tend to obstruct their 
upper airway and become apnoeic when given 
sedatives and analgesics. As a consequence, they 
tend to desaturate easily. They also can be diffi -
cult to ventilate and may have diffi cult airways if 
intubation is necessary, a situation which can be 
greatly exacerbated by the fact that the patient is 
lying in the lateral decubitus position. 

 It should always be remembered before 
undertaking a thoracoscopic procedure under 
local anaesthesia that, if it became necessary to 
urgently intubate the patient during the proce-
dure, the lateral decubitus position makes 
 airway access and intubation quite diffi cult. 
Whenever uncertain, an anaesthesiologist 
should be consulted and general anaesthesia 
should be considered as the airway is controlled 
during the procedure and physiological param-
eters can be better monitored and corrected if 
needed.  

6.9    Post-thoracoscopy Pain 
Management 

 Post-thoracoscopy pain can be controlled in most 
cases with the use of mild oral analgesics or non-
steroidal anti-infl ammatory drugs (NSAIDs). 
The amount of post-procedural pain is deter-
mined by factors intrinsic to the patient as much 
as procedure-related factors. For example, proce-
dures that involve decortication or pleurodesis 
will cause more pain than simple biopsies. In 
patients where the pain is inadequately controlled 
by NSAIDs or mild analgesics, other methods 
should be used, for example, intravenous analge-
sics, patient-controlled delivery systems or epi-
dural or spinal anaesthesia. In all cases, there are 
enormous benefi ts for aggressive pain control 
methods for patients, their families and the 
health-care personnel (Mulder  1993 ).  
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   Conclusion 

 Thoracoscopy can be done under local or gen-
eral anaesthesia. Generally speaking, more 
simple procedures such as parietal pleural 
biopsies or pleurodesis with talc can be done 
under local anaesthesia with sedation. Patients 
requiring more complex thoracoscopic inter-
ventions (e.g. decortication for multiloculated 
empyema, sympathectomy), those with cer-
tain comorbidities (e.g. heart failure, obesity) 
or those unable to lie on their side for more 
than an hour will require general anaesthesia. 
Adequate preoperative assessment and prepa-
ration is of key importance. For patients 
undergoing general anaesthesia, the procedure 
is usually done using separate lung ventila-
tion, although pleural biopsies and pleurode-
sis can also be safely done with a single- lumen 
endotracheal tube using lower tidal volumes.     
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7.1           Introduction 

 Although Jacobaeus is credited with the develop-
ment of thoracoscopy, the fi rst documented report 
of thoracoscopy in the literature appeared in 
1866. Samuel Gordon described the exploration 
of a pleural cavity of an 11-year-old girl with 
empyema. This fi rst procedure was performed in 
1865 by the Irish physician Francis Richard 
Cruise (Cruise  1865 ). However, it was Jacobaeus 
who made the procedure more operator friendly 
by improving the endoscopic view through the 
induction of a pneumothorax at the onset of the 
procedure (Jacobaeus  1910 ). 

 The term “medical thoracoscopy” appeared in 
the literature approximately 15 years ago to dis-
tinguish it from the newly developed operation of 
“video-assisted thoracoscopic surgery” (VATS). 

 Medical thoracoscopy is usually performed by 
pulmonologists in the endoscopy suite under 
local anesthesia and with intravenous conscious 
sedation/analgesia, while VATS requires general 
anesthesia and double-lumen tracheal intubation. 

It is usually undertaken by thoracic surgeons in 
the operating room. The range of indications and 
interventions performed differs between the two 
procedures. Medical thoracoscopy is frequently 
indicated for diagnostic purposes (pleural effu-
sions) and/or talc pleurodesis (“poudrage”) to 
prevent recurrence of persistent pleural effusions 
or pneumothorax. 

 In this chapter, we will describe the equip-
ment and technique necessary for a successful 
thoracoscopy.  

7.2    Equipment 

7.2.1    Standard 

 The standard required equipment for thoracos-
copy includes a pleural needle (Fig.  7.1a, b ), a 
trocar – consisting of an obturator and a cannula 
(Fig.  7.2 ) – a direct-viewing and angle-viewing 
optical telescope (Fig.  7.3a, b ), an optical forceps 
(Fig.  7.4 ), and a light source.

      Additional essential instruments include an 
insulated trocar (Fig.  7.2 ) that can be used to cre-
ate a second port of entry and through which 
electrocautery can be performed. Recently new 
sets are available for single puncture thoracos-
copy allowing minimally invasive diagnostic 
treatment with one small incision. With a 5.5-mm 
trocar, the procedure is possible under local anes-
thetics and without painful stress for the patient 
(Fig.  7.5 ).
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   The optimal diameter of the thoracoscope 
(trocar and telescope) is 7 mm (Fig.  7.3a ), as 
originally developed by Boutin in conjunction 
with the Wolf Corporation (Wolf Company, 
Knittlingen, Germany   ) (Boutin et al.  1981b ). 
Larger telescopes (diameter 10–12 mm) are 
available, but they have been developed with the 
surgeon in mind, where the procedure will be 
performed under general anesthesia and double- 
lumen intubation. However, their large size 

makes them impractical for a procedure per-
formed under local anesthesia. 

 In addition, equipment with a smaller diame-
ter is also available, the so-called minithoracos-
copy (please refer to the dedicated chapter in Part 
  VI     of this textbook). 

 Both 3- and 5-mm optical biopsy forceps 
(Fig.  7.4 ) are available and frequently provide 
adequate biopsies for a defi nitive diagnosis of the 
underlying pathology.  

a b
  Fig. 7.1    A metallic ( a ) and 
single-use ( b ) pleural needle. 
The pleural trocar, 2–3 mm in 
diameter, 100 mm in length, 
with tap. A pointed obturator 
to penetrate the skin and the 
intercostal tissue and 
subsequently changed to a 
blunt obturator to pass 
through the parietal pleura       

  Fig. 7.2    Trocars. From the 
 left to the right . 7-mm 
diameter metallic trocar 
consisting of an obturator and 
a cannula. 5-mm diameter 
insulated trocar allowing the 
use of coagulating forceps. 
10-mm diameter plastic trocar       
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7.2.2    Other Required Equipment 

•     A suitable area for surgical scrubbing, sterile 
gowns, sheets, and gloves  

•   An endoscopy room (Fig.  7.6 )

•      A thoracoscopy table  
•   Separate mobile carts  
•   A mayo stand, which can be covered with 

sterile sheets, for the instruments (Fig.  7.7 )
•      Anesthetic equipment  

a

b

  Fig. 7.3    A direct-viewing 
(0°) and angle-viewing (50° 
oblique angle of view) optical 
telescope. ( a ) Examination 
telescope, Panoview, 7 mm in 
diameter and 350 mm in 
length, allows for high-quality 
exploration. ( b ) A new 
telescope is available which 
includes a working channel 
for suction catheter, grasping 
forceps, and coagulating 
forceps with a single point of 
entry (Richard Wolf, 
Knittlingen, Germany)       

  Fig. 7.4    Optical biopsy 
forceps. This is mainly used 
for biopsies of the parietal 
pleura. Coagulation is not 
possible with this instrument 
(Richard Wolf, Knittlingen, 
Germany)       

  Fig. 7.5    A new generation 
optical biopsy forceps with 
working channel for 
instruments including the 
coagulating forceps (Richard 
Wolf, Knittlingen, Germany)       
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•   Monitoring equipment including ECG, blood 
pressure, and saturation probes  

•   Needles – 24G and 21G for the administration 
of local anesthetic agents  

•   10- and 50-mm syringes  
•   Surgical swabs  
•   Scalpel  
•   Clamps  

  Fig. 7.6    A general view of an 
endoscopy room       

  Fig. 7.7    A Mayo stand 
covered with sterile sheets for 
the instruments       
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•   Grasping forceps and a swab holder  
•   Electrocautery and loop to divide adhesions 

and control hemorrhage – if it occurs  
•   Sterile covers for the cables used to attach the 

optics and camera to the lighting source  
•   Plastic sterile aspiration tubes, 4 and 6 mm in 

diameter  
•   Aspiration tubing and collection bottles of at 

least 2 l capacity which can be connected to 
negative pressure  

•   Cupulas for local anesthetic (LA), warm 
saline – used to prevent fogging of the optics  – 
and soap  

•   Chest drains ranging from size 20 to 32 Fr  
•   A guide for the chest drain or a self-contained 

chest tube set with an inner stylet      

7.3    Practical Considerations 

 It is mandatory that the operator is skilled with a 
good knowledge of pleural anatomy and the asso-
ciated landmarks. The physician should be well 
acquainted with all the equipment used during 
the procedure. When setting up for the procedure 
prior to the commencement of the intervention, it 
is necessary to ensure that all necessary equip-
ment is available. We advise that the drain and 
underwater seal is prepared and the patient is 
earthed for electrocautery before starting the 
intervention. This will allow for a rapid response 
to complications should they arise. In addition, 
the physician must be skilled in the postoperative 
management of patients including pain control 
and chest drain assessment and removal. 

 The light source should be of a high quality to 
maximize the quality of the images. Care must be 
taken to ensure that the connecting cables between 
the light and power sources and the thoracoscope 
are attached correctly. Sterility of these cables 
must be maintained at all times to reduce postop-
erative infectious complications. Although not 
essential for the procedure, we recommend that 
the physician invests in equipment that will allow 
the capture of images and/or movie clips. This 
provides an objective record of the pleural space 
especially if redo thoracoscopy is planned to 
access the response to therapy (Breen et al.  2008 ). 

 A compromise must be made when choosing 
the optimal trocar size. Large trocars allow for 
the insertion of large telescopes which will 
improve the quality of the procedure. However, 
the larger the trocar, the greater the discomfort 
to the patient. We believe that a 5- or 7-mm 
 trocar is optimal for thoracoscopy (Fig.  7.2 ), 
allowing good visualization of the pleural space 
and biopsy through a single port of entry when 
using an optical forceps (Fig.  7.4 ). A conically 
shaped tip on the trocar reduces the risk of 
trauma to the intercostal neurovascular bundle 
during introduction. 

 The vast majority of procedures including talc 
poudrage can be performed through a single port 
of entry – if the initial trocar size is at least 5 mm 
in diameter. A second port of entry is occasion-
ally indicated. This point of entry is located one 
intercostal space superior or inferior to the pri-
mary port of entry or, in the setting of hemor-
rhage, located to allow electrocoagulation of the 
site of bleeding 

7.3.1    Second Port of Entry 

 A second port of entry is necessary in some sce-
narios. These include situations where the move-
ment of the trocar is suffi ciently painful to prevent 
a full inspection of the area of interest. This 
 complication can be minimized by choosing the 
position carefully at the outset with the aid of 
available radiographs, CT, and pre-thoracoscopy 
ultrasound (see Chap.      4    ). 

 However, in some cases it may be due to sim-
ple geographical issues between the entry point 
and the lesion or secondary to a narrow intercos-
tal space that prevents complete maneuverability 
of the trocar. Although the LA provides excellent 
anesthesia to the immediate area of entry, it has 
no effect on the ribs which, if they are forcefully 
pushed up or down by the movement of the tho-
racoscope, may induce pain. Another scenario 
requiring a second port of entry is when large 
adhesions are present that require cutting or cir-
cumnavigation. This is particularly important if 
the adhesions are vascularized and require coagu-
lation to safely separate them (Fig.  7.8 ).
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   If a thoracoscopy is performed, it is paramount 
that a full inspection of the cavity is undertaken 
from the apex to the diaphragm. If this is not fea-
sible through a single port, then a second access 
point should be created. As previously discussed, 
if electrocautery is needed for control of hemor-
rhage, then the physician must be able to create a 
second port of entry rapidly. This second port can 
be placed rapidly under direct vision. The chosen 
site is viewed through the primary port with the 
optic while the assistant depresses on the chest 
wall at the second site of entry. The external com-
pression can be easily visualized on the internal 
chest wall (Fig.  7.9a, b ). The trocar can then be 

placed rapidly under direct vision as described 
later in this chapter.

7.3.2       Alternative Equipment 

 Thoracoscopy can be performed using alternative 
equipment apart from that described above. Indeed 
a fl exible bronchoscope has been used for inspec-
tion of the pleural cavity! Recently, a dedicated 
semirigid/fl exible thoracoscope has been devel-
oped (Chap.   26    ). There are advantages and disad-
vantages associated with this equipment. The rigid 
thoracoscope provides excellent vision, large 

a

b

  Fig. 7.8    Large adhesions can 
be severed using an electro-
cautery loop ( a ) (in this case, 
on the  left side , through a 
second point of entry) or 
coagulating forceps ( b ). This    
is particularly important if the 
adhesions are highly 
vascularized requiring 
coagulation to safely separate 
them. Vascularized adhesion 
( arrow ), parietal pleural side 
( square ), lung ( circle )       

 

P. Astoul and D.P. Breen

http://dx.doi.org/10.1007/978-3-642-38351-9_26


65

biopsy samples via a single port of entry, ease of 
biopsy from harder lesions, and easy orientation 
inside the pleural cavity. However, physicians who 
are skilled with the fl exible bronchoscope may 
feel more comfortable with the semirigid thoraco-
scope. The fl exible equipment allows lateral vision 
or retro visualization (this would require a separate 
oblique view telescope if using rigid instruments) 
(Ishida et al.  2011 ). 

 However, when compared with rigid instru-
ments, the control of the working end of the fl ex-
ible thoracoscope is limited due to its fl exibility. 
In addition, the biopsy size is small which in turn 
limits its diagnostic yield, especially in the set-
ting of malignant mesothelioma. Finally, the ini-
tial access to the pleural space still requires 
placement of a trocar which is the same diameter 
as that used for rigid equipment. Therefore there 
is no reduction in the discomfort experienced by 
the patient during the procedure. 

 Therefore, despite the obvious attraction of the 
semirigid thoracoscope to respiratory physicians – 
because of its similarity to the bronchoscope – it is 
limited by the inherent disadvantages of fl exible 
instruments including the fragility of the instru-
ments, sterilization requirements, high mainte-
nance costs, and small size of the biopsies. We 
believe that there are no clear advantages of the 
fl exible thoracoscope over the rigid equipment. 

 Smaller equipment, so-called minithoracos-
copy, has also been developed as an alternative 
for diagnostic thoracoscopy under local anesthe-
sia. This consists of rigid equipment using either 
a 2- or 3-mm thoracoscope. Tassi et al. obtained a 
diagnostic yield of 93 % using a 3-mm thoraco-
scope. In a paper comparing 2-mm, 3-mm, and 
standard thoracoscopes, the authors obtained a 
diagnostic yield of 40, 100, and 100 % for the 2-, 
3-, and 7-mm equipment, respectively (Tassi 
et al.  2011 ). 

 One of the disadvantages of the mini equip-
ment is that it is necessary to create a second port 
of entry in order to obtain biopsies. This com-
pares to the standard equipment where all proce-
dures can be performed through a single port of 
entry.   

7.4    Technique 

7.4.1    Preparation of the Patient 

 Although thoracoscopy is a safe and relatively 
simple procedure – if the performing physician is 
well trained and familiar with the endoscopic 
anatomy of the thorax – a few simple rules, which 
apply to all endoscopic procedures, should be 
followed carefully. 

a b

  Fig. 7.9    A 5-mm trocar can be placed rapidly under 
direct vision through a second point of entry. ( a ) The cho-
sen site is viewed through the primary port with the optic, 

while the assistant depresses on the chest wall at the sec-
ond site of entry. ( b ) The external compression can be eas-
ily visualized on the internal chest wall       
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7.4.1.1    Preoperative Discussion 
with the Patient 

 Although this is a basic requirement for informed 
consent, it is especially important when the pro-
cedure is performed under local anesthesia as the 
patient will be more confi dent during the inter-
vention if he or she knows the details of the pro-
cedure in advance.  

7.4.1.2    Preoperative Assessment 
 The patient’s medical status should be optimized 
prior to the thoracoscopy. The procedure should 
be deferred for subjects with uncontrolled cough. 
This makes the procedure very diffi cult for both 
the patient and physician alike and results in 
complications (subcutaneous emphysema). Great 
care should be taken with patients with a poor 
performance status, hypoproteinemia, or diffuse 
neoplastic infi ltration of the chest wall. Ultimately 
physicians should try to balance the benefi ts with 
the risks of the procedure. As with all interven-
tions the procedure should not be performed 
unless there is a defi nite benefi t to the patient.  

7.4.1.3    Preoperative Investigations 
 All patients undergoing thoracoscopy should 
have a preoperative ECG. Patients with unstable 
angina or a history of a recent myocardial infarc-
tion should be rejected for thoracoscopy. 
Coagulation and blood gas analysis should be 
performed preoperatively. Extreme care should 
be taken with patients with hypercapnia espe-
cially if the PaCO 2  is greater than 55 mmHg. 
Hematological abnormalities should be cor-
rected, if possible, prior to the intervention. 
Patients with pancytopenia or coagulation disor-
ders are at an increased risk of complications, 
and indeed thoracoscopy is contraindicated if the 
platelet levels are below 60,000/mm 3 . The INR 
should be less than 2.0. The use of aspirin may 
prolong bleeding time, but is not an absolute con-
traindication to biopsy. 

 Radiological assessment includes chest radi-
ography, computed tomography (CT), and pref-
erably ultrasonography (US) prior to the 
procedure – depending on the local facilities. 
Historically a posteroanterior and lateral chest 
X-ray fi lm was mandatory in order to evaluate the 

best port of entry, to exclude the presence of con-
tralateral pulmonary lesions (these could lead to 
acute respiratory insuffi ciency at the time of 
pneumothorax induction), and to evaluate the 
size and shape of the pleural effusion to be 
explored. However the role for preoperative chest 
X-ray is less important in current practice as most 
centers will perform pre-thoracoscopy US. 
A contrast-enhanced CT (delayed pleural enhan-
cement) is recommended in the workup of all 
patients with a pleural effusion of unclear origin. 
This may provide additional information such 
as areas of loculation, pleural nodules, and 
adenopathy.  

7.4.1.4    Premedication 
for Thoracoscopy 

 Preoperative preparation should include chest 
physiotherapy. Bronchodilators, antibiotics, and 
corticosteroids should be prescribed if indicated 
to optimize pulmonary function. Routine pro-
phylactic antibiotics are not indicated, unless the 
patient is neutropenic. The role of preoperative 
medication has not been subjected to random-
ized studies. In some centers, 0.4–0.8 mg of 
atropine (intramuscular or subcutaneous), is 
administered prior to the procedure to prevent 
vasovagal reactions. Details of drugs used dur-
ing the procedure have been discussed in detail 
in Chap   5    . Briefl y, sedation during the procedure 
is performed using incremental doses of a nar-
cotic agent and a benzodiazepine. Drugs to 
antagonize the effects of both morphine and ben-
zodiazepines should be available if oversedation/
analgesia occurs. 

 The choice of anesthetic technique takes a 
number of considerations into account including 
the mental status of the patient, the age of the 
patient, the expected duration of the procedure, 
the indication for the thoracoscopy, and the pro-
posed intervention during the procedure. 

 Patients should have an intravenous cannula 
placed. Basic monitoring includes ECG and 
pulse oximetry. Supplementary oxygen should 
be provided to the patient to maintain oxygen 
saturation above 90 %. All patients should be 
treated with prophylactic heparin during their 
hospital stay.   
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7.4.2    Technique 

7.4.2.1    Patient Preparation 
 The patient is placed in the lateral decubitus posi-
tion with the healthy lung down. The positioning 
of the patient is essential – especially if the pro-
cedure is performed under local anesthetic. He/
she must remain in the one position for the dura-
tion of the procedure, and therefore this must be 
as comfortable as possible. Two techniques can 
be used to widen the intercostal space during the 
procedure. A round bolster can be placed under-
neath the thorax, thus arching the vertebral col-
umn superiorly and in turn enlarging the 
intercostal space. Secondly, the upper arm can 
be raised over the head and placed on a metal 
cradle (Fig.  7.10 ). Both these maneuvers increase 
the size of the intercostal space and in turn pro-
vide more space for the instruments and therefore 
reduce the degree of discomfort for the patient as 
there is less pressure on the ribs when manipulat-
ing the rigid instruments during inspection of the 
cavity and/or performing biopsy.

   Patients have been placed in other positions 
for thoracoscopy including dorsal decubitus and 
ventral decubitus. 

 Once the patient is positioned and the operat-
ing fi eld is sterilized (Fig.  7.11 ), the operator and 
assistant place sterile drapes over the patient and 
the operating tables. The only uncovered area 

  Fig. 7.10    The patient usually lies with the healthy side 
down. A round bolster is slipped under the thorax to arch 
the vertebral column convexly upward, thus enlarging the 
intercostal spaces. The upper arm is raised at a right angle 
with the forearm attached to a gutter       

  Fig. 7.11    Preparation of the 
operating fi eld       
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should be the area of operation which should 
remain exposed to allow for the insertion of the 
instruments. By applying sterile drapes to the 
patients and tables, the operators now have a safe 
environment to arrange all the equipment needed 
for the procedure.

   The fi rst step in the operation is to choose the 
most suitable location for the pleural puncture. It 
is essential that the physician performing the pro-
cedure is fully aware of thoracic anatomy and 
surface landmarks. The choice of puncture 
depends on the nature of the suspected underly-
ing pathology and in addition after interrogation 
of the available radiological images and US scan 
prior to the procedure. For pleural effusions, the 
optimal point of entry depends on the patient’s 
suspected disease; for pneumothorax a higher 
point of entry is chosen (third or fourth  intercostal 
space), as most abnormalities in this disease 
(blebs and bullae) can be found at the apex of the 
lung and can be best visualized from a high point 
of entry. In cases with suspected malignancy, a 
lower point of entry is preferred (sixth or seventh 
intercostal spaces), as most pleural malignancies 
are found in the posterior and inferior areas of the 
pleura. The optimal point of entry is localized in 
the midaxillary line, as there are no large muscle 
groups in this region that need to be transversed 
by the trocar.  

7.4.2.2    Local Anesthesia (LA) 
 Even if the procedure is performed under general 
anesthesia, it is mandatory to apply LA to the 
skin, subcutaneous tissues, and pleura before 
introducing the trocar into the pleural space. 

 At the designated point of entry, 15–30 mL of 
1 % lidocaine is injected perpendicularly into the 
skin, subcutaneous tissues, intercostal muscles, 
and the parietal pleura. When the procedure is 
performed under heavy sedation, 15 mL of 1 % 
lidocaine is used; 30 mL is optimal with light 
sedation. The addition of adrenaline may reduce 
the amount of blood oozing from the intercostal 
or pleural vessels, thus minimizing contamina-
tion of the optical telescope. 

 After the administration of LA, a small inci-
sion is made in the skin to allow easy passage of 
the pleural needle through the skin and subcuta-
neous tissues. The pleural needle is used to 
induce the pneumothorax (Fig.  7.12 ).

7.4.2.3       Induction of Pneumothorax 
 The space between the lung and chest wall must 
be of a suffi cient size to visualize the area of 
abnormality and to allow easy movement of the 
instruments within the pleural space. Therefore, a 
pneumothorax must be induced. Some centers 
create a pneumothorax a few hours or even the 
day before thoracoscopy. In theory, this may 

  Fig. 7.12    Induction of the 
pneumothorax using the 
pleural needle       

 

P. Astoul and D.P. Breen



69

reduce blood fl ow to the periphery of the lung, 
which in turn may prevent damage to the under-
lying lung during exploration of the pleural 
space. However, in our experience, the direct 
introduction of a trocar, with a conical tip, into 
the thoracic wall, without prior induction of a 
pneumothorax, is safe and effective – if there is 
suffi cient pleural fl uid. Very occasionally, the 
introduction of the trocar can be troublesome, for 
example, in cases of pleural adhesions. Therefore, 
the trocar must be introduced slowly and care-
fully. The inner part of the trocar must be with-
drawn when a reduction of resistance is felt 
which suggests that the operator has transversed 
the parietal pleura. A previously induced pneu-
mothorax can be useful to assess pleural lesions 
and lung collapsibility in advance. However, a 
contrast-enhanced CT will be helpful in this 
assessment as well. 

 The pleural needle consists of three separate 
components (Fig.  7.1a, b ). The needle is 2 or 
3 mm in diameter and 100 mm in length. It con-
sists of a hollow outer component and two obtu-
rators, one blunt and one sharp. The sharp 
obturator is used to pass through the skin and 
subcutaneous tissues, and this can be removed 
and replaced by the blunt obturator to “pop” 
through the pleura into the thoracic cavity. The 
use of a blunt obturator reduces the risk of 

 damage or laceration to the lung, diaphragm, or 
intercostal neurovascular bundle. The correct 
position of the needle can be confi rmed by aspi-
rating pleural fl uid (effusion) through the hollow 
outer core. Once the position is confi rmed, the 
needle is opened to atmospheric pressure and air 
is allowed to enter the pleural space (Fig.  7.12 ). 
A characteristic whistle of air can be heard as it 
passes through the needle with each respiratory 
cycle. When an equal amount of air is heard 
entering on inspiration as leaving on expiration, a 
state of equilibrium is created between the pleu-
ral space and the cavity. The pneumothorax can 
be further confi rmed by attaching a syringe to the 
needle and aspirating a quantity of air (Fig.  7.13 ).

   Once a suffi cient pneumothorax is obtained, 
the needle is removed, and an incision is made in 
the skin – this should be up to 8 to 10 mm 
(Fig.  7.14 ). This incision should be big enough to 
allow the passage of the trocar for thoracic inspec-
tion and the chest drain at the end of the proce-
dure. If too large, the incision will require 
additional sutures for closure. The incision should 
be made only in the skin and not through deeper 
structures in an attempt to maintain a bloodless 
fi eld. The incision is followed by blunt dissection 
with scissors down to the level of the pleura 
(Fig.  7.15 ). It is essential that this is blunt and not 
cutting to prevent damage to the  intercostal 

  Fig. 7.13    The presence of 
pneumothorax can be 
confi rmed by attaching a 
syringe to the needle and 
aspirating a quantity of air       
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 neurovascular bundle during dissection. Once dis-
section reaches the pleural space, the trocar can be 
inserted and the obturator removed. The trocar 
should always be inserted perpendicularly to the 
chest wall with a slow and careful rotating motion 
(Fig.  7.16 ). It is safer to locate the tip over the 
inferior rib in the chosen port of entry, in order to 
prevent damage to the intercostal vessels and 
nerves. Occasionally, introduction of the trocar 
can be troublesome in the setting of pleural adhe-
sions. If resistance is met or adhesions are present, 
a number of techniques can be performed to 
increase the size of the pleural space to allow 
visual exploration. Firstly, the incision can be 
increased to allow the physician’s fi nger to enter 

the pleural space. Then the operator can perform a 
slow circular rotation with the fi nger to break 
down any adhesions in the near vicinity of the 
incision (Janssen and Boutin  1992 ). At this stage 
the tract made by the trocar in the chest wall can 
be explored with the telescope. Further adhesions 
can be severed with the biopsy forceps or cautery. 
This should be performed at the parietal level to 
prevent bleeding (Fig.  7.8 ).

     The cavity is now ready for drainage of fl uid, if 
present, and inspection. Fluid evacuation can be 
performed gently with an aspiration catheter 
attached to negative pressure. The technique for 
pleural fl uid aspiration should ensure that the suc-
tion catheter is in continuous motion which helps 

  Fig. 7.14    Skin incision. 
When the pneumothorax is 
obtained, the needle is 
removed and an incision is 
made in the skin – this should 
be up to 8–10 mm. This 
incision should be big enough 
to allow the passage of the 
trocar for thoracic inspection 
and the chest drain at the end 
of the procedure       

  Fig. 7.15    Dissection of the 
chest wall       
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to prevent coughing that could be provoked by the 
attachment of the catheter to the visceral pleura 
and the underlying lung (Fig.  7.17 ). With fl uid 
removal, air enters the pleural cavity passively.

   Once all fl uid is removed, inspection should be 
performed systematically. With the direct- viewing 
optic, the operator should commence with visual-
ization of the posterior costophrenic gutter and 
diaphragm. Then, with slow movement, the poste-
rior pleural surface should be visualized in the 
direction of the apex, then the apex and the ante-
rior surface until reaching the anterior diaphragm 
(Fig.  7.18 ). An operator and an assistant can per-
form the procedure (Fig.  7.19 ). In addition, the 

surface of the lung, visceral pleura, fi ssures, and, 
if the left cavity, the pericardium and pericardial 
fat should be visualized. This technique allows for 
the maximal surface of the cavity to be observed 
(right side, Fig.  7.20a–g ; left side, Fig.  7.21a–h ).

      For the complete exploration of the pleural 
cavity, a slow circular motion of the scope is rec-
ommended. The optic should remain in the ana-
tomical position at all times to allow for easy 
identifi cation of the internal structures. In addi-
tion, certain characteristics are observed – the 
diaphragm shows respiratory movements, the lung 
has a transmitted pulsating motion, and the costal 
pleura appears to be motionless. 

  Fig. 7.16    Insertion of the 
7-mm trocar       

  Fig. 7.17    Pleural fl uid 
aspiration       
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  Fig. 7.18    Using the 
direct-viewing optic, the 
operator should commence 
with visualization of the 
posterior costophrenic gutter 
and diaphragm. Then, with a 
slow movement, the posterior 
pleural surface should be 
visualized in the direction of 
the apex, then the apex and the 
anterior surface until reaching 
the anterior diaphragm       

  Fig. 7.19    ( A ) Operator, ( B ) 
assistant, ( C ) anesthetist, ( D ) 
nurse (However, medical 
thoracoscopy can also be done 
under local anesthesia with a 
single operator and a nurse in 
the room)       
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 After this initial inspection, a fi lm can be 
made, if indicated and if the equipment is avail-
able. Once this is performed, biopsies of suspi-
cious lesions can be obtained using a rigid optical 
forceps through the same port.  

7.4.2.4    Pleural Biopsy 
 We advise using a biopsy technique involving 
palpation and peeling. The initial biopsy should 
be performed over a hard surface, i.e., a rib – this 
avoids injury to the neurovascular bundle 

  Fig. 7.20    ( a ) The right 
pleural cavity ( arrow : 
hilum) –  1  internal mammary 
artery,  2  internal mammary 
vein,  3  superior vena cava,  4  
phrenic nerve,  5  vagus nerve, 
 6  azygos arch,  7  intercostal 
venous trunk,  8  sympathetic 
trunk,  9  diaphragm,  10  heart. 
( b )  Right side  –  A  anterior 
parietal pleura.  P  posterior 
parietal pleura. ( c )  Right 
side  – subclavian artery 
( arrows ). Lung (⚫). ( d )  Right 
side  – upper lobe (◼). Middle 
lobe (⚫). Lower lobe (◻). ( e ) 
 Right side  – fi ssures ( arrows ). 
Middle lobe (⚫). Lower lobe 
(◼). ( f )  Right side  – posterior 
parietal pleura. Intercostal 
space (⚫). Pleural fat (⚪). ( g ) 
 Right side  – posterior parietal 
pleura with pleural fat 
( yellow ). Fissure ( arrow )             

a

b
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(Fig.  7.21d ). Once a rib is confi rmed by touching 
with the closed forceps, it is opened and the sus-
picious lesion is grasped. This is then peeled par-
allel to the chest wall. Once a small section is 
peeled, we return to the initial site of biopsy to 
ensure there is no excessive bleeding. The edge 
of the peel is then grasped and striped further 
(Fig.  7.22 ). This can be continued on a number of 
occasions to obtain a large biopsy sample. 
Multiple biopsies should be performed in this 
manner. In our practice we perform between 15 
and 20 biopsies per case. This provides adequate 
sampling for pathology, immunohistochemistry, 
mutation analysis, and tumor markers – if 
indicated.

   After biopsy, the cavity should be inspected 
again with the direct optical telescope to ensure 
that there is no excessive bleeding – if occurring, 
this may need additional treatment. If excessive 
bleeding occurs and coagulation is required, a 
second insulated port of entry must be placed in a 
suitable location to allow for this to be performed 
(Fig.  7.23 ).

   If indicated, talc pleurodesis can be per-
formed at this time through the single port or 
through an additional port of entry created with 
the Boutin needle. A second port allows visual-
ization of the talcage during administration. 
However, in our opinion talcage can be per-
formed safely through a single port with 

f

g

Fig. 7.20 (continued)
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 occasional revisualization of the cavity with the 
optic to ensure all surfaces are suffi ciently 
coated. The goal is to obtain a light coating of 
talc on all pleural surfaces, both parietal and 
visceral (Fig.  7.24 ), using a dedicated device 

(Fig.  7.25 ) and avoid mass of talc which makes 
the procedure ineffi cient (Fig.  7.26 ). The pleura 
post talcage should resemble the fi rst light fall 
of snow. In addition, in the setting of mesothe-
lioma, a second port of entry may require 

  Fig. 7.21    ( a ) The left pleural 
cavity ( arrow : hilum) –  1  
subclavian artery,  2  vagus 
nerve,  3  phrenic nerve,  4  
aortic arch,  5  heart,  6  
diaphragm,  7  sympathetic 
trunk,  8  intercostal arteries 
and veins. ( b )  Left side  – the 
subclavian artery (⚫) runs 
upwards through the upper 
half of the left pleural cavity. 
The aortic arch (◼) is visible 
at the  left side  of the picture. 
( c )  Left      side  – upper part of 
the pleural cavity with the 
upper lobe of the left lung; 
posterior parietal pleura ( white 
circle ) and apex ( white 
square ). ( d )  Left side  – posterior 
parietal pleura with intercostal 
spaces (⚫), pleural fat (◼), 
and the surface of the left lung 
( star ). The intercostal vessels 
are clearly visible ( arrow ). 
When the pleura is thin, the 
biopsy should be performed 
against the ribs in order to 
eliminate the risk of bleeding. 
( e )  Left side  – costodiaphrag-
matic gutter with posterior 
parietal pleura where 
intercostal spaces and pleural 
fat are clearly visible (◻). The 
diaphragm on the  right side  of 
the picture (⚪). Left lower 
lobe ( star ). ( f )  Left side  – 
diaphragm with the costodia-
phragmatic gutter ( star ). Fat 
deposits are visible at this 
level. Left lower lobe (⚪). 
Posterior parietal pleura (◻). 
( g )  Left side  – anterior parietal 
pleura with internal mammary 
vessels ( arrow ). Surface of the 
lung ( star ). ( h )  Left side  
– fi ssure between the lower 
lobe (⚪) and the upper lobe 
(◻). Fibrin deposits on the 
surface of the posterior 
parietal pleura are visible 
( arrow )             
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 additional radiation therapy to minimize the 
occurrence of skin metastases.

7.4.2.5         End of Procedure 
 A drain should be inserted in every case at the 
end of the procedure. The optimal site and length 
for the chest drain is chosen under direct vision 
using the optic telescope. The drain is then 
directed blindly to that site at the end of the 

 procedure and fi xed to the skin with sutures. It is 
connected to an underwater seal and gentle step-
by- step suction is applied until complete 
 re- expansion of the lung has been achieved. 

 The duration of drainage depends on the pro-
cedure performed and on local policies. However, 
in our service, in patients who undergo diagnos-
tic thoracoscopy alone, the drain can be removed 
on the table (Fig.  7.27 ). If pleurodesis is 

  Fig. 7.22    Biopsy    technique 
(peeled parietal pleura ( star )). 
The pleural biopsies can be 
performed with a single point 
of entry (using an optical 
biopsy forceps) or through a 
second point of entry with 
jaws of the coagulating 
forceps ( arrow ). The biopsy 
should be taken against the rib 
when the pleura is thin so that 
the intercostal neurovascular 
bundle is not touched. On the 
view, the arrows and the star 
show the tip of the 5-mm 
double spoon forceps and the 
pleura specimen, respectively. 
(◼): intercostal muscle is 
visible after deep peeling 
pleural biopsy. (⚫): posterior 
parietal pleura       

  Fig. 7.23    A second point of 
entry must be done in a 
suitable location to allow the 
use of 5-mm insulated trocar 
(inserted picture,  bottom left ) 
for coagulating forceps 
(inserted picture,  bottom right )       
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  Fig. 7.25    For the treatment of 
chronic pleurisies (3–5 g) or 
spontaneous pneumothorax 
(1–2 g) is used. The talc 
should be sterile, free of 
asbestos and of a controlled 
granulometry (large particle 
size talc) preventing the talc 
from migrating and resulting 
in a systemic infl ammatory 
reaction (   Maskell  2004 ). 
A double- balloon atomizer 
(picture,  top ) or a disposable 
device (picture,  bottom  – 
Steritalc®, Novatech SA, 
France) can be used to 
insuffl ate the talc       

  Fig. 7.24    For a pleural 
symphysis, the goal is to 
obtain a light coating of 
dedicated talc on all pleural 
surfaces, both parietal and 
visceral       
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 performed, the drain needs to remain in situ for a 
longer period depending on the etiology of the 
pleural effusion.

   If the drain remains in situ, it is imperative that 
all staff are trained in the management of tube 

thoracostomy. Local policies should be imple-
mented for effective analgesia for patients. 

 All patients should go to a recovery room post 
thoracoscopy where there is adequate cardiore-
spiratory monitoring available. Full resuscitation 

  Fig. 7.26    In this case, the 
mass of talc has made the 
procedure ineffi cient. An 
attempted pleural symphysis 
will fail       

  Fig. 7.27    At the end of the 
procedure, a chest tube is 
inserted through the point of 
entry and connected to a 
suction device. A gradual 
increase of the suction is 
applied (never > 50 cmH 2 O) 
until full lung re-expansion 
has occurred. Ideally, the 
chest tube is directed 
posteriorly and pushed as 
close to the apex as possible. 
In case of pleurisy, fl uid 
drainage can be improved by 
making one or two extra holes 
on the radiopaque side of the 
inferior part of the chest tube. 
When thoracoscopy is 
performed for diagnosis of a 
pleural effusion, the tube may 
be quickly removed as shown 
on the picture (Breen et al. 
 2009 )       
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facilities are mandatory in the postoperative 
period.    

   Conclusion 

 Thoracoscopy is a safe and effective procedure 
in the assessment and management of pleural 
diseases. However, it is essential that patients 
are carefully selected and that their medical 
status is optimized prior to the intervention. 
Thoracoscopy is simple to perform, but all 
cases should be performed meticulously in a 
stepwise approach as outlined above. 
Physicians must be prepared for all eventuali-
ties, and, in particular, the chest drain and elec-
trocautery should be available from the outset 
so that complications can be minimized.     
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        What do we mean by the green zone? Here we 
describe the classical indications for thoracos-
copy that every pulmonologist interested in 
this technique should be able to practice easily 
after proper training. On one hand thora-
coscopy is a diagnostic tool improving the 
 diagnostic yield of malignant diseases or non-
malignant pleural effusions such as tuberculo-
sis in almost 100 % of the cases. On the other 
hand it is also an effi cient therapeutic tool 
which allows control of pleural effusions 

responsible for breathlessness in patients with 
important such effusions and  effi ciently pre-
vents further recurrence of pneumothorax by 
talc pleurodesis. As recently shown, talc if 
properly chosen and used is innocuous con-
trary to the talc used, for instance, in Brazil 
and North America. Talc pleurodesis under 
thoracoscopy is safe as recently shown in 
Europe by two large prospective studies in 
malignant pleural effusion and treatment of 
recurrence of spontaneous pneumothorax.   

        P.   Astoul      (*) 
  Division of Thoracic Oncology, Pleural Diseases, 
and Interventional Pulmonology ,  Hôpital NORD , 
  Marseille ,  France   
 e-mail: pastoul@ap-hm.fr   

    G.   Tassi      
  Division of Pneumology , 
 Spedali Civili di Brescia ,   Brescia ,  Italy   
 e-mail: gf.tassi@tin.it   

    J.-M.   Tschopp      
  Département de Médecine Interne
Centre valaisan de pneumologie , 
 CHCVs ,   Montana   3963 ,  Switzerland   
 e-mail: jean-marie.tschopp@hopitalvs.ch  

 8      The Current Practice of Medical 
Thoracoscopy 

              Philippe     Astoul     ,     GianFranco     Tassi     , 
and     Jean-Marie     Tschopp    



87P. Astoul et al. (eds.), Thoracoscopy for Pulmonologists, 
DOI 10.1007/978-3-642-38351-9_9, © Springer-Verlag Berlin Heidelberg 2014

9.1           Introduction 

 Malignant neoplasms are the second leading cause 
of death in the USA (Hoyert et al.  2006 ). Almost 
all neoplasms can metastasize to the pleura during 
their history, either as the initial presentation of 
cancer or during disease progression (Valdes et al. 
 1996 ). Every year, up to 150,000 cases of malig-
nant pleural effusion are reported in the USA 
(Valdes et al.  1996 ). The optimal work-up for an 
undiagnosed pleural effusion remains a real prob-
lem for physicians (Froudarakis  2008 ). In devel-
oped countries, where the incidence of tuberculosis 
is low, a patient presenting with an undiagnosed 
pleural effusion has a signifi cant likelihood of 
malignancy. Indeed, more than 50 % of the cases 
of undiagnosed pleural effusion are due to carcino-
mas; the second most common diagnosis (10 %) is 
tuberculosis (Valdes et al.  1996 ). 

 Carcinoma of the lung is the most common 
cause of malignant pleural effusion with 641 
cases out of 1,783 patients (36 %) reported in a 
meta-analysis (Sahn  1998 ). All histological sub-
types of bronchogenic carcinoma can result in a 
pleural effusion (Johnston  1985 ). The most fre-
quent histology reported is adenocarcinoma – 
accounting for approximately 40 % of the 
cases – as it is more likely to occur in the lung 

periphery adjacent to the pleura, which may be 
directly invaded by the tumor. The second most 
common histological subtype is small-cell lung 
carcinoma, a highly invasive tumor, accounting 
for about 25 % of the cases (Johnston  1985 ). 
Breast carcinoma is the most common non-pul-
monary cause of malignant pleural effusion rang-
ing from 16 to 25 % of the cases (Sahn  1998 ). All 
neoplasms have been associated with pleural 
pathology, such as lymphomas (11 %), genitouri-
nary (9.4 %) or gastrointestinal (7 %) carcino-
mas, while pleural carcinoma of unknown origin 
is reported in less than 8 % of cases (Table  9.1 ) 
(Johnston  1985 ; Antunes and Neville  2000 ).

   Pleural effusion is usually diagnosed by a sim-
ple chest radiograph and/or computed tomogra-
phy. In lung cancer, its presence is associated with 
advanced stage disease (M1a) and therefore with 
poor prognosis (Mountain  1997 ). However, in 
some cases, pleural effusion may be due to posto-
bstructive pneumonia or atelectasis, venous 
obstruction by tumor compression, or lymphatic 
obstruction by mediastinal lymph nodes, and 
therefore it is not associated with direct pleural 
involvement (Antony et al.  2001 ). The confi rma-
tion of a benign pleural effusion in the setting of 
confi rmed malignancy will have a major impact on 
treatment options and therefore prognosis. When 
pleural cytology is negative, thoracoscopy must be 
performed in order to evaluate the extent of the 
disease and confi rm malignant infi ltration of the 
pleura if present (Rodriguez Panadero  1995 ). 
Thoracoscopy also provides information about the 
extent of the disease especially in non-small- cell 
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lung cancer (NSCLC) and mesothelioma. In 
NSCLC a positive thoracoscopy defi nes M1a dis-
ease, which excludes surgical resection and indi-
cates a poor prognosis for the patient. In the case 
of a patient with NSCLC and pleural effusion, a 
negative thoracoscopy indicates a paramalignant 
effusion, and therefore the patient may be a candi-
date for radical surgery, with a presumed better 
prognosis. Thoracoscopy may have a role in early 
stage mesothelioma – the fi ndings at the time of 
the procedure may suggest a role for multimodal-
ity treatments including extrapleural pneumonec-
tomy. On the contrary, in a patient with known 
metastatic carcinoma or poor performance status 
(PS), establishing whether or not an effusion is 
malignant might not be necessary, since survival 
will be poor in either case.  

9.2    Pathogenesis of Malignant 
Pleural Effusion 

 The occurrence of a pleural effusion in malig-
nancy is usually secondary to obstruction of the 
lymphatic drainage from the pleural space, such 
as pleural thickening by widespread carcinomato-
sis, obstruction caused by infi ltration of mediasti-
nal lymph nodes, or obstruction caused by tumor 
emboli (Rodriguez-Panadero et al.  1989 ; Meyer 
 1966 ; Chernow and Sahn  1977 ). In addition a 
local infl ammatory reaction to tumors next to the 
pleura might play an important role in the devel-
opment of pleural effusions by increasing capil-
lary permeability (Leff et al.  1978 ). These 
mechanisms explain the predominance of lym-
phocytes in malignant pleural effusion, although 
their role in the pathogenesis remains unclear. 
However, T lymphocytes might have an important 

role in host versus tumor local defense in malig-
nant pleural effusions (Domagala et al.  1978 ). 

 The underlying mechanisms of pleural effu-
sion due to neoplasms have been reported in post-
mortem studies (Rodriguez-Panadero et al.  1989 ; 
Meyer  1966 ). Most of the patients had both pari-
etal and visceral pleura infi ltration. It was shown 
that invasion of the parietal pleura is due to neo-
plastic spread across the pleural cavity from the 
visceral pleura along pleural adhesions which 
have been preformed or secondary to the malig-
nant process. In addition, the parietal pleura is 
invaded by the attachment of exfoliated cells from 
the visceral pleura. The visceral pleura might be 
involved by direct pulmonary arterial invasion 
and embolization (Meyer  1966 ). When the tumor 
infi ltrates blood vessels directly, and/or occludes 
venules, a bloody pleural effusion may occur. 
Another mechanism of hemorrhagic pleural effu-
sion might be associated with capillary dilatation 
due to release of vasoactive substances (Meyer 
 1966 ; Chernow and Sahn  1977 ). Bilateral pleural 
metastases are due to hematogenous spread to the 
contralateral hemithorax (Meyer  1966 ). 

 Nonmalignant pleural effusions (paramalig-
nant) may occur due to bronchial obstruction 
causing atelectasis or pneumonia with an associ-
ated parapneumonic effusion. In this situation the 
effusion is due to a mechanical obstruction with-
out malignant cell infi ltration of lymphatics or 
blood vessels. Lung carcinoma is also frequently 
associated with heart failure, as both broncho-
genic carcinoma and heart disease have the same 
risk profi les. Thus, pleural effusion may be a 
transudate due to heart failure. The same fi nding 
may be observed in patients with bronchogenic 
carcinoma and hepatic insuffi ciency. In some 
patients there is an association between pulmo-
nary embolism and pneumothorax (Kabnick 
et al.  1982 ) with bronchogenic carcinoma.  

9.3    Clinical Presentation of 
Malignant Pleural Effusion 

 A pleural effusion in patients with neoplasm 
may present in two distinct clinical situations: as 
a presenting symptom, i.e., during the work-up a 

   Table 9.1    Primary carcinoma in patients with metastatic 
pleural effusion (Froudarakis  2008 )   

 Lung carcinoma  37 % 
 Breast carcinoma  16.8 % 
 Lymphoma  11.5 % 
 Genitourinary carcinomas  9.4 % 
 Gastrointestinal carcinomas  6.9 % 
 Other carcinomas  7.3 % 
 Unknown primary  10.7 % 

M. Froudarakis
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previously unknown carcinoma, or presenting 
as a pleural effusion during the evolution of a 
known carcinoma. The diagnostic approach, 
although basically the same, must be specifi c to 
each case as the patient’s prognosis is dependent 
on it. In the former, the pleural effusion is dis-
covered after the patient consult s  his physician 
for progressively worsening dyspnea, dry cough, 
lateral thoracic pain, or hemoptysis. General 
constitutional symptoms may also be present, 
such as fever, weight loss, loss of appetite, and 
impairment of activities of daily living (ADLs). 
Only 25 % of patients are totally asymptomatic 
despite the presence of a pleural effusion on 
imaging studies   . Typically there is evidence of a 
pleural effusion on the physical examination 
which is confi rmed by chest X-ray, which also 
demonstrates the extent of the pleural process 
(Hyde and Hyde  1974 ; Cohen  1974 ; Scagliotti 
 1995 ).  

9.4    Imaging 

 Pleural effusions may be free-fl owing or locu-
lated (White et al.  1993    ). The chest X-ray may 
also demonstrate the likely cause of the pleural 
effusion, such as a peripheral lesion in contact 
with the thoracic wall or a central lesion with 
associated atelectasis or obstructive pneumonia. 
It may also provide useful information on asso-
ciated fi ndings, such as pericardial effusion, air 
in the pleural space, or mediastinal lymph node 
enlargement (White et al.  1993 ; Romney and 
Austin  1990 ; Woodring  1990 ). In 15 % of cases 
however, the chest X-ray is negative. A lateral 
chest X-ray may assist in these cases (White 
et al.  1993 ). 

 Pneumothorax is a rare manifestation of lung 
cancer and may be associated with pleural effu-
sion. It was estimated that the occurrence of air in 
the pleural space is less than 1 % in patients with 
lung cancer (Kabnick  1982 ; Steinhausling and 
Cuttat  1985 ; Woodring  1990 ). Also, lung cancer 
is the cause of only 0.05 % of pneumothorax 
cases (Steinhausling and Cuttat  1985 ). A pneu-
mothorax may develop as a complication of a 
bronchopleural fi stula secondary to both pleural 

and bronchial infi ltration by the tumor, from a 
peripheral necrotizing tumor invading the pleura 
or from obstructive hyperinfl ation due to central 
obstruction (Steinhausling and Cuttat  1985 ; 
Woodring  1990 ). In most of the cases, pneumo-
thorax occurs when lung cancer is already at an 
advanced stage (Woodring  1990 ). 

 The extension of the neoplasm to the pleura can 
also be assessed by chest computed tomography 
(Mountain  1997 ; Au and Thomas  2003 ). Chest 
computed tomography is sensitive in recognizing 
a pleural effusion, but cannot identify its possible 
malignant nature (McLoud  1998 ; Armstrong et al. 
 1995 ). However, some patterns may indicate 
malignancy, such as a pleural thickness over 1 cm 
indicating pleural carcinomatosis (Leung  1990 ). It 
is controversial whether computed tomography is 
more sensitive than the standard chest X-ray in 
recognizing associated fi ndings such as a periph-
eral nodule and/or mass infi ltrating the thoracic 
wall, the diaphragm, or the mediastinum 
(Armstrong et al.  1995 ; Glazer et al.  1989 ; Rato 
et al.  1991 ), as soft tissue swelling may be due to 
infl ammation and/or fi brosis rather than direct 
infi ltration of tumor (Pearlberg et al.  1987 ; Wang 
et al.  2004 ). Also, it appears that focal chest pain is 
more accurate than chest computed tomography in 
predicting chest wall invasion (Glazer et al.  1985 ). 
Computed tomography may also reveal mediasti-
nal lymphadenopathy or associated pathology in 
the contralateral lung or pleura. The presence of 
these fi ndings may be indicative of the malignant 
nature of the pleural effusion (Woodring  1990 ; 
Leung et al.  1990 ; Glazer et al.  1985 ). 

 Magnetic resonance imaging is less sensitive 
than computed tomography in diagnosing a pleu-
ral effusion (Au and Thomas  2003 ; McLoud 
 1998 ; Webb  1989 ). On T1-weighted images the 
signal from the fl uid is very low and therefore 
may not be detected, although characteristic 
brightening on T2-weighted images allows detec-
tion (Au and Thomas  2003 ; Webb  1989 ; 
Templeton et al.  1990 ). In addition, magnetic 
resonance imaging has the same limitations as 
computed tomography in recognizing chest wall, 
mediastinal, pericardial, or diaphragmatic infi l-
tration (Armstrong et al.  1995 ; Webb  1989 ; 
Templeton et al.  1990 ). 
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 In malignant pleural disease, chest imaging 
with positron emission tomography (PET) using 
fl uorine 18-labeled fl uorodeoxyglucose (FDG) 
has a sensitivity ranging from 93 to 100 % and 
specifi city from 67 to 89 %. The negative predic-
tive value of the PET ranges from 94 to 100 % 
and its positive predictive value from 63 to 94 % 
(Duysinx et al.  2004 ; Erasmus et al.  2000 ; 
Schaffl er et al.  2004 ). False-positive results occur 
in patients with any other infl ammatory process 
such as parapneumonic effusions or pleurodesis 
after talc instillation (Wang et al.  2004 ; Kwek 
et al.  2004 ). When PF cytology is negative, a 
negative PET-FDG scan provides the most useful 
clinical information for ruling out a pleural effu-
sion of malignant etiology (negative predictive 
value) (Wang et al.  2004 ). 

 Ultrasound is another noninvasive method for 
investigating the pleura (Herth  2004 ). Although its 
major indication is loculated pleural effusions usu-
ally due to infection, it may be also helpful in 
patients with a low performance status who are 
unsuitable for a more sophisticated examination, 
such as computed tomography of the thorax 
(O’Moore et al.  2004 ; Lipscomb et al.  1981 ). 
Ultrasound sensitivity in setting of pleural effusion 
is 92 % alone; combined with the standard chest 
radiograph, it is 98 % (Lipscomb et al.  1981 ; 
Henschke et al.  1989 ). It also assists in the recogni-
tion of associated fi ndings such as pleural thick-
ness, pleural or subpleural tumors, and parenchymal 
masses (Herth  2004 ; Yang et al.  1992 ).  

9.5    Pleural Thoracentesis 

 The associated chemistry of pleural fl uid in 
patients with malignancy has been the subject of 
many reports. There are no specifi c features of 
pleural fl uid chemistry from patients with lung 
carcinoma when compared to those with extra-
pulmonary malignancy to the pleura (Sahn  1982 ; 
Sahn  1998 ). Thus, as in other malignant pleural 
effusions, we expect to fi nd an exudate, with a 
protein concentration >3 g/dL levels (or pleural 
to serum protein ratio >0.5) and lactate dehydro-
genase (LDH) >200 IU/L (or pleural to serum 
LDH ratio >0.6) (Light et al.  1972 ,  1973a ). 

 Some pleural fl uid fi ndings are useful in con-
fi rming the diagnosis (Table  9.2 ). In approximately 
30 % of cases, the pH will be less than 7.30 and 
glucose levels less than 0.6 g/dL (or the ratio of 
pleural to serum glucose <0.5) (Light  1995 ; 
Light et al.  1973b ; Berger and Maher  1971 ; 
Chavalittamrong et al.  1979 ; Good et al.  1985    ). 
Low pleural fl uid pH (<7.20) may indicate trapped 
lung, a shorter expected  survival, and a higher prob-
ability of a failed pleurodesis (Sanchez-Armengol 
and Rodriguez-Panadero  1993 ; Sahn  1998 ; 
Rodriguez-Panadero and Antony  1997 ). However, 
Aelony et al. reported that thoracoscopic talc pou-
drage was successful in 88 % of patients with 
malignant pleural effusion despite the low pH 
(Aelony et al.  1998 ). In malignant pleural effusions, 
when both low pH and glucose are present, there is 
an association with marked pleural thickening and 
inhibition of transfer between the pleural space 
and the systemic circulation (Rodriguez-Panadero 
and Lopez Mejias  1989 ). In rare occasions the pleu-
ral fl uid is a transudate due to associated diseases 
such as congestive heart failure, atelectasis from 

    Table 9.2    Pleural fl uid tests in patients with exudative 
pleural effusion   

 Test of pleural 
fl uid  Test value  Probability 

 pH  <7.30  In 30 % of malignant 
PE 

 Glucose  <0.6 g/dl  In 30 % of malignant 
PE 

 Red cells  >100,000/ml  High probability for 
malignancy 

 Lymphocytes  >50 %  Probable malignancy, 
do not rule out TB 

 Adenosine 
deaminase 
(ADA) 

 >40 U/L  High probability for 
TB (used in countries 
with high TB 
incidence) 

 Eosinophils  >10 %  Also present in 
malignancy 

 Cytology  >0  Malignant PE 
 Cytology  <0  Do not rule out 

malignancy 
 PCR for TB  <0  Rule out TB 
 Aneuploidy  >0  High probability for 

malignancy 

   PE  pleural effusion,  TB  tuberculosis,  PCR  polymerase 
chain reaction  
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 bronchial obstruction, or hypoalbuminemia 
(Chernow and Sahn  1977 ; Sahn  1982 ). Tests to 
defi ne whether the fl uid is an exudate or transudate 
are not diagnostic, but provide a probability as to the 
likely nature of a pleural effusion (Heffner  1998 ).

   Leukocytes in malignant pleural fl uid are rela-
tively low with mean values ranging from 2,000 
to 2,500 cells/mL (Sahn  1998 ; Chernow and 
Sahn  1977 ). While the total amount of leukocytes 
is not helpful in the differential diagnosis, the 
type of cell is important. In malignant pleural 
effusions we may fi nd the proportion of lympho-
cytes to be greater than 50 % (Chernow and Sahn 
 1977 ; Domagala et al.  1978 ). Neutrophils usually 
represent less than 25 % (Sahn  1998 ), while total 
eosinophils are low (7–10 %) (Kuhn et al.  1989 ; 
Rubins and Rubins  1996 ). Other nucleated cells 
may be found, such as macrophages and meso-
thelial cells. Erythrocytes (Table  9.2 ) average 
about 40,000–50,000 cells/mL, however, with a 
wide range dependent on the etiology, from none 
to hemothorax (Chernow and Sahn  1977 ). 

 Several tumor markers, such as carcinoembry-
onic antigen (CEA), CA-125, CA 19-9, CYFRA 
21-1, and NSE, have been tested in patients with 
malignant pleural effusions (Cascinu et al.  1997 ; 
Alatas et al.  2001    ). Although results seem to be 
contradictory as to the usefulness of these markers 
in the differential diagnosis of pleural effusions 
even when comparing patients with malignant and 
nonmalignant effusions, some authors propose 
specifi c tumor markers for the diagnosis of pleural 
effusions due to bronchogenic carcinoma (Menard 
et al.  1993 ). A reasonable compromise may be that 
tests should be performed in a selected population 
of patients with negative cytology and a “suspect” 
clinical outcome (Falcone et al.  1996 ). Recently, a 
number of reports have emerged, studying various 
novel markers, such as oncogenes (Stoetzer et al. 
 1999 ), various cytokines involved in infl ammation 
(Alexandrakis et al.  2000 ), or matrix metallopro-
teinases (Hurewitz et al.  1992 ) as predictive or 
prognostic indicators of malignant pleural effu-
sions. Until now, none of these markers have 
proved their usefulness even in differentiating 
malignant from benign pleural effusions. 
Generally, biochemical or biological markers in 
the malignant pleural effusions, as well as in the 

serum, cannot replace the routine cytopathological 
examination in the diagnosis of the disease (Marel 
et al.  1995    ). 

 A diagnosis of malignant pleural effusion can 
be made only when cancer cells are found in the 
pleural fl uid. The fi rst step in the assessment is 
cytological examination of the pleural fl uid 
obtained at the time of thoracentesis (Sahn  1998 ; 
Antony et al.  2001 ). Cytologists face two major 
problems: to prove malignancy by confi rming the 
presence of malignant cells and, in addition, to 
establish the organ of origin of those malignant 
cells. The diagnostic accuracy of the cytological 
examination of the pleural fl uid varies from series 
to series. It is very low for some authors ranging 
from 15 to 35 % (Storey et al.  1976    ; Salyer  1975 ), 
while very high for others ranging from 80 to 
90 % (Johnston  1985 ; Light et al.  1973a    ). This 
yield is increased only slightly (approximately 
20 %) if repeated cytology specimens are sent 
(Johnston  1985 ). The cytological yield is higher 
for adenocarcinoma and when smears and blocks 
are used (Johnston  1985 ). Variations in diagnos-
tic yield are due to various factors including the 
stage of the disease and the origin of the primary 
malignancy (Antony et al.  2001 ).  

9.6    Minimally Invasive 
Techniques 

 Blind pleural biopsy have similar results to pleu-
ral cytology (Salyer et al.  1975 ). However, the 
combination of both techniques seems to improve 
the diagnostic yield (Johnston  1985 ; Antony 
et al.  2001 ). The low diagnostic yield of closed 
pleural biopsy is explained by a number of fac-
tors including minimal pleural extension; local-
ization of tumors in regions of the pleura 
unreachable by biopsy needle, including the vis-
ceral pleura (Canto et al.  1983 ); and the level of 
experience of the physician (Walshe et al.  1992 ). 
Furthermore, the diagnostic yield of blind biopsy 
increases with the number of specimens taken in 
malignant pleural effusion (Jimenez et al.  2002 ). 
At least four biopsy samples are needed for accu-
rate diagnosis (Jimenez et al.  2002 ). Since malig-
nant pleural invasion is preferentially located at 
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the bases of the hemithorax, it is recommended 
the sample be taken from the lowest region of the 
costal pleura in order to achieve a higher diagnos-
tic success (Canto et al.  1983 ; Rodriguez- 
Panadero et al.  1989 ). However, Prakash reported 
that only 20 out of 281 patients (7 %) with malig-
nant pleural effusion and initially negative fl uid 
cytology had a closed biopsy which confi rmed 
the disease (Prakash and Reiman  1985 ). 
Therefore, this result argues against performing 
concurrent thoracentesis and closed biopsy as an 
initial step, when a malignant origin for the pleu-
ral effusion is suspected. In cases with initial 
negative cytology and an indeterminate exudative 
pleural effusion, it may then be reasonable to 
repeat the thoracentesis with a pleural biopsy. 
However, negative pleural cytology and closed 
biopsy do not rule out a malignant origin for the 
pleural effusion. On the contrary, both techniques 
are indicated as the initial approach when consid-
ering a tuberculous pleural effusion as the diag-
nostic yield from the biopsy is consistently higher 
than that found in malignant disease (Prakash 
and Reiman  1985 ; Loddenkemper et al.  1978 ). 

 When pleural thoracentesis and/or biopsy 
does/do not show malignant cells, and lung carci-
noma is highly suspected, it is reasonable to per-
form a fi ber-optic bronchoscopy, since it may 
help in obtaining a diagnosis (Vergnon and 
Froudarakis  1999 ). Pleural effusions of unknown 
origin after the initial work-up are associated 
with bronchogenic carcinoma in about 30 % of 
the cases (Vergnon and Froudarakis  1999 ; Poe 
et al.  1994 ). In addition, fi ber-optic bronchos-
copy is important in assessing the extent of the 
disease in the tracheobronchial tree, which may 
be important for the patient’s treatment and prog-
nosis (Vergnon and Froudarakis  1999 ).  

9.7    Thoracoscopy in the 
Diagnosis of Malignant 
Pleural Effusion 

 Thoracoscopy is the “gold standard” in the diag-
nosis of pleural effusion, and it is indicated when 
less invasive tests have failed (Maskell and Butland 
 2003 ; Colt  1999 ; Mathur et al.  1995 ; Boutin and 

Astoul  1998    ). Thoracoscopy is a simple and safe 
method and should be the procedure of choice in 
the diagnosis of an exudative pleural effusion 
(Mathur et al.  1995 ; Boutin and Astoul  1998 ). This 
minimally invasive method can be performed by a 
pulmonologist under local anesthesia in the endos-
copy suite, thus sparing the patient more invasive 
techniques such as video- assisted thoracic surgery 
(VATS) or open thoracotomy as performed by the 
thoracic surgeons under general anesthesia with 
selective ventilation in an operating theater 
(Mathur and Loddenkemper  1995 ). Before per-
forming a thoracoscopy and to minimize compli-
cations, the performance status and expected 
benefi t in terms of patient’s overall survival should 
be considered. Other relative contraindications 
such as coagulation disorders, with or without 
anticoagulant therapy; thrombocytopenia; severe 
respiratory insuffi ciency with hypercapnea; and 
unstable cardiac status must also be ruled out and 
if possible corrected prior to undertaking the tho-
racoscopy (Froudarakis  2008 ; Rodriguez-
Panadero et al.  2006 ). 

 The sensitivity of thoracoscopy ranges from 
92 to 97 % (Boutin et al.  1981 ,  1993a ), and its 
specifi city is 99–100 % (Boutin et al.  1981 ,  1993 
b ; Roeslin et al.  1992 ) for patients with a malig-
nant pleural effusion (Table  9.3 ). The diagnostic 
sensitivity of thoracoscopy does not alter accord-
ing to the origin of the malignant pleural effu-
sion: it is 96 % for lung carcinomas, 92 % for 
mesotheliomas, and 96 % for extrathoracic meta-
static malignancies (Antony et al.  2001 ). Biopsies 
may be taken not only from the parietal, but also 
from the visceral and diaphragmatic pleuras, 
since during thoracoscopy the whole pleural cav-
ity is inspected under direct vision (Boutin et al. 
 1981 ; Loddenkemper  1998 ). In addition, there is 
the possibility to perform lysis of adhesions 
which may have limited the access to the pleural 
cavity (Antony et al.  2001 ; Rodriguez-Panadero 
et al.  2006 ). It appears that the recently developed 
semirigid (or semifl exible, or fl ex-rigid) thoraco-
scope has the same diagnostic accuracy as the 
classical rigid one (Ernst et al.  2002    ; Lee  2007 ). 
However, problems exist as biopsies are usually 
of a smaller size than those done with the rigid 
scope, as it utilizes a fl exible forceps (same as 
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fl exible bronchoscopy) (Lee and Colt  2005a ). 
This is especially an issue in patients suspected 
of malignant mesothelioma, where large biopsies 
are needed for accurate histological subtyping 
(Froudarakis  2008 ). The role of thoracoscopy 
with autofl uorescence in undiagnosed pleural 
effusions is still under investigation. Primary 
results showed a high sensitivity (100 %) but low 
specifi city (75 %) for malignant pleural effusion 
due to false-positive fl uorescence of nonspecifi c 
pleuritis (Chrysanthidis and Janssen  2005 ).

   Macroscopically, the lesions seen during 
 thoracoscopy may vary from polypoid tumors, 
masses, “candle wax drops” (Fig.  9.1 ), nodules, 
and/or pleural thickening – diffuse or localized, 
with associated islands of metastatic invasion 
from uninvolved pleura (Colt  1999 ; Mathur 
et al.  1995 ; Boutin and Astoul  1998 ; Rodriguez- 
Panadero et al.  2006 ). Also, nonspecifi c infl am-
mation, localized or diffuse, may be observed, 
which has to be biopsied (Canto et al.  1983 ). 
Biopsies of the parietal pleura should be per-
formed over a rib so as to avoid the neurovascu-
lar bundle. The closed forceps should be fi rst 
used to probe the rib in order to feel the hard 

undersurface; this is followed by the grasping of 
the parietal pleura overlying it and removing the 
pleura with a long tearing motion (“peeling”), 
rather than a “grab and pull” (Lee and Colt 
 2007 ). Multiple biopsies have to be taken (>10) 

   Table 9.3    Diagnostic accuracy of thoracoscopy for malignant pleural effusion   

 Series  Patients ( n )  Thoracoscopy ( n ) 

 Malignancy with 
thoracoscopy/total pleural 
malignancies (%) 

 True benign 
disease ( n ) 

 Idiopathic 
pleuritis ( n ) 

 De Camp et al (1973)  126  121  47/50 (94 %)  32  44 
 Canto et al (1977)  208  172  129/137 (94 %)  12  59 
 Weissberg et al (1980)  127  73  69/69 (100 %)  –  – 
 Boutin et al (1980)  233  195  131/150 (88 %)  25  40 
 Boutin et al ( 1981 )  215  215  131/150 (87 %)  25  40 
 Page et al (1989)  121  107  90/91 (99 %)  15  15 
 Wu et al (1989)  152  152  71/74 (96 %)  63  15 
 Hucker et al (1991)  102  102  61/76 (80 %)  5  21 
 Menzie et al (1991)  102  91  42/44 (96 %)  31  22 
 Ohri et al 1992  56  56  37/38 (97 %)  11  7 
 Harris et al. ( 1995 )  182  124  70/73 (96 %)  25  26 
 Colt ( 1995 )  52  28  12/12 (100 %)  14  2 
 Hansen et al (1998)  147  147  91/103 (88 %)  11  33 
 Janssen et al ( 2004 )  709  709  318/349 (91 %)  183  177 
 Ferrer et al (2005)  93  93  50/56 (89 %)  26  11 
 Sakuraba et al (2006)  138  138  37/39 (95 %)  40  58 
 Simpson (2007)  89  89  73/77 (94.5 %)  –  – 
 Fletcher et al (2007)  50  50  40/42 (95 %)  3  4 
 Lee et al ( 2007 ) (fl ex-rigid)  51  51  34/36 (94 %)  13  2 

  Fig. 9.1    Candle wax metastatic nodules on the pericar-
dium of a 70-year-old patient with a pleural effusion from 
breast adenocarcinoma. Note the diffuse invasion of the 
parietal pleura       
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of the abnormal areas as well as additional 
“bites” of the same area (deep biopsy) to obtain 
tissue of suffi cient depth for accurate diagnosis 
(Rodriguez-Panadero et al.  2006 ; Lee and 
Colt  2007 ).

   Survival of patients with malignant pleural 
effusion is very much related to the primary 
tumor, with ovarian tumors having the longest 
survival and lung tumors the shortest (Lee and 
Colt  2007 ; Froudarakis  2009 ). The biopsies taken 
must be of signifi cant number and size in order to 
identify tumor invading the pleura and to perform 
additional investigations such as hormonal recep-
tors in the case of breast carcinoma (Schwarz 
et al.  2004 ). Lymphoma is also diffi cult to diag-
nose by thoracentesis and closed biopsy, and tho-
racoscopy should be performed if this tumor is 
suspected, and initial investigations are negative 
(Alifano et al.  1997 ; Celikoglu et al.  1992 ). 
Lymphomatous pleural effusion usually results 
from impaired lymphatic drainage of the pleural 
space as well as from direct pleural involvement 
(Steiropoulos et al.  2009    ). Large and numerous 
biopsy specimens are necessary for immunohis-
tochemistry/molecular techniques to identify and 
subclassify lymphomas (Fig.  9.2 ) (Celikoglu 

et al.  1992 ; Alifano et al.  1997 ; Steiropoulos 
et al.  2009 ).

   Some authors have attempted to identify fea-
tures which would give a high pretest probability 
of malignancy. Martensson performed logistic 
analysis using seven variables (the patient’s sex, 
age, smoking habits, asbestos exposure, size of 
effusion, pleural fl uid color, and eosinophils) to 
discriminate malignant from nonmalignant dis-
ease in 334 patients with undiagnosed pleural 
effusion, in order to better select patients for 
diagnostic thoracoscopy (Martensson  1989 ). His 
predictions were correct in 79 % of the effusions; 
the strongest variable for malignancy was the 
presence of a bloody effusion. On the contrary, 
the variables with the strongest negative predic-
tive value for malignancy were the presence of 
eosinophils (>30 %) in the pleural fl uid as well as 
patient age younger than 50 years (Martensson 
 1989 ). Harris has published a series of 182 
patients with undiagnosed pleural effusion who 
underwent thoracoscopy for diagnosis. He 
observed that a previous history of malignancy 
and an age older than 50 years were statistically 
signifi cant as positive predictors for identifying 
malignancy by thoracoscopy. The combination of 
high pleural LDH, lymphocytosis, and hemor-
rhagic fl uid was associated with intrapleural 
malignancy, and therefore, patients with those 
characteristics should undergo diagnostic thora-
coscopy. In the same study, patient management 
was directly affected by thoracoscopy in 85 % of 
patients (Harris et al.  1995 ). 

 In undiagnosed pleural effusions in developed 
countries, thoracoscopy has an absolute indica-
tion since the patient has a signifi cant likelihood 
of malignancy (Light  2006 ). Indeed, in devel-
oped countries, where the incidence of tuberculo-
sis is low, more than 50 % of the cases of 
undiagnosed pleural effusion are due to carcino-
mas, the second most common diagnosis being 
tuberculosis (10 %) (Boutin et al.  1981 ; Kendall 
et al.  1992 ; Harris et al.  1995 ). Post thoracos-
copy, less than 10 % of the cases, will have a 
diagnosis of nonspecifi c (idiopathic) pleuritis 
(Boutin et al.  1981 ; Harris et al.  1995 ). During 
the follow-up period of these patients, 4–8 % of 
patients will later present with a malignancy. 

  Fig. 9.2    Invasion of the parietal pleura from Hodgkin’s 
lymphoma as discovered during thoracoscopy in a 
39-year-old patient with a pleural effusion. In addition to 
the nodule, there is diffuse invasion of the parietal pleura 
as well as a mass within the mediastinum       
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Most of the cases (about 80 %) follow a true 
benign course with spontaneous resolution, while 
few cases are “idiopathic” (Janssen et al.  2004 ; 
Venekamp et al.  2005 ). 

 Janssen and associates have followed their 
208 patients with inconclusive thoracoscopy out 
of a total of 709 subjects who underwent thora-
coscopy for investigation of an undiagnosed 
pleural effusion; 391 cases (55 %) had malignant 
pleural disease and 183 (26 %) a true benign 
pleural effusion. A fi nal diagnosis of malignancy 
was achieved in 31 patients out of the 208 patients 
who underwent long-term follow-up (4.3 %) 
(Janssen et al.  2004 ). The overall mean interval 
between initial diagnostic thoracoscopy and the 
fi nal diagnosis was 4.4 months (range 4 days–
24 months). For mesothelioma, this mean inter-
val was 8.7 months. Therefore, after long-term 
follow-up the sensitivity of diagnostic thoracos-
copy was 91 % and the specifi city 100 %. The 
positive predictive value was 100 %, the negative 
predictive value 92 %. False-negative results 
were associated with pleural adhesions and a 
fi brinous layer on the pleura. They suggested a 
wait-and-see approach, in such a patient popula-
tion, unless repeated thoracocentesis suggests a 
progressive pleural process (Janssen et al.  2004 ). 
A recent study published by Venekamp and col-
leagues reported results from 60 evaluable 
patients with pleural effusion who remained 
undiagnosed after the initial thoracoscopy with a 
histological diagnosis of nonspecifi c pleuritis. 
The majority of those patients (92 %) followed a 
course of benign pleuritis, with only 8 % of the 
subjects proved to have a malignancy during a 
3-year follow-up period. However, in some 
(25 %) of the patients with true benign evolution, 
no cause was identifi ed and idiopathic pleuritis 
remained the fi nal diagnosis (Venekamp et al. 
 2005 ). 

 These fi ndings suggest that a histological 
diagnosis of nonspecifi c pleuritis does not neces-
sarily mean a benign pleural process. Therefore, 
we can conclude that when nonspecifi c pleuritis 
is diagnosed histologically, after initial thoracos-
copy for pleural effusion, a follow-up must be 
undertaken as a proportion of patients will mani-
fest malignancy at a later date. If there are any 

doubts at any moment during this follow-up 
period, a repeat thoracoscopy or another more 
invasive procedure should be undertaken for 
diagnosis.  

9.8    Thoracoscopy in Patients 
with Lung Cancer and 
Pleural Effusion 

 Lung cancer remains the most common fatal 
malignancy. Carcinoma of the lung is the most 
common cause of a malignant pleural effusion. 
The incidence of pleural effusion in patients with 
lung carcinoma ranges between 7 % (280 out of 
4,000 cases) and 23 % (5,888 out of 25,464 
cases) (Froudarakis  2009 ). Thoracoscopy is an 
important tool in the assessment of the extent of 
lung carcinoma within the pleural cavity (Canto 
et al.  1985 ; Roeslin and Kessler  1992 ; Rodriguez 
Panadero et al.  1995 ; Froudarakis  2009 ) 
(Fig.  9.3 ). If thoracocentesis is negative, thora-
coscopy can be performed to further assess the 
cavity and to detect localized or diffuse pleural 
infi ltration and in so doing determine – in cases 
of non-small-cell lung carcinoma (NSCLC) – the 
unresectable character of the tumor (M1a) 

  Fig. 9.3    A peripheral lung adenocarcinoma in a 46-year- 
old male, nonsmoker, presenting as an “undiagnosed” 
pleural effusion. Note the satellite nodule on the visceral 
pleura and the invasion of the parietal pleura       
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(Fig.  9.4 ) (Rodriguez-Panadero et al.  1989 ; Colt 
 1995 ). Several series have been published in the 
last decades, showing the utility of thoracoscopy 
in staging NSCLC. Generally these series con-
fi rm the low rate of resectability, ranging from 0 
to 36 %, and hence the poor prognosis, in patients 
with lung cancer and pleural effusion (Le Roux 
 1968 ; Rodriguez Panadero  1995 ). Many lung 
cancers, even in the setting of paramalignant 
pleural effusions, may be unresectable, due to the 
extent of the intrathoracic tumor. Limitations of 
thoracoscopy in recognizing the intrapleural 
extent of the disease exist, for example, localized 
disease may be missed and areas such as costo-
diaphragmatic angles and/or mediastinal pleura 
may be diffi cult to explore (Colt  1995 ).

    Patients with NSCLC and confi rmed malig-
nant pleural effusion are now classifi ed as 
IV-M1a, unresectable disease, according to the 
Mountain revised classifi cation (Mountain CF 
 AJCC TNM Staging , 7th edition), although it was 
already known since 1974 that NSCLC patients 
with malignant pleural effusion represented a 
group of patients with a particularly poor progno-
sis (Carr and Mountain  1974 ; Mountain et al. 
 1974    ). Malignant pleural effusion was previously 
classifi ed as IIIB-T4 disease; however, the poor 

prognosis associated with this manifestation is 
now accepted with a change in staging from T4 
to M1a. 

 Sugiura and collaborators compared the sur-
vival of 197 patients with stage IIIB disease with-
out pleural effusion, stage IIIB with pleural 
effusion, and stage IV disease as previously char-
acterized by the 6th AJCC TNM classifi cation. 
They found that the median survival of the three 
groups was 15.3, 7.5, and 5.5 months, respec-
tively. Survival curves for stage IIIB patients with 
effusion were signifi cantly worse than those for 
stage IIIB patients without effusion, but not sig-
nifi cantly different from stage IV patients. In 
addition, they found no signifi cant difference in 
survival whether pleural fl uid cytology was posi-
tive or negative; or the effusion was negative but 
exudative and/or bloody; and clinically judged 
malignant. Recently, the IASLC Lung Cancer 
Staging Project has reviewed the T and M stage 
of 18198 NSCLC patients (Rami-Porta et al. 
 2007 ; Postmus et al.  2007 ). Patients with pleural 
dissemination and classifi ed as T4 according to 
the previous Mountain classifi cation were 471. 
Five-year and median survival for those patients 
was 2 % and 8 months, respectively, versus 14 % 
and 13 months for defi ned T4 disease other than 

a b

  Fig. 9.4    ( a ) Segmental atelectasis of the left lower lobe 
caused by a central epidermoid carcinoma in a 65-year-
old smoker male, presenting with a negative pleural effu-
sion by cytology. ( b ) Paramalignant origin of the pleural 

effusion was confi rmed by revealing extensive invasion of 
the parietal pleura, thus staging the patient as locally 
advanced NSCLC (T4 disease- IIIB) at that time. This is 
now defi ned as M1a, stage IV disease       
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due to pleural effusion ( p  < 0.0001). Based on 
these observations it is more appropriate to clas-
sify patients with malignant pleural effusion due 
to NSCLC as having M1a, stage IV rather than 
T4, and stage IIIB disease, since both prognosis 
and management for these patients are similar to 
that for other stage IV disease (Goldstraw et al. 
 2007 ; Groome et al.  2007 ). 

 In small-cell lung carcinoma (SCLC), disease- 
free and overall survival of patients with ipsilat-
eral malignant pleural effusion appears to be 
worse than in patients with limited stage disease 
(LD) without pleural effusion, but better than 
those with extensive stage disease (ED) 
(Livingston et al.  1982 ; Shepherd et al.  1993 ; 
Perng et al.  2007 ). It has been suggested however 
that these patients should benefi t from the same 
treatment as LD (Livingston et al.  1982 ). 

 Shepherd and colleagues have reviewed the 
data from the SCLC database. Information con-
cerning the presence or absence of pleural effu-
sion or other distant sites was available for 1,258 
patients with otherwise defi ned LD disease 
(1,113 of whom were without pleural effusion, 
145 with pleural effusion) and 4,500 patients 
with ED with other defi ned metastatic sites. Of 
the 145 cases of limited disease with pleural effu-
sion, 81 were actually designated as ED without 
any other metastatic sites. These 81 were assumed 
to have LD with pleural effusion. Surgically 
managed cases were excluded. The survival of 
patients with LD with effusion (median survival 
12 months) is intermediate between those of 
patients with LD without effusion (median sur-
vival 18 months) and patients with ED (median 
survival 7 months) ( p  = 0.0001) The result of 
cytological examination of the pleural effusion 
was available for only 68 patients in the database. 
The survival of patients with LD and effusion, 
whether cytologically negative (median survival 
13 months) or positive (median survival 
12 months), remained intermediate between 
those of patients with LD without effusion 
(median survival 18 months) and patients with 
ED (median survival 7 months) ( p  = 0.0001) 
(Shepherd et al.  2007 ). 

 Their analysis showed that patients who have 
pleural effusion without extrathoracic metastases 

(M1a) have a survival that is intermediate 
between that of stage I–III without effusion and 
stage IV. Perng et al. reported a similar observa-
tion in a series of patients treated in Taiwan. 
Therefore, they recommended that pleural effu-
sion should be a stratifi cation parameter in clini-
cal trials for both LD and ED SCLC. Having even 
a small proportion of patients with pleural effu-
sion in LD trials could affect outcome signifi -
cantly if they are not well divided between 
studied groups. The authors did not make a clear 
statement concerning cytology-positive or nega-
tive effusions since they did not have enough 
patients in their analysis (Perng et al.  2007 ).  

9.9    Thoracoscopy in Malignant 
Pleural Mesothelioma 

 Malignant pleural mesothelioma (MPM) is a 
neoplasm with an increasing incidence and poor 
prognosis, since median survival is 12 months, 
with death resulting from respiratory failure. In 
the United States MPM occurs in about 2,500 
individuals every year, while 72,000 cases are 
expected to occur in the next 20 years. In Western 
Europe 5,000 patients die of the disease each 
year (Robinson and Lake  2005 ; Robinson et al. 
 2005 ). Malignant pleural mesothelioma is also 
the most diffi cult pleural malignancy to diagnose 
by cytology and closed biopsy (Ryan et al.  1981 ; 
Scherpereel  2007    ). Thoracoscopy is the method 
of choice to obtain the diagnosis of malignant 
pleural mesothelioma (MPM) when suspected on 
clinical or radiological grounds (Scherpereel 
et al. 2007). The diagnostic yield of thoracoscopy 
in MPM is >90 %. Boutin and Rey prospectively 
analyzed the records of 188 patients with malig-
nant pleural mesothelioma in order to compare 
the diagnostic value of thoracoscopic biopsy, 
fl uid cytology, and closed needle biopsy. They 
achieved a diagnosis by fl uid cytology in 26 %, 
needle biopsy in 21 %, combined fl uid cytology 
and needle biopsy in 39 %, and thoracoscopy in 
98 %. Thoracoscopy reduces the need for thora-
cotomy as it provides equal quantity and quality 
pleural biopsies for diagnosis (Boutin and Rey 
 1993 ). In addition, fi brohyaline or calcifi ed, 
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thick, pearly white pleural plaques may be found, 
diagnosing benign asbestos pleural effusion 
(BAPE) and excluding mesothelioma or 
 malignancies (Boutin and Astoul  1998 ). 
However, in case of macroscopically nonspecifi c 
pleural lesions, biopsies should be performed on 
the parietal pleura around the fi brohyaline 
plaques and in pleural zones marked by anthraco-
sis (Boutin et al.  1996 ; Boutin and Astoul  1998 ). 

 The appearance of malignant mesotheliomas 
is that of a fi rm, grayish tumor coalescing on the 
visceral and parietal pleural surfaces into discrete 
plaques and nodules (Fig.  9.5a ) (Boutin and 
Astoul  1998 ). The lung may be completely 
“strangled” by the tumor. Adjacent structures are 
involved at an advanced stage, with invasion of 
the chest wall, pericardium, diaphragm, and 
interlobar fi ssures. However, these endoscopic 
features depend on the stage of the disease. 
Lesions of MPM observed during thoracoscopy 
present macroscopically as nodules and masses 
associated with parietal pleural thickening 
(Boutin and Rey  1993 ). In some early stage 
patients, the presence of nonspecifi c lesions is 
noted. Pleural lymphangitis might also be pres-
ent, especially in the posterior and inferior 
regions of the parietal pleura, where lymphatic 

vessels are most numerous, and this may be asso-
ciated with irregula r  thickening. An important 
diagnostic fi nding is involvement of the visceral 
pleura and lung (Boutin et al.  1993  b ). These 
structures can be easily visualized during thora-
coscopy. The visceral pleura is always involved 
to a lesser degree than the parietal pleura, with 
the nodules less numerous and smaller (Fig.  9.5b ). 
In many cases, the visceral pleura appears macro-
scopically normal, but routine biopsy should be 
performed to assess further (Astoul  1999 ).

   An important point to consider in patients 
with MPM is that trocar introduction for thora-
coscopy (Boutin et al.  1995 ) but also pleural tho-
racentesis, closed pleural biopsy, and thoracotomy 
(Agarwal et al.  2006 ) may induce tumor seeding 
in the thoracic wall (Fig.  9.6 ). The incidence of 
this complication is 5–22 % for percutaneous 
imaging-guided needle biopsy (Metintas et al. 
 1995 ; Agarwal et al.  2006 ) and 16–40 % for tho-
racoscopy (Boutin et al.  1995 ; Agarwal et al. 
 2006 ), while thoracotomy has an incidence of 
24 % (Agarwal et al.  2006 ). These subcutaneous 
nodules are extremely painful, often impairing 
the patients’ quality of life. To prevent track seed-
ing in those patients, early local external radia-
tion therapy of 21 Gys is proposed on the site of 

a b

  Fig. 9.5    ( a ) Multiple masses of the parietal pleura in a 
patient with pleural effusion secondary to mesothelioma. 
( b ) Note the minimal involvement of the visceral pleura, 

comparing to the parietal pleura ( a ). In addition there    is 
homogenous mesothelial thickening of the visceral pleura 
strangling the lung parenchyma (trapping)       
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the trocar introduction 10–15 days after thoracos-
copy, with ex c ellent results (Boutin et al.  1995 ).

   Important prognostic factors in MPM are the 
histological type of the tumor with epithelial 
tumors having the better prognosis, sarcomatous 
the worst, and mixed tumors intermediate 
(Robinson and Lake  2005 ; Robinson et al.  2005 ). 
Thus the need for well-documented pleural his-
tology of the MPM is mandatory (Scherpereel 
 2007 ). Most of the clinical trials measuring effi -
cacy of different agents and survival of patients 
are based on biopsies taken transthoracically 
under thoracic imaging guidance (Vogelzang 
et al.  2003 ; van Meerbeeck et al.  2005 ). Closed 
biopsies from the pleural tumor may be diagnos-
tic under the guidance of chest computed tomog-
raphy or chest ultrasound (Adams et al.  2001 ; 
Herth  2004 ; Metintas et al.  1995 ; Rahman and 
Gleeson  2008 ). Both methods have comparable 
diagnostic yield in pleural mesothelioma, while 
their yield is poorer in extrathoracic pleural meta-
static disease (Macha et al.  1993 ; Adams et al. 
 2001 ; Rahman and Gleeson  2008 ). Rates of com-
plications such as pneumothorax or bleeding are 
rare (<10 %), and costs are lower for chest ultra-
sound comparing to CT (Adams et al.  2001 ; 
Herth  2004 ; Metintas et al.  1995 ; Rahman 
and Gleeson  2008 ). However, in MPM the situa-
tion is more complicated: different histological 

 mesothelioma subtypes may coexist in the same 
patient’s pleura (van Gelder et al.  1991 ; Greillier 
et al.  2007  b    ), and this signifi cantly affects the 
prognosis even after extrapleural pneumonec-
tomy for early stage disease (Boutin et al.  1993a , 
 b ; Greillier et al.  2007a ). 

 Staging patients with mesothelioma, before 
inclusion in therapeutic trials, is based on  imaging. 
Imaging may underestimate or miss mesothelioma 
tumor localized to the visceral, diaphragmatic, or 
mediastinal pleura, as well as pericardial and 
lymph node invasion (Webb  1989 ; Leung et al. 
 1990 ; Boutin et al.  1993  b ; McLoud  1998 ; Au and 
Thomas  2003 ; Wang et al.  2004 ). Thoracoscopy is 
therefore necessary in all patients with suspected 
mesothelioma for accurate histological diagnosis, 
staging, and prognosis as well as therapeutic man-
agement of the effusion (Boutin et al.  1993  b ; Tassi 
et al.  1997 ; Astoul  1999 ,  2005 ; Greillier et al. 
 2007b ). All patients should undergo thoracoscopy 
before being included in therapeutic trials since 
response rates and survival depend very much 
on thoracoscopic parameters. Improvement in 
response rates and survival benefi ts as reported in 
clinical trials in patients with MPM should be 
interpreted with caution especially when only per-
cutaneous biopsy confi rmation and/or clinico-
radiological staging of the disease was performed 
(Karpathiou et al.  2007 ).  

  Fig. 9.6    A subcutaneous 
malignant nodule which has 
developed at the site of trocar 
insertion for a previous 
medical thoracoscopy in a 
patients with a malignant 
pleural mesothelioma 
 (Courtesy Ph Astoul, 
Marseille, France)        
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   Conclusion 

 Thoracoscopy in patients with undiagnosed 
pleural effusion is an important diagnostic 
tool, since noninvasive techniques have a low 
diagnostic yield (Table  9.4 ). More than 50 % 
of those patients will be diagnosed as having a 
malignancy if resident in countries with a low 
incidence of tuberculosis. Histological diag-
nosis of primary tumor in patients with pleural 
effusion and good performance status is 
important, since patients’ treatment and prog-
nosis relies on it. In addition, in patients with 
NSCLC and pleural effusion, thoracoscopy 
differentiates malignant from paramalignant 
etiologies which would result in totally differ-
ent therapeutic approaches. Finally, in patients 
with mesothelioma, other than the prognostic 

importance associated with a precise histo-
logical type, the mapping of the intracavitary 
lesions of the tumor at thoracoscopy helps 
with the accurate staging of the patient and 
subsequent management.
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•            Metastatic pleural malignancies  
•   Malignant pleural mesothelioma                                  
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 10      Diagnostic Thoracoscopy: Atlas    
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  Fig. 10.1    Trapped lung    (left 
lower lobe in this case –  star ) 
is not a contraindication to 
medical thoracoscopy in case 
with high clinical suspicion of 
neoplastic disease. In this 
case, a diagnosis of pleural 
adenocarcinoma was obtained 
after multiple biopsies of the 
posterior parietal pleura which 
had demonstrated non-specifi c 
white lymphangitis (⚪). 
Pleural fat is visible on the 
diaphragm (◻)       
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  Fig. 10.3    Advanced 
malignant pleural effusion 
from a cancer of unknown 
origin. Disseminated pleural 
carcinomatosis is seen 
invading the posterior parietal 
pleura (◻) and the lung (⚪)       

  Fig. 10.2    Left side. Typical 
features of metastatic pleural 
effusion. Nodules are clearly 
visible on the posterior 
parietal pleura with 
 hypertrophic lymphatic 
vessels ( white bundles ). 
The diaphragm is also 
invaded with nodules on the 
surface. After removal of the 
fl uid, the costodiaphragmatic 
gutter will be carefully 
examined       
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  Fig. 10.4    Metastatic pleural 
cancer. The view of the upper 
part of the right pleural cavity. 
Huge nodules and neoplastic 
lymphangitis are visible on the 
parietal pleura (⚪). Nodules 
are also present on the surface 
of the lung ( star )       

  Fig. 10.5    Metastatic pleural 
cancer (same patient). 
Posterior parietal pleura ( star ). 
Upper lobe (⚪). Lower lobe 
(◻). Fissure ( white arrow )       
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  Fig. 10.6    After aspiration of 
the fl uid, a single nodule can 
be seen. In this case, using an 
optical biopsy forceps, the 
nodule located on the 
diaphragm is removed 
(adenocarcinoma from 
primary lung cancer). To 
perform the procedure with 
absolute safety, the tip (5 mm) 
of the forceps has to be visible 
at all times without any blind 
periods       
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  Fig. 10.7    A malignant nodule 
on the parietal pleura       

  Fig. 10.8    Metastatic pleural adenocarcinoma. No pri-
mary cancer was found. Huge nodules are located on the 
diaphragm. In this case the nodules are not accessible to 
percutaneous pleural biopsies. (⚪), posterior parietal 
pleura. (◻), diaphragm       

  Fig. 10.9    Malignant nodules on the diaphragm. The cos-
tal pleura was not invaded by the disease. Previous percu-
taneous procedures failed to obtain a diagnosis       
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a

b

  Fig. 10.10    ‘A kissing 
nodule’. Panel ( a ): A 
malignant nodule on the 
parietal pleura at the level of 
the left costodiaphragmatic 
gutter (⚫). Vessels are visible 
on the surface of the nodule. 
In addition, there is malignant 
pleural lymphangitis. ( star ), 
diaphragm. Panel ( b ): The 
procedure is performed in 
spontaneous breathing, and 
during the respiratory cycle, 
the nodule can be seen to be in 
contact with the diaphragm       
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  Fig. 10.12    An atelectatic left 
lower lobe with nodule on the 
surface       

  Fig. 10.11    Lung nodule with 
umbilication ( arrow ) close to 
the fi ssure       
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  Fig. 10.13    Multiple lung 
metastases visible on the 
surface of this trapped lung       

  Fig. 10.14    A lung tumour of 
the left lower lobe. Fibrotic 
infl ammation ( white infl am-
mation ) is visible on the 
visceral pleura and parietal 
pleura ( star )       
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  Fig. 10.15    Metastatic small 
cell lung cancer. Multiple 
nodules are visible on the 
surface of the lung at the level 
of the fi ssure. There are 
pleural adhesions between 
anterior parietal pleura and 
left upper lobe. The left lower 
lobe is on the right side of the 
fi gure       

  Fig. 10.16    Flat malignant 
pleural lesions in breast can-
cer. The parietal pleura (◻) 
and the diaphragm (⚪) are 
invaded. The lung ( star ) is free 
of disease       
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  Fig. 10.17    Left side. 
Metastasis on the posterior 
parietal pleura ( star ) in 
woman with breast cancer. 
The surface of the two lobes 
of the left lung separated by 
the fi ssure ( arrow ) is normal 
with few anthracotic deposits       

  Fig. 10.18    The costodia-
phragmatic gutter on the left 
side in a patient with a 
metastatic ovarian cancer. 
Multiple nodules are 
disseminated on the parietal 
pleura (◻), the diaphragm (⚪), 
and the pericardial fat ( star ). 
Lower lobe ( arrow )       
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  Fig. 10.19    Non-specifi c 
lymphangitis on the posterior 
parietal pleura. Pleural 
biopsies demonstrated pleural 
lymphoma       

  Fig. 10.20    Huge nodules in a 
patient with a malignant 
pleural effusion from 
metastatic sarcoma       
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  Fig. 10.21    Right side. Pleural 
sarcoma with invasion of the 
apex of the lung ( star )       

  Fig. 10.22    Metastatic pleural 
nodules on the parietal pleura 
in a patient with malignant 
melanoma       
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  Fig. 10.23    Metastatic 
nodules from malignant 
melanoma on the parietal 
pleura (◼), diaphragm (⚫), 
and on the surface of the lung 
( star )       

  Fig. 10.24    Pleural metastasis 
of malignant melanoma may 
be amelanocytic       
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  Fig. 10.25    Malignant pleural 
mesothelioma (epithelial 
type). Early-stage disease with 
a few fl at nodules and 
non- specifi c parietal pleural 
lymphangitis       

  Fig. 10.26    Early-stage 
epithelial malignant pleural 
mesothelioma. A nodule is 
visible ( white arrow ) on the 
diaphragm (◻) close to a 
pleural plaque. The right 
lower lobe is atelectatic (⚪). 
There is residual fl uid in the 
costodiaphragmatic gutter and 
non- specifi c infl ammation of 
the parietal pleura ( star )       
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  Fig. 10.27    Malignant pleural 
mesothelioma (epithelial type) 
in an asbestos- exposed 
patient.  1 - Typical pleural 
plaques on the anterior 
parietal pleura.  2 - Parietal 
pleura with small nodules and 
neoplastic lymphangitis. 
 3 - Fissure.  4 - Pleural fl uid. 
Lung ( white square )       

  Fig. 10.28    Malignant pleural 
mesothelioma (sarcomatoid 
type). Pleural plaque ( black 
arrow ). Neoplastic lymphan-
gitis ( white arrow ). Lung 
( star )       
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11.1           Introduction 

 Nonmalignant effusion is a term that covers a 
broad spectrum of both infl ammatory and nonin-
fl ammatory conditions, including pleural involve-
ment by cardiac and hepatic disease (transudative 
hydrothorax). Cardiac disease accounts for about 
90 % of all transudative effusions, and effusions of 
varying extent are present in 58–73 % of all 
unselected hospitalized cardiac patients (Weiss 
and Spodick  1984 ). Indeed, since there is usually 
no pleural pathology in transudative effusion, such 
patients rarely, if ever, need thoracoscopic explo-
ration. As there is a high prevalence of cardiac dis-
ease, it is therefore extremely important to 
establish whether an effusion is transudative or 
exudative in nature. Traditionally, this is best 
achieved by means of simple  thoracocentesis  
using the classical Light’s criteria (protein and 
LDH levels). An overall discriminatory accuracy 
of 90 % can be achieved with the expanded  triple 
test  using well-established cutoff values and 
including additional cholesterol determinations in 
pleural fl uid and serum (Table  11.1 ) (Heffner 

et al.  1997 ). Very recently, the determination of the 
marker NT-proBNP (a precursor of B-type natri-
uretic peptide) has been shown to be equally suc-
cessful in identifying effusions secondary to 
cardiogenic hydrothorax, having an overall accu-
racy of 92 % (Kolditz et al.  2006 ). On the basis of 
these criteria and current epidemiology, the pretest 
odds relationship of transudative vs exudative eti-
ologies in unselected patients with pleural effusion 
will be about 0.4/0.6.

   In the diagnosis of exudative etiologies, apart 
from its classical role in malignancy, thoracoscopy 
is also an excellent tool for the diagnosis of vari-
ous benign diseases. The etiologic spectrum and 
relative frequency of benign exudative effusion, 
i.e., mostly infl ammatory pleural disease, are sum-
marized in Table  11.2  ,in which bacterial pleurisy 
(parapneumonic effusion and empyema) is clearly 
the main cause (Light  1995a ). Tuberculous pleu-
risy has become rare in Western populations but 
remains a crucial issue in light of globalization and 
in developing countries, particularly in the context 
of the HIV epidemic. Nonspecifi c pleurisy is 
caused by different conditions such as thrombo-
embolism and rheumatological disease that are 
often clinically underestimated and also by a vari-
ety of diffi cult-to- diagnose infl ammatory condi-
tions, which may have anecdotic importance only, 
for example, benign asbestos. Nevertheless, thora-
coscopy may also play an important role in some 
of these conditions. The diagnostic value and over-
all role of thoracoscopy in the management of 
various benign pleural effusions will be discussed 
in this chapter.
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11.2       Parapneumonic Effusion 
and Empyema 

11.2.1    Clinical Background 

 Parapneumonic effusion and empyema are inter-
related, overlapping manifestations of bacterial 
pleurisy. The most common cause, pneumonia, is 
present in about 55 % of cases, while bacterial 
pleurisy complicates pneumonia in 20–57 % of 
cases. Thus in the majority of cases, the condition 
presents as  pleuropneumonia  (Alfageme et al. 
 1993 ). Bacterial pleurisy is estimated to account 
for 20–30 % of all cases of pleural effusion. 
Serious and debilitating predisposing conditions 
are observed in up to 82 % of cases, of which 
compromised immunity due to alcoholism is the 
single biggest risk factor (Alfageme et al.  1993 ). 
The effusion is unilateral in 80 % of cases and 
may be profuse or sometimes even lead to intra-
thoracic displacement and compression. The 
most important differential diagnosis relevant to 

local treatment is  lung abscess , which, however, 
will not usually require thoracostomy. Contrast- 
enhanced CT is helpful for making this distinc-
tion using the criteria presented in Table  11.3 .

11.2.2       Prethoracoscopic 
Investigations 

 The diagnosis of parapneumonic effusion may be 
straightforward in situations where the clinical 
background is compatible and the culture is posi-
tive, foul smelling turbid effusion has been 
 recovered, or frank empyema is found at thoraco-
centesis. In the presence of serous clear pleural 
fl uid and negative microbiological fi ndings, fur-
ther investigations are needed to establish a diag-
nosis of bacterial pleurisy. Light’s criteria, 
including pH, glucose content, and LDH, are then 
commonly recommended for  subclassifi cation of 

   Table 11.1    Commonly used parameters and recommended cutoff values for distinguishing transudates and exudates   

 Parameter  Cutoff  Cutoff 
 Absolute values  PF/S a  – Ratio 
  Transudate↓    Transudate ↓ 
  Exudate ↑   Exudate ↑ 

 Protein  3 g/dl  0.5 
 Lactic dehydrogenase (LDH)  200 IU/dl b   0.6 
 Cholesterol  60 mg/dl c  

  Light  1972 ; Heffner et al.  1997  
  a Pleural effusion/serum 
  b 3.3 μmol/l 
  c 1.5 mmol/l  

   Table 11.2    Etiologic spectrum and causes of exudative 
pleural effusion and their relative incidence   

 Etiology  Incidence (%) 

 Pneumonia  50.9 
 Pleural malignancies  25.5 
 Thromboembolism  18.0 
 Gastrointestinal disease  4.0 
 Rheumatic-autoimmunologic disease  0.8 
 Tuberculosis  0.55 
 Benign asbestos pleuritis  0.25 

  Analysis of one year incidence of 785,000 exudative effu-
sions, USA (1991) – adapted from Light ( 1995a )  

   Table 11.3    Differentiation between empyema and lung 
abscess on a (contrast) CT scan   

 Signs favoring empyema 
  Signs of lung compression 
  Smooth margins of membranes 
  Dissection of the thickened visceral parietal pleura 
  Blunt angle with the chest wall 
 Signs favoring abscess 
   Spherical shape with irregular and thicker wall 

structures 
  Absence of lung compression 
  Sharp angle with the chest wall 
  Visible airway connection 
   Demonstration of vasculature around abscess 

(defi nite proof) 
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bacterial pleurisy into  uncomplicated  and  compli-
cated parapneumonic effusions . Previously, these 
overlapping conditions were referred to as  exuda-
tive or fi brinopurulent  pleurisy and  organizing or 
chronic  empyema. As shown in Table  11.4 , empy-
ema and complicated parapneumonic effusion, 
which are classical high-dependency indications 
for thoracostomy and drainage, are characterized 
by low pH (<7.0) and glucose (<2.2 mmol/l 
(40 mg/dl)) and elevated lactate dehydrogenase 
(LDH) levels (>10,000 IU/l) and WBC count 
(>15 × 10 9 /l), with a bacterial culture which is 
usually positive (Heffner et al.  1995 ; Maskell and 
Davies  2003 ). While uncomplicated effusion war-
ranting noninvasive management is well defi ned, 
on the other hand, these criteria may leave a pre-
dictive gap for poorly defi ned intermediate effu-
sions, as is also shown in Table  11.4 . Based on the 
key parameter, pH, and a comprehensive body of 
evidence from individual studies and meta-analy-
ses, current recommendations of the American 
College of Chest Physicians (ACCP) propose a 
more stringent differentiation into four risk and 
outcome categories (Davies et al.  2003 ; Antunes 
et al.  2003 ):
•     Category I – minimal free-fl owing effusion, 

culture and pH unknown  
•   Category II – small to moderate free-fl owing 

effusion, negative culture, and pH > 7.2  

•   Category III – large free-fl owing effusion, 
loculations and membranes, pH < 7.2  

•   Category IV – category III plus evidence of 
frank pus    
 In broad practical terms, taking into account 

the clinical presentation and fl uid characteristics, 
thoracostomy with tube drainage is therefore 
vitally important in one or more of the following 
conditions:
•    Frank empyema at thoracocentesis – ACCP 

category IV  
•   Ongoing sepsis  
•   Profuse effusion (>2 l), particularly where it 

causes displacement  
•   Presence of air in the pleural space suggesting 

a bronchopleural fi stula  
•   Biochemical fl uid parameters as defi ned in 

ACCP category III (usually termed “compli-
cated parapneumonic effusion”)     

11.2.3    The Role of Thoracoscopy 

 Any invasive approach that focuses on chest 
drainage clearly addresses and highlights the use 
of thoracoscopy (Colice et al.  2000 ; Lodden-
kemper and Frank  2006 ). The rationale of 
 thoracoscopy in empyema and complicated 
 parapneumonic effusion is mainly management 

Empyema/complicated Intermediate effusion Uncomplicated parapneumonic

parapneumonic effusion - quality effusion

ACCP category IV&III ACCP category II? ACCP category I–II

. frank empyema . clear-serous effusion 

. bacterial culture +                                      . bacterial effusion -

. any effusion amount serial . effusion < ca. 1000 ml

. mono-/multilocular- pleurocentesis . monolocular

. Light criteria + clinical follow-up . Light criteria

glucose < 40 mg/dl glucose > 40 mg/dl

LDH > 1000 IU/dl                             LDH < 1000 IU/dl

pH < 7.00 pH > 7.00

leucocyte count > 15/nl leucocyte count < 10/nl

. air leaks

TUBE DRAINAGE REQUIRED CHEST TUBE NOT REQUIRED

? ?

    Table 11.4  
   Classifi cation of 
parapneumonic 
effusion (bacterial 
pleurisy) and 
derived indications 
to tube drainage       
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related. The diagnostic value of biopsies taken 
under direct vision in neutrophilic infl ammation 
of bacterial pleurisy is usually negligible – unless 
differential diagnoses such as tuberculosis or 
other specifi c etiologies are being considered. 

 The role of medical thoracoscopy in the man-
agement of empyema and parapneumonic effu-
sion has long been under debate; this indication is 
only reluctantly accepted by pulmonologists as 
there is a paucity of evidence-based data and 
competitive surgical treatment options. Video- 
assisted thoracic surgery (VATS), in particular, 
has become a gold standard. For many years, 
experienced pulmonologists in Western Europe 
have routinely performed thoracoscopy in the 
setting of bacterial pleurisy and this has created a 
body of expertise. However, it remains largely on 
the evidence level of expert opinion. The “inven-
tor” of medical thoracoscopy himself (Jacobaeus) 
was the fi rst to report an extensive experience in 
100 cases as early as 1925 (Jacobaeus  1925 ). 
Boutin and colleagues describe their good results 
in the preceding edition of this book (Boutin 
et al.  1991 ). In Israel, Weissberg successfully 
performed thoracoscopy in empyema in the early 
1970s, using a mediastinoscope (Weissberg 
 1980    ). More recently, in a large retrospective 
series of 127 patients from various hospitals in 
Switzerland and Italy, all of whom presented 
with multiloculated empyema, medical thoracos-
copy as the fi rst-line intervention under local 
anesthesia was successful in 91 % of cases, with 
94 % of patients being cured by nonsurgical 
means (Brutsche et al.  2005 ). In another series of 
16 consecutive cases in whom medical thoracos-
copy was performed after tube drainage had 
failed, clinical improvement was achieved in all 
cases and defi nitive cure in 12, thus only four 
cases required surgical debridement (Solèr et al. 
 1997 ). In America, Landreneau and colleagues 
also reported similarly successful use of thora-
coscopy in 63 out of 99 patients (Landreneau 
et al.  1995 ). In pediatric cases, medical thoracos-
copy performed under local anesthesia does not 
appear to be feasible, and thus video-assisted tho-
racic surgery (VATS) is considered the interven-
tion of choice and given clear preference over 
formal thoracostomy (Colice et al.  2000 ; Davies 

et al.  2003 ; Antunes et al.  2003 ). Medical thora-
coscopy is now also becoming increasingly 
accepted in English-speaking countries and has 
been adopted as a treatment option by many sci-
entifi c societies. Surgical thoracoscopy (VATS) 
for the treatment of bacterial pleurisy is now 
fi rmly incorporated into the current guidelines 
and consensus statements of both the ACCP and 
the British Thoracic Society (BTS). According to 
the BTS guidelines, fi brinolysis, VATS, and for-
mal surgery are equally acceptable interventions 
in empyema, but VATS is preferred to fi brinolysis 
(evidence level C) (Colice et al.  2000 ; Davies 
et al.  2003 ; Antunes et al.  2003 ). In this setting, 
medical thoracoscopy introduces the intriguing 
additional option of using a combined thoracos-
copy/fi brinolysis approach which has the advan-
tage of being only moderately invasive and more 
cost-effective. This concept is currently under 
investigation in a European multicenter project.  

11.2.4    Procedure 

 The technical approach to performing a  thora-
coscopy  in empyema is basically the same as that 
used for other types of effusion but, importantly, 
must specifi cally take into account loculations 
and membranes, which are typical for and fre-
quently occur in empyema. A careful evaluation 
with CT and ultrasound, to defi ne safe entry 
points, is mandatory prior to the thoracoscopy 
(Figs.  11.1  and  11.2 ) (Hersh et al.  2003 ). This is 
particularly important when sharp obturators are 
employed, in order to avoid injury to the lung. To 
defi ne a safe entry compartment in a loculated 
effusion, an accessible liquid compartment must 
be fi rstly identifi ed by fl uid aspiration. In our 
opinion, this should be confi rmed by fl uoroscopy 
using gas insuffl ation (air or better CO 2 ) to dem-
onstrate gas deposition and thus lung detachment 
at the intended point of entry. Following entry 
into the pleural cavity, exploration may reveal 
widely varying infl ammatory patterns.
•      One typical macroscopic fi nding is the presence 

of an abundant, viscous accumulation of pus (of 
up to several liters) often in a monolocular cav-
ity; the intensely infl amed parietal and visceral 
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pleura is associated with purulent adherent 
membranes and hemorrhage, which may occur 
spontaneously. An example of such changes, 
which used to be referred to as the  fi brinopuru-
lent stage  of empyema, is shown in Fig.  11.3 .

•      More often, as is typically seen in complicated 
parapneumonic effusions, the endoscopic 
fi nding is of multiple fi brinous loculations. 
The operator often visualizes adhesions and 
sponge-like chambers following the introduc-
tion of the telescope (Fig.  11.4 ). The investi-
gation may then be expanded to include 
mechanical separation of compartments and 
blunt dissection of membranes and adhesions 

in order to create a large monolocular cavity 
which will subsequently be easier to treat. 
This procedure can also include peeling of 
thick visceral membranes, making it possible 
to free and re-expand a trapped lung. With 
these dissection procedures, particular care 
must be taken to spare adhesions that are 
already organized and vascularized. This may 
occur in cases where the clinical course is pro-
longed and in the setting of chronic empyema. 
A typical sequence is shown in Fig.  11.5 , with 
initial visualization of extensive loculations 
which are then broken down (debridement) to 
reveal the originally entrapped lung.

  Fig. 11.1    Ultrasound to 
detect infl ammatory visceral 
membranes and therefore a 
trapped lung secondary to 
empyema       

  Fig. 11.2    Ultrasound 
detection of a multiple 
loculated empyema       
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a

b

c

  Fig. 11.3    Typical features of 
a single cavity secondary to 
empyema (parietal pleura, 
fi bropurulent stage). Male, 
48 years, purulent peels ( a ) 
including spontaneous 
hemorrhage ( b ) and biopsy 
lesion (to exclude TB) ( c )       
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11.2.5           Combined Treatment 
Modalities 

 Drain insertion is a vital procedure which is car-
ried out in the acute phase of empyema, but it is 
also crucial for optimal long-term results. 
Another important advantage of thoracoscopy is 
that it allows visual control and thus also optimal 
drain placement. Drainage is performed not only 
to remove fl uid but should also usually include 
irrigation with or without instillation of fi brino-
lytics. The drainage specifi cations should there-
fore give preference to large-bore, double-lumen 
catheters (≥24 F) to ensure clearance of thick 
secretions and initiation of closed circuit irriga-
tion. If fi brinolysis is considered, streptokinase 
and urokinase are equally effective agents. 
According to several guidelines, the instillation 
of fi brinolytics is indicated in the presence of:
•    Thick pus with apparent or suspected reten-

tion of the secretion  
•   Membranes and loculations  
•   Trapped lung. (Davies et al.  2003 ; Antunes 

et al.  2003 ; Colice et al.  2000 )    
 Fibrinolysis enhances the effects of interven-

tional thoracoscopy and may obviate the need 
for two or more drains in multiloculated 
 empyema. There will be a transient increase in 

fl uid production due to the resolution and liqui-
dation of pus and membranes. With irrigation 
and fi brinolysis protocols, the output of mostly 
turbid fl uid will initially exceed the irrigation 
input. Irrigation is continued until a clear sterile 
fl uid is obtained and the net fl uid production 
falls below 50 ml/day. Our protocol has been 
well tried and proven in practice and uses a 
combination of streptokinase and streptodor-
nase (DNAse) (see Table  11.5 ). The value of the 
streptodornase component has not yet been 
fi rmly established clinically; however, 
 experimental data strongly suggest that the 

  Fig. 11.4    The benefi t of pleuroscopy in tube drainage 
management: recognition and elimination of multilocula-
tion in empyema       

a

b

  Fig. 11.5    The benefi t of pleuroscopy    in tube drainage 
management in empyema: same case as Fig.  11.4 . 
Pleuroscopic features of the visceral membrane after dis-
section of the infl ammatory adhesions.  Black arrowheads   
pus deposits,  white arrowheads  visceral membrane ( a ). 
The visceral peel with indwelling chest tube preventing 
re-expansion of the trapped lung post pleuroscopy.  Black 
arrowheads  visceral peel ( b ). The lung subsequently 
expanded after fi brinolysis       
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effectiveness of fibrinolysis can be improved 
by decreasing the DNA-dependent viscosity of 
the pus (Simpson et al.  2000 ). The only 
relevant contraindication to the use of strepto-
kinase is suspected allergy. However, fibrino-
lytics may also be cautiously applied in the 
presence of bronchopleural fistula to avoid 
spilling and contamination of the ipsilateral 
and contralateral bronchial systems. Adverse 
effects of both streptokinase and urokinase 
may include fever >38.5 °C and pain (both up 
to 7 % of cases). Pleural fibrinolysis is safe as 
regards systemic effects, and there is no evi-
dence that systemic fibrinolysis occurs at 
cumulative doses of up to six times the thera-
peutic level (Davies et al.  1998 ). A review of 
the evidence based on fibrinolysis from multi-
center studies and meta-analyses reveals that 
200,000–250,000 IU streptokinase was equally 
as effective as 50,000–100,000 IU urokinase 
(Bouros et al.  1997 ). Fibrinolysis was signifi-
cantly more effective than pure irrigation as 
assessed on the basis of some secondary end-
points such as time to clearance of empyema 
and radiological resolution (Diacon et al. 
 2004 ; Maskell et al.  2005 ; Tokuda et al.  2006 ). 
There were no significant differences between 
the two procedures as regards the primary end-
points of mortality and surgery. Thus the ben-
efits of fibrinolysis remain to some extent 
controversial and require further elaboration 
(Rahman et al.  2011 ).

11.3        Tuberculous Pleurisy 

11.3.1    Clinical Background 

 Tuberculous pleural involvement may occur at 
any stage of the disease but is more likely to be 
associated with a primary pulmonary tuberculous 
infection. Most patients present with acute fever 
and the clinical picture mimics bacterial parap-
neumonic pleurisy, which is also the most impor-
tant differential diagnosis.  Pleuritis exsudativa 
tuberculosa  is the classical term for this form of 
tuberculosis. The pleural fl uid is serous and a 
high-grade exudate with a protein concentration 
usually greater than 5 g/dl. Pleural cellularity 
shows a prevalence of lymphocytes but may 
become transiently neutrophilic in the acute 
febrile and initial stages. Exudative pleuritis 
occurs unilaterally in the vast majority of cases 
and rarely, if ever, develops profuse or compres-
sive features. Overt concomitant pulmonary 
involvement is often absent. Exudative pleuritis 
is unlike  tuberculous empyema , which again may 
mimic nonspecifi c bacterial empyema. 
Tuberculous empyema is a sequel and complica-
tion of long-standing postprimary pulmonary 
tuberculosis that may be associated with the rup-
ture of caseous pulmonary lesions, tuberculous 
fi brothorax, and calcareous pleural thickening.  

11.3.2    Prethoracoscopic 
Investigations 

 Conventional microbiological investigation of 
pleural fl uid for the diagnosis of pleural TB is 
associated with major limitations. The microbio-
logical yield (culture) in the pleural fl uid is as low 
as 25 % and may only reach 50 % in exceptional 
cases. In addition, biochemical changes in the 
pleural fl uid are only suggestive and nonspecifi c, 
e.g., excessive LDH elevation and low glucose 
and pH values (Frank  2002 ). In the past decade, 
considerable progress has been made in the non-
invasive diagnosis of tuberculous pleurisy from 
pleural fl uid and tissue aspirates using novel- 
specifi c infl ammatory markers and  nucleic acid 
amplifi cation techniques  ( NAAT ). Today, the 

   Table 11.5    Combined irrigation/instillation protocol for 
fi brinolytic chest tube management of empyema (own 
protocol)   

  A :  Interventional approach  
 1. Ultrasound-guided thoracentesis 
 2. Double-lumen irrigation/suction drainage (20–24 F, 
40 cm), ultrasound guided pleuroscopy guided 
 3. Empyema evacuation (standard suction: 20 cm H 2 O) 
 4. Imaging control (X-ray/fl uoroscopy/sonography) 
 5. Irrigation using isotonic saline solution with aseptic 
additives (polyvidone iodine 2 %) until recovery of 
clear irrigation fl uid (before and after fi brinolysis) 
 6. Fibrinolytic agent instillation: Varidase® (1 
ampule = 100,000 IE streptokinase + 25,000 IE 
streptodornase) with a 2–4 h clamping period 
  B :  Empiric and subsequent targeted antibiotic therapy  
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main methods used to support a diagnosis of TB 
include the determination of  adenosine deami-
nase  ( ADA ) and  IFN - γ , both of which yield excel-
lent results with roughly 95 % sensitivity and 
90 % specifi city (Valdes et al.  1995 ; Söderblom 
et al.  1996    ). Commercially available MTB gene 
probes such as the AMPLICOR MTB®, 
AMTDT®, or AccuProbe® sets, mostly of which 
use the IS 6110 DNA or 16S-rRNA target 
sequence, provide an optimum specifi city of 
about 100 % (as might be expected) and overall 
sensitivities up to 80–90 %, in both fl uid and tis-
sue samples. However, major problems with a 
limited sensitivity (range 45–82 %) have also 
become apparent in the fairly common culture 
negative variety of paucibacillar pleurisy (Ruiz- 
Manzano et al.  2000 ).  

11.3.3    The Role of Thoracoscopy 

 The future role of thoracoscopy in the manage-
ment of tuberculous pleurisy needs to be rede-
fi ned (1) in the setting of the new diagnostic 
techniques outlined above and (2) in light of its 
close historical association with TB. From the 
very beginnings of thoracoscopy, when it was 
introduced into medicine by Jacobaeus in 1910, 
tuberculosis has been a main focus of “pleuros-
copy” – as it was renamed in the early 1920s in 
Western Europe (Jacobaeus  1910 ; Loddenkemper 
 2004 ). Anticipating a modern minimally invasive 
interventional technique, all of which are 
included under the term VATS, his pioneering 
approach to thoracoscopy was interventional 
with a view to optimizing pneumolysis and 
mechanical breaking of strands for artifi cial 
pneumothorax induction in TB (“Jacobaeus’ 
operation”) (Loddenkemper  2004 ). Medical tho-
racoscopy has been developed over the decades 
and is now a powerful and gold standard tool for 
the management of tuberculous pleurisy. A large 
body of data now testifi es to the diagnostic effi -
cacy of thoracoscopy. The ability to visualize 
major portions of the pleural surface, to intervene 
when membranes and septa are present, and the 
additional option of performing numerous dedi-
cated biopsies ensure an optimum diagnostic 

result. The combination of these features with the 
likely additional impact on outcome by thoracos-
copy justifi es the renewed interest and continued 
use of the traditional thoracoscopic approach in 
tuberculous pleurisy.  

11.3.4    Procedure 

 The procedure employed is similar to that used in 
pleural effusion and parapneumonic effusion. At 
the time of visual exploration, as in bacterial empy-
ema, three characteristic patterns may be found:
•    First is the development of abundant fi brin-

ous membranes, septa, and chambers with 
diffuse infl ammation of the parietal pleura as 
the prevailing lesion. An example of this 
endoscopic aspect is shown in Fig.  11.6 . 
Similar cautions should apply before intro-
ducing the thoracoscope as outlined previ-
ously in the section on multiloculated 
empyema, in order to prevent laceration of 
adhesive lung compartments.

a

b

  Fig. 11.6    Typical features of fi brin-type    multiloculated 
effusion in tuberculous pleurisy. (   a ) Upper part of the 
pleural cavity. ( b ) Lower part of the pleural cavity       

 

11 Diagnostic Thoracoscopy: Nonmalignant Pleural Effusion   



130

•      A second characteristic feature is a varying 
degree of seeding of the pleural surface with 
solid or caseous, sago-like nodules and associ-
ated scanty fi brin deposits. A typical example 
is shown in Fig.  11.7 . Although this is usually 
fairly small, when major or extensive lesions 
occur, they may easily be confused with dis-
seminated malignant nodules (Fig.  11.8 ).
        Tuberculous empyema  may be indistinguishable 

from nonspecifi c empyema, unless visible calcifi -
cations, irreversible lung trapping, or suspect pul-
monary changes suggest a tuberculous origin. 

 A suffi cient number of biopsies should be 
obtained from the parietal pleura, i.e., at least six 
(Kirsch et al.  1997 ). This may often require 
debridement of membranes and opening of locu-
lations to gain access to the infl amed parietal 
pleura. It is advisable to save recovered fi brinous 
material for additional microbiological investiga-
tions, since a positive culture yield has been 
described in a high proportion of these samples. 
Lung biopsies will usually not be required unless 
there is a suspect subvisceral lesion or evidence 
of spread of pulmonary disease to the pleura.  

11.3.5    Diagnostic Yield 

 According to various authors, the overall diagnos-
tic yield of thoracoscopy, including analysis of the 
pleural fl uid, fi brinous membranes, and tissue 

specimens (combining microscopy, cultures, and 
histology together), is in the range of 94–99 % 
(Loddenkemper  1981 ,  2003 ; Loddenkemper and 
Boutin  1993 ; Colt  1999 ; Seijo and Sterman  2001 ). 
Thus, when thoracoscopic results are combined 
with the results of less invasive tests, the yield 
should be close to 100 % (Loddenkemper and 
Boutin  1993 ). The most important least invasive 
contribution is certainly provided by closed nee-
dle biopsy, which has a sensitivity of 50–60 %, as 
in the series reported by Loddenkemper 
(Loddenkemper and Boutin  1993 ). In one collec-
tive review, an average sensitivity of 69 % (28–
88 %) is reported; however, these high sensitivities 
refer to areas of high prevalence of TB, which 
would suggest that the pretest probability was 
elevated (Seijo and Sterman  2001 ). In a recent 
study from South Africa, which combined con-
ventional histological and microbiological inves-
tigations with novel methods (NAAT, ADA), a 
sensitivity of 93 % with 100 % specifi city has 
been reported – this is approaching the diagnostic 
effi cacy of thoracoscopy (Diacon et al.  2003 ). In 
future, it would therefore be wise to combine tho-
racoscopy and closed needle biopsy (which has 
the specifi c advantage of also exploring deeper 
chest wall structures) with novel biological meth-
ods. Needle biopsy is clearly advantageous if tho-
racoscopy is not available or in the presence of 
clinical obstacles such as an absolute contraindi-
cations to thoracoscopy or advanced obliteration 

  Fig. 11.7    Typical features of 
disseminated, small sago-type 
nodules of the parietal pleura 
in tuberculous pleurisy 
(Courtesy C Boutin and Ph 
Astoul, Marseille, France)       
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of the pleural space. In general, thoracoscopy and 
less invasive procedures should not be considered 
competitive alternatives but rather reciprocally 
supportive tools for obtaining optimum tissue 
specimens for mycobacterial cultures, suscepti-
bility testing, and possibly also tissue-based 
NAAT. The importance of microbiological inves-
tigation of membranes and fi brinous material also 
needs to be emphasized, since with a maximum 
reported sensitivity of 87 % of this assessment, 
the yield may well exceed that of needle biopsy 
(Loddenkemper  1981 ).  

11.3.6    Intervention Options 
and Outcome 

 Thoracoscopy not only allows but often even 
requires the opening of loculations and adhesions 

or even large-scale debridement and peeling of 
large membranes. While such efforts are not nec-
essarily a regular part of the diagnostic exploration 
of the pleural cavity, they may be expected to mod-
ify and improve the clinical course in terms of 
more rapid resolution of effusion, shorter hospital 
stays, and improved outcomes and, in particular, 
avoid the development of long-term chest encase-
ments and fi brothorax. However, no data exists 
from controlled clinical trials on this issue. In our 
view, the clinical benefi t of complete evacuation of 
the pleura, including separation and removal of 
membranes, would seem evident. Similar benefi -
cial effects certainly cannot be expected to result 
from the addition of an oral or parenteral steroid 
regimen to antituberculous drug therapy, since 
controlled studies did not demonstrate any impact 
on the endpoints – pleural sequelae and physiolog-
ical abnormalities (Wyser et al.  1996 ).   

  Fig. 11.8    Sago-type disseminated small and larger nodules on the parietal and visceral pleura concerning for 
malignancy       
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11.4    Other Benign Infl ammatory 
Effusions 

11.4.1    Clinical Background 

 This group covers a number of heterogenous 
infl ammatory conditions which may present with 
both specifi c and nonspecifi c biochemical and 
histological criteria. Their overall incidence is in 
the order of 10 % of all exudative effusions 
(although the incidences of some entities are pur-
portedly higher). The clinical presentations of 
these conditions are highly variable, ranging from 
clinically silent cases to severe thoracic symp-
toms such as in acute thromboembolism. These 
effusions are rarely associated with a profuse col-
lection and almost never displace the contralateral 
lung; however, they may occur bilaterally.  

11.4.2    Prethoracoscopic 
Investigations 

 Once specifi c infectious etiologies can be consis-
tently ruled out, the diagnostic investigation must 
focus on determining a series of immunologic and 
infl ammatory parameters in both the pleural fl uid 
and serum. Depending on the clinical background, 
these may include IgG and IgM rheumatoid factor, 
ADA, interleukin (IL)-2 receptors, complement 
components (3, 4, SC5b-9), antinuclear factors 
(ANA), c/p-ANCA, and double- stranded DNA 
and LE cells. The role of thoracoscopy in the man-
agement of this type of effusion may be consid-
ered to include attaining additional diagnostic 
certainty on the basis of dedicated tissue recovery 
and sometimes specifi c pathological macroscopic 
fi ndings. Rarely there may be necessity for an 
intervention, such as draining a large compressive 
fl uid collection. On the other hand, a small group 
of diffi cult-to- diagnose “idiopathic” effusions 
may even escape all combined diagnostic efforts.  

11.4.3    Pulmonary Infarction 

 Epidemiological and clinical data on the fre-
quency of thromboembolism-related pleural 

effusion is scarce and reports vary between dif-
ferent sources. According to Light and additional 
data originating from the Czech Republic, throm-
boembolism would appear to be the fourth lead-
ing cause of pleural effusion, i.e., it accounts for 
18 % of all exudates, whereas in most series, it 
accounts for 5 % or less (Marel et al.  1993 ; Light 
 1995b ). The issue is probably confounded by the 
fact that both hemodynamic and infl ammatory 
mechanisms are involved, and hence the effusion 
may be both exudative and transudative. 
Nevertheless, these data imply that the clinical 
signifi cance of thromboembolic effusion is prob-
ably largely underestimated, since many cases 
remain unidentifi ed and are thus merged into a 
large subset of effusion of unclear (“idiopathic”) 
origin. Key clues for the diagnosis include the 
sudden onset of chest symptoms, including 
hemoptysis, compatibility between laboratory 
and imaging fi ndings such as a sharp rise in 
D-dimers, and high-probability lung scans. 
Pleural fl uid analysis shows variable infl amma-
tory patterns including eosinophilia, sometimes 
also hemorrhagic features, but in general, it is 
largely nonspecifi c. Thoracoscopy does not yield 
any specifi c fi ndings. Even well-trained pulmon-
ologists will rarely encounter an effusion that is 
unequivocally attributable to thromboembolism, 
and there is consequently a dearth of endoscopic 
pictorial documentation. Changes that give rea-
son to suspect a thromboembolic origin of a non-
malignant effusion include a sanguineous or 
frankly hemorrhagic accumulation of fl uid in the 
presence of sharply delineated hemorrhagic pul-
monary changes or large-scale consolidation. 
Lung biopsies may fi nally confi rm pulmonary 
infarction as the causative lesion.  

11.4.4    Effusions Caused by 
Rheumatic and Collagen 
Vascular Disease 

 Effusions in  rheumatic and collagen vascular dis-
ease  share many features with those seen in throm-
boembolism, and their clinical signifi cance is 
similarly likely to be underestimated. Pleural 
involvement is common in rheumatoid arthritis, 
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occurring in about 5 % of patients, sometimes 
even as the primary manifestation (Joseph and 
Sahn  1993 ). However, in contrast to the situation 
with embolism, there are important infl ammatory, 
immunologic, and histological markers and pat-
terns which narrow or establish a diagnosis with 
suffi cient certainty prior to thoracoscopy. One 
characteristic feature of rheumatoid effusions is a 
tendency for pleural fl uids to have high cholesterol 
contents, hence the term “cholesterol pleurisy” a 
synonym for  pseudochylothorax . The advantage 

of conducting thoracoscopy in rheumatic and con-
nective tissue disease is that it provides visual 
guidance for obtaining more representative tissue 
specimens. Thoracoscopy frequently reveals dif-
fuse or focal fi brinous lesions suggestive of rheu-
matoid arthritis with typical necrobiotic nodules 
on the visceral pleura (Fig.  11.9 ). The endoscopic 
equivalent of nongranulomatous collagen vascular 
disease is nonspecifi c diffuse pleural thickening 
and infl ammation termed ( benign )  pachypleuritis ; 
this often includes localized fi brin deposits. An 

  Fig. 11.9    A thoracoscopic image of an effusion in a patient with known rheumatoid arthritis showing both visceral and 
parietal fi brinous infl ammation       
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example of pleurisy in a case of mixed connective 
tissue disease (MCTD) is presented in Fig.  11.10 ). 
In systemic lupus erythematosus (SLE), the pleura 
is involved in approximately 40 % of patients. The 
presence of LE cells in the pleural fl uid and tissue 
specimens is diagnostic for this disease, although 
the sensitivity is low (<50 %) (Orens et al.  1994 ).

11.4.5        Sarcoidosis 

  Sarcoidosis  very rarely leads to pleural effusions 
(<1 %). The fl uid is an exudate (and only in very 
rare cases a transudate) with a lymphocyte pre-
dominance. A small number of anecdotal cases 

with secondary  chylothorax  have also been 
described (Soskel and Sharma  2000 ). Neverthe-
less, occult sarcoidosis-related pleural involve-
ment in the form of dry pleurisy is often 
clinically evident. When a thoracoscopy is per-
formed to obtain a lung biopsy in undetermined 
interstitial lung disease, granulomas of the pari-
etal and visceral pleura are not an uncommon 
incidental fi nding which strongly suggests sar-
coidosis. The prevalence of nodules in sarcoid-
osis is reported between 11 and 71 %, depending 
on the source (Soskel and Sharma  2000 ). 
Figure  11.11  presents examples of typical pari-
etal and visceral lesions which may be found in 
sarcoidosis.

a

b

  Fig. 11.10    A thoracoscopic 
image of an effusion in a 
patient with mixed connective 
tissue disease (MCTD) 
showing diffuse pleural 
thickening (pachypleuritis) 
and fi brin deposits. Female, 
35 years, parietal pleura ( a ), 
chest wall, and diaphragm ( b )       
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11.4.6       Benign Asbestos Pleurisy 

  Benign asbestos pleurisy  is a component of the 
benign pleural asbestos complex. This also includes 
 pleural plaques ,  diffuse pleural thickening  ( pleural 
fi brosis ), and  rounded atelectasis . Pleural effusions 
are believed to occur primarily in patients exposed 
to crocidolite and may coexist with pleural plaques. 
When exploring an otherwise undefi ned exudate 

during thoracoscopy or noninvasively with CT 
images, the fi nding of plaques strongly suggests an 
asbestos-related etiology. Since recurrent benign 
asbestos pleurisy, in particular, may be interpreted 
as a precursor of fi brosis and malignant transforma-
tion to mesothelioma, one objective of thoracos-
copy is to scrutinize the pleural cavity carefully to 
exclude malignant lesions (Figs.  11.12  and  11.13 ). 
This may necessitate obtaining serial biopsies from 
all aspects of the parietal pleura (chest wall and 

  Fig. 11.11    Thoracoscopic 
image of pleural involvement 
in sarcoidosis showing 
disseminated nodules on the 
parietal pleural ( white arrow ) 
and on the surface of the lung 
( black arrow ) – * fi ssure 
(Courtesy Ph Astoul, 
Marseille, France)       

  Fig. 11.12    A benign pleural 
   effusion in asbestos-exposed 
patient. The left costodia-
phragmatic gutter has residual 
fl uid. Pleural plaques are 
located on the posterior 
parietal pleura (◻). The left 
lower lobe is covered by a 
fi brotic layer (⚪). Pleural 
plaques are also visible on the 
diaphragm ( star ) (courtesy Ph 
Astoul, Marseille, France)       
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 diaphragm). Apart from plaques, there are no char-
acteristic fi ndings in asbestos pleurisy except occa-
sional eosinophilia, which may sometimes be 
marked. The establishment of the diagnosis depends 
largely on indirect evidence, i.e., confi rmed evi-
dence of asbestos exposure and exclusion of the dif-
ferential diagnoses. Pleurodesis, performed either 
during thoracoscopy or surgically, has been sug-
gested for recurrent effusion, but unless large-scale 
or total pleurectomy is carried out, this strategy for-
feits the option of follow- up examinations for the 
early detection of mesothelioma.

11.4.7        Miscellaneous Rare Benign 
Effusions 

 The pleura may be affected by a large number of 
other extrapulmonary, systemic, and organ- 
related disease states such as gastrointestinal, 
renal, hepatic, heart, and even endocrine disease. 
The diagnosis of these conditions will usually 
concentrate on the primary organ, and pleural 
fl uid studies and thoracoscopy have no specifi c 
contribution to make in cases with these underly-
ing secondary disease states (Fig.  11.14 ). In some 

  Fig. 11.13    A pleural effusion 
in an asbestos-exposed patient. 
Previous percutaneous pleural 
biopsies failed to obtain a 
diagnosis. A typical pleural 
plaque is visible on the 
posterior parietal pleura ( black 
arrow ). Careful examination 
of the pleural cavity identifi ed 
anthracotic deposits (◻) and 
small malignant nodules 
( white arrow ). The diagnosis 
of epithelial malignant pleural 
mesothelioma was confi rmed 
by pathological analysis. Lung 
(⚪) (Courtesy Ph Astoul, 
Marseille, France)       

  Fig. 11.14    A chylothorax is a 
rare cause of a pleural 
effusion. Thoracoscopy should 
rule out pleural lymphoma and 
multiple pleural biopsies are 
mandatory (Courtesy Ph 
Astoul, Marseille, France)       

 

 

W. Frank and N. Schönfeld



137

instances such effusions may be diagnosed inci-
dentally when thoracoscopy is performed during 
the workup of an undiagnosed effusion.

11.5        Recurrent Idiopathic Pleural 
Effusion 

  Idiopathic pleural effusion , as pointed out ear-
lier, is a collective term and merger of heterog-
enous benign, overwhelmingly exudative (i.e., 
infl ammatory), occasionally transudative effu-
sion which defi es unequivocal allocation to 
defi ned disease states.    The incidence varies in 
the literature from 5 to 17 %, obviously depend-
ing on the intensity of investigational efforts in 
excluding causative factors (Ryan et al.  1981 ; 
Menzies and Charbonneau  1991 ; Loddenkemper 
 2003    ). The “true” incidence of idiopathic effu-
sion, or more importantly, whether it exists as 
an entity at all (!), remains basically contentious 
and unknown. Its quantitative signifi cance may 
be analyzed in terms of follow-up and outcome 
studies after nondiagnostic thoracoscopy. The 
primary concern in this scenario is that of occult 
malignancy. When corrected for the false-nega-
tive rate of malignancy  – which is in the range 
of 8 % – the remaining large fraction of true 
benign disease at thoracoscopy will contain a 
variable proportion of unexplained (idiopathic) 
effusions. In one series following 75 nonmalig-
nant pleuritis cases at initial thoracoscopy for 
34–48 months, the rate of unexplained pleuritis 
remained as high as 39 % (Venekamp et al. 
 2005 ). In another series which followed 66 
patients with undiagnosed nonselected pleural 
effusion during the subsequent 12 months, 19 
cases (29 %) were identifi ed as truly benign. 
However in only 8 of these, the causative etiol-
ogy could be convincingly established, 11 cases, 
i.e., a fraction as high as 17 % of nonselected 
exudates remained unexplained. For some undi-
agnosed effusions which were previously con-
sidered to be “idiopathic,” the causative 
condition has been identifi ed over time, for 
example, the  postcardiotomy syndrome . Others 
   cases may become apparent after an intensifi ed 
search for remote causes of effusion such as 

familial  Mediterranean fever ,  yellow nail syn-
drome , or a manifestation of various  drug 
adverse reactions . In general, such “diffi cult-to-
diagnose” cryptogenic effusions are rarely pro-
fuse, often bilateral and prone to spontaneous 
remissions but also recurrences. In clinical prac-
tice, the diagnosis should be made employing a 
pragmatic approach using a defi ned exclusion 
sequence where the level of diagnostic invasive-
ness will largely depend on the clinical presen-
tation in terms of the extent and dynamics of the 
fl uid collection. Spontaneous resolution of 
undetermined small effusions will usually obvi-
ate such efforts. On the other hand in profuse, 
persistent, or recurrent effusion of unexplained 
origin, an active strategy such as second-look 
(“redo”) thoracoscopy or invasive escalation to 
surgery (VATS or even formal thoracotomy) 
may be an essential part of the diagnostic 
workup (Breen et al.  2008 ). The prognostic 
focus and diagnostic aim in these instances will 
be to defi nitively exclude occult malignancy.    A 
fi nal diagnosis of idiopathic benign effusion in 
cases presenting with either recurrent or chronic 
effusion should only be made reasonable after a 
thorough thoracoscopic exclusion process. 

 Endoscopic fi ndings in nonmalignant effusion 
of unexplained origin may show highly variable 
but nonspecifi c features. One should keep in 
mind that chronic effusion from a number of 
completely different etiologies may induce simi-
lar secondary changes of the pleura. These 
include diffuse pleural thickening such as  pachy-
pleuritis  or  diffuse fi brinous pleuritis , which pro-
duces a characteristic “sugar powder” appearance 
of both pleural surfaces, and this is even true for 
long-standing transudates. Alternatively, the gen-
eration of membranous pleural thickening and 
loculations may eventually give rise to metabolic 
changes of the pleural fl uid with the formation of 
“cholesterol pleurisy” ( pseudochylothorax ) as 
(and more typically) described in rheumatoid- 
associated pleural disease. 

 As for all exudative effusion, extensive sam-
pling of the pleura is a mandatory part of the tho-
racoscopic exploration to exclude previously 
unsuspected specifi c tissue lesions and thus a dis-
tinct etiologic diagnosis.     
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        The management of spontaneous pneumothorax 
(SP) has been debated over the last two decades 
and lacks from good scientifi c evidence (Schramel 
et al.  1997 ; Miller  2008 ). However most will 
agree that the choice of treatment offered to 
patients with SP should be cost- effective and 
based on robust scientifi c evidence. The primary 
principle should be primum non nocere, fi rst do 
no harm, i.e., the basis of medicine over the cen-
turies. In other words, our responsibility should 
be to offer a benefi cial treatment with minimal 
side effects. In addition, most experts agree that 
there are two aims when treating SP: to evacuate 
air, if necessary, and to prevent recurrences. 

 There is a general consensus that the fi rst epi-
sode of primary SP, if occurring without symp-
toms, can be treated with either observation or 
simple aspiration, and this is supported by good 
evidence from many randomized controlled trials 
(Harvey and Prescott  1994 ; Andrivet et al.  1995 ; 
Noppen et al.  2002a ). However this is not 
refl ected in daily hospital practice as documented 
by Grundy and Bentley (see chapter   13       ). We also 

know that many patients who present with a fi rst 
episode of primary SP still receive, as routine 
treatment, a chest tube insertion, although it has 
been clearly shown that a chest tube does not 
bring more benefi t to the patient and indeed is 
more painful than simple aspiration (Ayed et al. 
 2006 ; Marquette et al.  2006 ). Recently, Miller 
advised a more evolved view on the treatment of 
pneumothorax than immediately using a large-
bore intercostal tube (Miller  2008 ). This initial 
method of drainage of primary spontaneous 
pneumothorax should now be considered as 
unacceptable medical practice (Astoul  2010 ). 

 Irrespective of the type of drainage used, it is 
of critical important to manage the pain associ-
ated with the chosen treatment. When the fi rst 
randomized controlled trial comparing chest tube 
drainage with simple thoracoscopic talc poudrage 
was performed, we learned an important lesson 
(Tschopp et al.  2002 ). Seven European institu-
tions participated in this study; two out of the 
seven centers did not give any opioids at all – even 
to patients undergoing talc poudrage. Pain score 
as measured by VAS was signifi cantly greater 
after talc poudrage than chest tube insertion. This 
fi nding disappeared when patients from the two 
centers were excluded from the analysis. These 
were European reference centers for the treatment 
of pleural diseases. This demonstrates that as cli-
nicians, we sometimes forget to ask patients about 
pain, although it is accepted that opioids are safe 
and effi cient to treat this unpleasant symptom. 

 The second aim in the management of SP is 
therefore to prevent recurrence; this occurs in about 
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30 % of patients after a fi rst episode of primary SP. 
As discussed in the next article, there are many 
approaches to prevent recurrences ranging from 
surgery such as thoracotomy, minithoracotomy, or 
video-assisted thoracic surgery (VATS) to noninva-
sive techniques such as medical thoracoscopy with 
talc poudrage. It has been clearly shown for many 
decades (Almind et al.  1989 ; Boutin et al.  1991 ; 
Bresticker et al.  1993 ; Tschopp et al.  1997 ) that the 
recurrence rate after performing simple talc pou-
drage under thoracoscopy is similar to the recur-
rence rate associated with the surgical treatment of 
SP. Therefore medical thoracoscopy is truly minin-
vasive, cost- effective, and safe as no serious side 
effects have ever been recorded with the graded talc 
we commonly use in Europe (Janssen et al.  2007 ; 
Bridevaux et al.  2011 ). This is contrary to the safety 
profi le associated with the talc used in USA or 
Brazil (Werebe et al.  1999    ; Campos et al.  1997    ). 
Moreover the cost of this simple procedure per-
formed under local anesthesia is about one fi fth that 
of any surgical treatment including VATS as sug-
gested in a noncontrolled study (Schramel et al. 
 1996 ) and later confi rmed in our multicenter 
European randomized study (Tschopp et al.  2002 ). 
There was no difference in total calculated costs 
between the arm with chest tube drainage and the 
arm with talc poudrage. Moreover, in this cost cal-
culation, costs of hospital readmission were not 
taken into account, although it was certainly higher 
in the group who only had chest tube drainage as 
compared with the group who had pleurodesis via 
talc poudrage (the observed relapse rate of SP after 
5 years of follow-up was 27 % (chest tube drainage) 
versus 5 % (talc poudrage)). Cardillo et al. con-
fi rmed these results by presenting a prospective 
study which enrolled more than 800 cases and con-
fi rmed the previous reported fi ndings already shown 
by an Israeli group (Cardillo et al.  2006 ; Weissberg 
and Refaely  2000 ). One explanation to the paucity 
of scientifi c evidence might be that talc is consid-
ered as dangerous, based on many studies per-
formed in English-speaking countries, which 
contrasts with the results obtained in Europe over 
the last 50 years. Short-term safety was question-
able; even serious complications are extremely rare 
and have only been observed in studies from the 
USA, Brazil, and New Zealand (Sahn  2002 ). The 

occurrence of these serious complications seemed 
to be independent of the underlying disorder (malig-
nant effusion or pneumothorax), the volume of talc 
used (2–10 g), or the method of administration 
(slurry or poudrage). Talc dissemination has been 
observed in virtually all organs when North 
American or Brazilian talc was used (Kennedy et al. 
 1995    ; Werebe et al.  1999 ) but not when extremely 
high doses were used (Montes et al.  2003    ), whereas 
no talc dissemination occurred when European, 
size-calibrated talc was used (Fraticelli et al.  2002    ). 
These differences can be attributed to the variations 
in talc preparations due to the number or proportion 
of small-sized talc particles (Ferrer et al.  2001    ). 
Small particle-sized talc causes lung damages, more 
infl ammation, and impaired gas exchange than 
large particle-sized talc (Maskell et al.  2004    ). There 
has been now many animal and clinical studies 
demonstrating that the talc used in Europe is safe 
and does not provoke ARDS when used in the man-
agement of cases with recurrent SP (Noppen  2007 ; 
Bridevaux  2011 ) and as already published in the 
higher risk patient population with poor perfor-
mance status, i.e., in patients with malignant pleural 
effusion (Janssen et al.  2007 ), and more recently the 
safety profi le was also confi rmed in more than 350 
patients treated by simple talc poudrage after recur-
rence of SP, i.e., young patients in good health 
(Bridevaux et al.  2011 ). Nowadays regarding to the 
long-term safety of talc poudrage, we can briefl y 
summarize this procedure does not cause pulmo-
nary fi brosis, signifi cant impairment of pulmonary 
function, and pleural cancer (Tschopp  1997 ; Lange 
et al.  1988 ; Viskum et al.  1989    ) and does not pre-
clude VATS re- intervention (Doddoli et al.  2004    ).    
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13.1            Introduction 

 Spontaneous pneumothorax is a relatively com-
mon disease with an incidence for primary spon-
taneous pneumothorax (PSP) of 18–28/100,000 
per year in males and 1.8–6/100,000 per year in 
females (Henry et al.  2003 ) and rates for second-
ary spontaneous pneumothorax (SSP) of 
6.3/100,000 in males and 2.0/100,000 in females 
(Melton et al.  1979 ). Despite the publication of 
numerous national and international guidelines, 
there remains debate over the best way to manage 
both primary and secondary pneumothorax. After 
a fi rst episode of primary pneumothorax, the 
5-year recurrence rate without pleurodesis/pleu-
ral abrasion is 30–50 % (Sadicot et al.  1997 ). 
Debate remains over the best time for a defi nitive 
procedure to prevent recurrence and indeed what 
the best form of intervention is either apical pleu-
rectomy/pleural abrasion +/- bullectomy via 
VATS or thoracotomy or medical thoracoscopy 
with talc poudrage. Medical thoracoscopy can be 
a safe and effective method for offering recur-

rence prevention (Boutin et al.  1991 ), but is not 
widely accepted. Current UK guidelines do not 
include medical thoracoscopy for defi nitive 
recurrence prevention of PSP (Henry et al.  2003 ). 

 In this chapter we will review the  classifi cation 
and pathology of spontaneous pneumothorax and 
summarise the management strategies for the ini-
tial management of pneumothorax. Recurrence 
prevention strategies for spontaneous pneumo-
thoraces will be discussed, in particular the role 
of medical thoracoscopy compared with surgical 
techniques. An outline of the practicalities of 
medical thoracoscopy will also be described.  

13.2     Classifi cation 

 Pneumothorax can be classifi ed as spontaneous or 
traumatic (Table  13.1 ). Spontaneous pneumotho-
rax is then further subclassifi ed into primary and 
secondary spontaneous pneumothorax (Miller 
 2008 ). Primary spontaneous pneumothorax occurs 
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   Table 13.1    Classifi cation of pneumothorax   

 Type  Aetiology 

 Primary 
spontaneous 

 No underlying lung disease (but 
blebs/bullae commonly present) 

 Secondary 
spontaneous 

 Associated with underlying lung 
disease, e.g. COPD, Cystic 
Fibrosis, AIDS 

 Traumatic  Related to trauma to the thorax 
 Iatrogenic  Secondary to transthoracic or 

transbronchial lung biopsy (10 %), 
central venous catheterisation, 
supraclavicular nerve block 
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in the presence of no underlying lung disease, 
whereas secondary pneumothorax occurs in asso-
ciation with underlying lung disease. The most 
common associated pathologies are COPD, emphy-
sema and in association with AIDS and asthma. 
However secondary pneumothorax can occur in 
association with any pulmonary pathology.

13.3        Pathology 

 Spontaneous pneumothorax, both primary and 
secondary, has been shown to be associated with 
the presence of pleural blebs/bullae – also termed 
‘emphysema like changes’ (Figs.  13.1 ,  13.2 , and 
 13.3 ). Blebs/bullae are visible on CT scanning in 
89 % of patients with PSP (Mitlehner et al.  1992 ), 
in 90 % of cases at visual inspection using video- 
assisted thoracoscopy (Mouroux et al.  1996 ) and 
up to 100 % of cases at thoracotomy (Donohue 
et al.  1993 ). It has long been assumed that the 
cause of spontaneous pneumothorax is rupture 
of these blebs/bullae (Light  2001 ). Despite this 
widely held opinion, there is no direct evidence 
which confi rms rupture of blebs/bullae as the 
cause of SP. An Electron microscopy study of 
resected tissue has failed to confi rm the pres-
ence of rupture in any blebs/bullae (Ohata et al. 
 1980 ). More recently, an elegant study using 

  Fig. 13.1    Small blebs in 
spontaneous pneumothorax. 
The blebs ( white arrows ), 
close to the fi ssure ( black 
arrow ) and are visible at 
thoracoscopy with high-
quality optical magnifi cation. 
Anthracotic deposits are 
located on the surface 
of the lung (Courtesy C 
Boutin and Ph Astoul, 
Marseille, France)       

  Fig. 13.2    Blebs ( black arrow ) on the apical surface of the 
lung (*). This translucent and fragile blister has a very 
thin, nonvascularised wall and is very frequently found in 
patient with primary spontaneous pneumothorax. In this 
case it is very close to the subclavian artery ( white arrow ) 
(Courtesy C Boutin and Ph Astoul, Marseille, France)       

 

 

S. Grundy and A. Bentley



147

fl uorescein- enhanced autofl uorescence at thora-
coscopy to study the visceral pleura of patients 
with spontaneous pneumothorax has shown that 
patients who have spontaneous pneumothorax 
have evidence of diffuse pleural abnormalities 
at sites not associated with pleural blebs/bullae. 
Interestingly this study noted areas of air leak 
in a small proportion of patients. None of the 
observed air leaks were directly associated with 
pleural bullae (Noppen et al.  2006 ).

     PSP has been shown to be associated with an 
infl ammatory process within the lung, with 
increased numbers of infl ammatory cells, particu-
larly macrophages present in bronchoalveolar 
lavage (Schramel et al.  1995 ), and the histology of 
resected lung reveals the presence of an obstructive 
bronchiolitis (Lichter et al.  1971 ). Furthermore, the 
risk of recurrence cannot be predicted by the pres-
ence of blebs/bullae either at thoracoscopy (Janssen 
et al.  1995 ) or on CT imaging (Martinez-Ramos 
et al.  2007 ). It has been hypothesised that the site of 
air leak is actually distant to the blebs/bullae and 
related to increased distal airways pressures conse-
quent to obstructive bronchiolitis (Noppen    et al. 
 2002b ). It is important to bear in mind that the site 
of air leak is unlikely to be solely from the blebs/
bullae when we later consider recurrence preven-
tion techniques (Fig.  13.4 ).

  Fig. 13.3    Emphysematous bullae with a vascularised 
surface and a size usually superior than 2 cm in diameter. 
In this case, the bullae are infl ated and therefore it is not 
the cause of the spontaneous pneumothorax (Courtesy Ph 
Astoul, Marseille, France)       

  Fig. 13.4    Spontaneous 
pneumothorax due to the 
rupture ( black arrow ) of a 
large emphysematous bullae 
on the lung apex ( white 
arrow ). However the site of 
air leak is unlikely to be 
solely from the blebs/bullae 
when we consider recurrence 
prevention techniques 
(* parietal pleura) (Courtesy 
C Boutin and Ph Astoul, 
Marseille, France)       
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13.4        Management 
of Spontaneous 
Pneumothorax 

13.4.1     Initial Treatment 

 There are a number of published guidelines 
which make recommendations regarding the 
management of both primary and secondary 
spontaneous pneumothorax (Henry et al.  2003 ; 
Baumann et al.  2001 ). There are differences 
between the guidelines which highlight the fact 
that the optimal management strategy for sponta-
neous pneumothorax is yet to be defi ned. Detailed 
discussion of the initial management of sponta-
neous pneumothorax is beyond the scope of this 
chapter but includes observation, pleural aspira-
tion and intercostal drainage. The choice of ini-
tial treatment option depends upon the size of the 
pneumothorax, the physiological impact on the 
patient and whether there is underlying pulmo-
nary disease (Marquette et al.  2006 ). Small pneu-
mothoraces which have minimal physiological 
impact on the patient can safely be observed 
without invasive intervention. If removal of air is 
warranted, then the initial approach should be 
simple aspiration (Astoul  2010 ). This has been 
conclusively shown in randomised controlled tri-
als to be equally effective as intercostal drain 
insertion with a success rate of approximately 
80 % (Noppen et al.  2003 ; Andrivet et al.  1995 ; 
Ayed et al.  2006 ; Harvey and Prescott  1994 ). If 
aspiration is unsuccessful or the patient is 
severely compromised, then an intercostal drain 
should be inserted. The presence of underlying 
pulmonary disease lowers the threshold for con-
sideration of insertion of an intercostal drain 
rather than simple aspiration. Accurate estima-
tion of the size of a pneumothorax on a plain 
chest radiograph can be diffi cult but for clinical 
purposes is guided by the distance of the lung 
edge from the cupola/chest wall. A distance of 
>2 cm should be regarded as signifi cant.  

13.4.2     Recurrence Prevention 

 Spontaneous pneumothorax is associated with a 
signifi cant recurrence rate. After a fi rst primary 

spontaneous pneumothorax treated without any 
form of pleurodesis, the recurrence rate is 
approximately 30 % with most recurrences 
occurring in the fi rst 2 years (Schramel et al. 
 1997 ). The recurrence rate increases signifi cantly 
after a second and third episode to 62 and 83 % 
respectively (Gobbel et al.  1963 ). Independent 
risk factors for recurrence of a primary spontane-
ous pneumothorax include ongoing cigarette 
smoking, increasing age and height (Lippert et al. 
 1991 ). The risk of recurrence after a secondary 
spontaneous pneumothorax is higher than that for 
a primary spontaneous pneumothorax (Lippert 
et al.  1991 ) approaching 40–50 % with similar 
independent risk factors to PSP. Importantly, the 
presence of blebs/bullae either ipsilaterally or 
contralaterally is not predictive of recurrence 
(Martinez-Ramos et al.  2007 ) and hence should 
not be used to guide management decisions. 
Given the risk of recurrence, particularly after a 
second PSP, recurrence prevention is an impor-
tant aspect of the management of spontaneous 
pneumothorax. 

 Procedures available for recurrence preven-
tion include pleurodesis through an intercostal 
drain with talc (Almind et al.  1989 ), medical tho-
racoscopy with talc poudrage and surgical inter-
vention with a combination of treatment of blebs/
bullae (bullectomy/wedge resection/stapling of 
bullae) and a form of pleurodesis either chemical 
or with abrasion or subtotal pleurectomy. The 
surgical interventions can be carried out through 
video-assisted thoracic surgery (VATS) or via 
thoracotomy. Table  13.2  summarises the reported 
effi cacy of these different approaches.

   Pleurodesis through an intercostal drain is less 
effective than other treatment options with a 
recurrence rate of 8–13 % depending on the 
pleurodesing agent used – with talc shown to be 
the most effective agent (Almind et al.  1989 ). 
However this technique should be considered for 
those either unwilling or unfi t to undergo more 
invasive procedures (Kennedy et al.  1995 ). The 
reason for the lower effi cacy of pleurodesis with-
out visualisation of the pleura (slurry) may be 
related to the inability to confi rm diffuse spread of 
the pleurodesing agent. 

 For all other patients, a more invasive approach 
should be taken. There are proponents for both 
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surgical intervention and medical thoracoscopy. 
A dearth of randomised controlled trials compar-
ing the different approaches makes it diffi cult to 
say with certainty what the best approach is. The 
‘gold standard’ in terms of recurrence prevention 
remains intervention via thoracotomy (Henry 
et al.  2003 ) as this has been shown to have a very 
high success rate approaching 100 % in some 
series (Nkere et al.  1994 ; Athanassiadi et al. 
 1998 ), but most surgeons prefer VATS (Baumann 
et al.  2001 ) which is associated with less cost and 
has lower rates of morbidity and mortality (Crisci 
et al.  1996 ). VATS procedures are much more 
commonly performed in the current era com-
pared to thoracotomy. VATS procedures are 
acknowledged to have a slightly lower success 
rate with a long-term recurrence rate of approxi-
mately 5 % (Ayed and Raghunathan  2000 ) and a 
relative risk of  recurrence of 4.7 when compared 
to thoracotomy (Barker et al.  2007 ), but this is 
balanced by the lower morbidity/mortality. 

 There are two key differences between a surgi-
cal approach (VATS or thoracotomy) and medical 
thoracoscopy. The fi rst is that surgical therapies 
require a general anaesthetic with its inherent 
risks and secondly most surgeons will carry out 
both pleurodesis of some form and a treatment 
directed at removing/repairing any blebs/bullae. 
As discussed earlier, there is no evidence to sup-
port the view that blebs/bullae are the sole site of 
air leak and indeed there is a body of evidence to 
support the fact that they are not the source of air 
leak. Although there has been no randomised con-
trolled trial comparing pleurodesis + surgical 

repair of blebs/bullae with pleurodesis alone, a 
number of surgical studies have clearly shown 
that the risk of recurrence of pneumothorax is sig-
nifi cantly higher if some form of pleurodesis is 
not carried out irrespective of the other surgical 
interventions performed (Hatz et al.  2000 ; Liu 
et al.  1995 ; Korner et al.  1996 ). 

 The timing of intervention is a further area of 
debate. There is a broad consensus that any patient 
presenting with a recurrent or contralateral pneu-
mothorax, be it primary or secondary, should be 
offered some form of recurrence prevention as the 
risk of a further pneumothorax after a fi rst recur-
rence is signifi cantly higher than after a fi rst event 
(Gobbel et al.  1963 ). Some guidelines recom-
mend recurrence prevention for all secondary 
spontaneous pneumothoraces on the grounds that 
the clinical impact of a pneumothorax on a patient 
with underlying lung disease is much greater 
(Baumann et al.  2001 ). The area of greatest debate 
is whether or not to offer recurrence prevention to 
patients after a fi rst PSP. In this situation we have 
to balance the risk of recurrence (approximately 
30 %) against the risk of carrying out invasive 
pleural procedures. It has been shown that carry-
ing out VATS on fi rst time PSP is a cost-effective 
strategy as compared with conservative treatment, 
as the costs of treating recurrent pneumothoraces 
are signifi cant (Schramel et al.  1996 ). These 
authors recognised that the cost of medical thora-
coscopy and talc poudrage is 62 % less than VATS 
and would be even more cost-effective. This is 
supported by similar evidence from other groups 
(Tschopp et al.  2002 ).   

   Table 13.2    Different approaches for the management of recurrent spontaneous pneumothorax   

 Reference  Technique  Procedure  PSP/SSP/mixed  Success rate (%) 

 Athanassiadi et al. ( 1998 )  Thoracotomy  Stapling of bullae + pleural 
abrasion 

 Mixed  99 

 Korner et al. ( 1996 )  Thoracotomy  Wedge resection  Mixed  95 

 Ayed and Raghunathan ( 2000 )  VATS  Stapling of bullae + pleural 
abrasion 

 Mixed  95 

 Lang-Lazdunski ( 2003 )  VATS  Bleb excision/pleural 
abrasion 

 PSP  97 

 Maskell et al. ( 2004 )  MT  TP  SSP  95 
 Tschopp et al. ( 1997 )  MT  TP  Mixed  95 
 Tschopp et al. ( 2002 )  MT  TP  PSP  95 

  Abbreviations:  MT  medical thoracoscopy,  PSP  primary spontaneous pneumothorax,  SSP  secondary spontaneous pneu-
mothorax,  TP  talc poudrage  
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13.5     The Role of Medical 
Thoracoscopy 
in the Management 
of Spontaneous 
Pneumothorax 

 Medical thoracoscopy and talc poudrage has 
been employed, with good effect, as a method of 
recurrence prevention for both primary and sec-
ondary spontaneous pneumothorax for over three 
decades (Guerin and Boutin  1999 ). More inva-
sive procedures such as pleurectomy or bullec-
tomy cannot be performed without either general 
anaesthesia with single-lung ventilation or epi-
dural anaesthesia. We discuss in detail here the 
supporting evidence for and the role of medical 
thoracoscopy–talc poudrage (MT–TP) in the 
management of both primary and secondary 
pneumothorax and follow on from this with a dis-
cussion of the technical aspects of talc poudrage 
via medical thoracoscopy for pneumothorax 
(Campos et al.  1997 ; Ferrer et al.  2001 ). 

13.5.1     Primary Spontaneous 
Pneumothorax 

 Given that the aetiology of primary spontaneous 
pneumothorax has never been shown to be directly 
related to rupture of bullae and that the pleura of 
patients with spontaneous pneumothorax has 
been shown to be diffusely abnormal at areas dis-
tant to any bullae or blebs, the requirement for 
anything more than effective pleurodesis can be 
debated. It has been shown that a diffuse form of 
pleurodesis, i.e. talc poudrage, is more effective 
than a local form of pleurodesis, i.e. subtotal pleu-
rectomy (   Bresticker et al.  1993 ; Cardillo et al. 
 2006 ). Talc poudrage was fi rst described in 1935 
and has been used successfully as a sole method 
of recurrence prevention by cardiothoracic sur-
geons carrying out thoracoscopy under general 
anaesthetic (Nandi  1980 ; van de Brekel  1993 ). 
The early case series reported in the medical lit-
erature for MT–TP reported on its use for either 
complicated pneumothorax (i.e. prolonged air 
leak) or recurrent pneumothorax. These series 
treated both primary and secondary pneumothora-

ces. They reported good long-term effi cacy with 
recurrence rates of 7 % (Guerin and Boutin  1999 ; 
El Khawand  1995 ). More recently a prospective 
study evaluating the safety and effi cacy of MT–
TP for both complicated pneumothorax and recur-
rent pneumothorax showed MT–TP to be a safe 
and effective method of recurrence prevention 
(Tschopp et al.  1997 ). This study recruited 89 
patients, and after a mean follow-up of 5.1 years, 
there was a recurrence rate of 5 %, which are on a 
par with the effi cacy rates quoted for VATS proce-
dures for pneumothorax recurrence prevention 
(Ayed and Raghunathan  2000 ). This study did 
note that recurrence of pneumothorax was signifi -
cantly more likely in the presence of bullae greater 
than 2 cm in diameter. 

 The fi rst, and to date only, multicentre ran-
domised controlled study evaluating MT–TP has 
compared the effi cacy, complications and cost- 
effectiveness of MT–TP with simple pleural drain-
age for the management of primary spontaneous 
pneumothorax (Tschopp et al.  2002 ). This study 
recruited 108 patients with either fi rst episode or 
recurrent PSP who had failed aspiration and ran-
domised them to either intercostal drain or MT–
TP (Fig.  13.5 ). This study showed that the early 
success rate of MT–TP was signifi cantly higher 
than intercostal drain alone (1.6 % vs 21.7 %), and 

  Fig. 13.5    View of the apex after talc poudrage procedure. 
The particles of talc have been gently spread on the surface 
of the lung with a talc atomiser. This technique uses asbes-
tos-free calibrated talc and is the gold standard to induce 
pleurodesis (Courtesy Ph Astoul, Marseille, France)       
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late recurrence with a mean follow- up of 5 years 
was signifi cantly lower for those patients who 
underwent MT–TP (5 % vs 34 %). The length of 
hospital stay and total costs were similar between 
the two groups, and if a calculation is included for 
the cost of recurrent episodes, then early interven-
tion with MT–TP is more cost- effective than inter-
costal drain alone. Those who underwent MT–TP 
did suffer slightly more pain than those who 
underwent intercostal drain alone, but in the cen-
tres which provided opiate analgesia routinely to 
all patients, this difference was negated. In support 
of this data, another study which evaluated the 
effi cacy and cost- effectiveness of VATS surgery 
with conservative treatment in a similar patient 
group found VATS to be both more cost-effective 
than conservative treatment with a 2-year recur-
rence rate of 4 %. The authors of this study recog-
nised that MT–TP would be 62 % less costly than 
VATS and thus expected to be even more cost-
effective (Schramel et al.  1996 ). This data would 
support a more aggressive policy of intervention 
than is currently standard, and perhaps the risk of 
recurrence against the side effects of MT–TP 
should be discussed with all patients with PSP to 
allow them to make an informed decision about 
how they wish to be managed (Sahn  2002 ).

13.5.2        Secondary Spontaneous 
Pneumothorax 

 Secondary spontaneous pneumothorax has a 
higher recurrence rate after the fi rst episode 
due to the presence of underlying lung disease 
and therefore carries signifi cantly greater risk 
to the patient than a primary spontaneous pneu-
mothorax. As recognition of this, some major 
guidelines for pneumothorax recommend recur-
rence prevention after a fi rst episode (Baumann 
et al.  2001 ). VATS surgery with bullectomy/
pleurectomy is the standard recommendation. 
However, this requires a general anaesthetic with 
 single- lung ventilation which carries signifi cant 
risk of morbidity and mortality, particularly for 
patients with underlying severe lung disease. For 
patients deemed unfi t for a general anaesthetic 
or for those who would prefer not to undergo 

general anaesthetic, then medical thoracos-
copy–talc poudrage is a safe and effective treat-
ment  alternative. This has been shown in a study 
evaluating the safety and effi cacy of MT–TP for 
patients with moderate to severe COPD (mean 
FEV 1  0.88 l). The long-term success rate in this 
group was 95 % at 35 months (Maskell et al. 
 2004 ; Lee et al  2004 ). However, this study did 
reveal a signifi cant 30-day mortality rate of 10 %. 
The early mortality was directly related to severe 
underlying lung disease, low BMI and associated 
ischaemic heart disease. These risks should be 
discussed with individual patients and weighed 
up against the signifi cant risk of pneumothorax 
recurrence after a fi rst episode. As the risk of 
recurrence of pneumothorax seems to be higher 
in the presence of large bullae (>2 cm) and this 
may be particularly important for patients with 
bullous emphysema. 

13.5.2.1     Summary 
 The available data supports MT–TP to be both a 
safe method and an effective method for offering 
recurrence prevention to patients with both pri-
mary and secondary pneumothorax. Many 
patients (Bridevaux et al.  2011 ; Doddoli et al. 
 2004 ; Fraticelli et al.  2002 ; Lange et al.  1988 ), 
with secondary pneumothorax are deemed 
unsuitable for surgical intervention, and as such, 
MT–TP would be the most effective method for 
this, with better results than simple talc pleurode-
sis via intercostal drain. 

 There is an argument in favour of being more 
invasive in the treatment of fi rst episode PSP, and 
MT–TP can have a signifi cant role in this situa-
tion as it is safe and effective and carries signifi -
cantly lower healthcare costs when compared to 
either VATS or thoracotomy (Viskum et al.  1989 ; 
Weissberg and Refaely  2000 ).   

13.5.3     Technical Aspects 

 The technique for MT–TP for the treatment of 
spontaneous pneumothorax is similar to thoracos-
copy for the diagnosis and treatment of pleural 
effusions. It should be carried out at the time of the 
pneumothorax whilst an intercostal drain is in situ 
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to allow insuffl ation of air to collapse the underly-
ing lung prior to port insertion. Premedication 
with atropine and morphine/pethidine with titrated 
midazolam is often employed as analgesia and 
conscious sedation. Continuous monitoring of 
blood pressure, electrocardiogram and pulse 
oximetry is required. With the patient in the lateral 
decubitus position, a single port is inserted into the 
third or fourth intercostal space after checking the 
lung is properly collapsed. After inspection of 
both the parietal and visceral pleura, 1–2 g of 
graded talc is gently insuffl ated into the pleural 
space paying attention to achieving spread of talc 
diffusely over the pleura and diaphragm. Talc pou-
drage in the setting of pneumothorax management 
can be intensely painful, and patients should be 
administered additional analgesia prior to insuffl a-
tion. Post-procedure the intercostal drain should 
be attached to an underwater seal with 10–20 cm 
H 2 O suction. The drain can be removed when the 
air leak has ceased and the lung expanded. If there 
is persistent air leak after 1 week of suction, a 
repeat procedure should be considered.   

    Conclusions 

 Although there is evidence supporting medi-
cal thoracoscopy–talc poudrage to be a safe 
and effective treatment modality for pneumo-
thorax recurrence prevention, currently VATS 
surgery with pleurectomy/bullectomy remains 
the procedure of choice in many centres. 
However, there remains a dearth of evidence 
to support the use of resection of blebs/bullae 
over and above a pleurodesis. A randomised 
controlled study of the effi cacy of VATS bul-
lectomy talc poudrage compared with medical 
thoracoscopy–talc poudrage would be under-
taken in an ideal world. Medical thoracos-
copy–talc poudrage has been shown to be a 
cost-effective method of treating primary 
spontaneous pneumothorax. It has low mor-
bidity/mortality rates when compared with 
VATS surgery and avoids the need for general 
anaesthesia. In these circumstances there is no 
reason why MT–TP could not be more for-
mally regarded as a defi nitive treatment option 
for prevention of recurrence of pneumothora-
ces including PSP.     
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14.1            Introduction 

 Recurrent pleural effusion is commonly seen in 
clinical practice and results from the anatomical 
and/or functional impairment of the pleural sur-
faces by benign or malignant processes. There is 
a wide range of clinical entities responsible for 
the production of these effusions and can be sub-
grouped according to the biochemistry of the 
fl uid into transudates (resulting, in particular, 
from heart, liver, or kidney failure) and exudates 
(principally generated by nonspecifi c infections, 
tuberculosis, or neoplasms). 

 In this context, the signifi cant predominance 
of cancer, which accounts for approximately 
50 % of the total number of these cases, must be 
highlighted (DiBonito et al.  1992 ). It is estimated 
that there are approximately 200,000 new cases 
of malignant pleural effusion per year in the USA 
(Light  1995 ). 

 The treatment for recurrent pleural effusion is 
complex and is aimed at preventing fl uid collec-
tion and maintaining the pleural cavity free from 
new fl uid accumulation. The fi rst step is to 
address the pathological process responsible for 
the formation of the effusion. In the case of tran-
sudates, the treatment is aimed at treating the 

heart, kidney, or liver failure, whereas it is aimed 
at treating the infection or cancer in the case of 
exudates. However, when the systemic treatment 
of the condition responsible for the formation of 
the effusion does not control the fl uid accumula-
tion and does not prevent its recurrence, local 
treatment should be recommended, allowing the 
free expansion of the lung with subsequent func-
tional improvement. Methods include initial tho-
racentesis, pleural drainage, pleuroperitoneal 
shunt, pleurectomy, and pleurodesis. 

 The objective of the initial thoracentesis is the 
removal of fl uid from the pleural cavity in order 
to achieve lung expansion and subsequent func-
tional improvement. However, due to the poten-
tial risks of this procedure, caution is needed 
regarding the volume to be removed from the 
pleural cavity. Therefore, it is recommended that, 
even in large effusions, fl uid removal should not 
exceed 1,500 ml since the removal of larger vol-
umes of fl uid increases the risk of developing 
pulmonary edema, in addition to respiratory or 
hemodynamic alterations that can ultimately 
result in respiratory distress syndrome or hemo-
dynamic shock. 

 Pleural fl uid removal, performed with all the 
necessary precautions, is well tolerated and sig-
nifi cantly improves the dyspnea caused by the 
effusion. Nevertheless, since the fl uid can rapidly 
reaccumulate, performing multiple thoracenteses 
becomes a temporary alternative in the control of 
a recurrent pleural effusion. The need for multiple 
punctures is physically and emotionally invasive, 
resulting in protein and electrolyte depletion. 
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 The second option to be considered is pro-
longed drainage to maintain the pleural cavity 
free of fl uid. It should be noted that leaving a 
drain in place for long periods (a month or more) 
can, in itself, result in symphysis of the pleural 
surfaces, which is positive outcome. Nonetheless, 
prolonged drainage results in great nutritional 
deprivation, increases the risk of pleural infec-
tions, and can decrease survival (Vargas et al. 
 2004 ). Until recently, such drainage was per-
formed with large-bore thoracic drains (34–40 F), 
which have now been replaced by small-caliber 
catheters in most institutions (maximum, 16 F). 

 The third option is using a pleuroperitoneal 
shunt, which is nothing more than a thin catheter 
with a receptacle (a unidirectional valve) at its 
midpoint. The extremities of the shunt are placed 
in the pleural and peritoneal cavities, and the 
catheter, including the receptacle, follows a sub-
cutaneous path. When the patient presents wors-
ening of symptoms (basically dyspnea), the 
receptacle is repeatedly compressed, removing 
fl uid from the pleural cavity and, by virtue of its 
unidirectionality, sending it to the peritoneal cav-
ity. The inconvenience of this system lies in the 
small volume of the valve chamber (+2 ml), 
which can require an exhaustive number of com-
pressions of this compartment. For the removal 
of 400 ml pleural fl uid, for example, more than 
200 compressions are necessary. Other negative 
aspects of the system are the high valve obstruc-
tion rate, the risk of neoplastic implantation in 
the abdominal cavity, and the high costs (Genc 
et al.  2000 ). 

 The fourth option is pleurectomy. It is 
undoubtedly the most effective procedure. 

 However, it is often contraindicated due to the 
accompanying high rates of morbidity and mor-
tality (Vargas and Teixeira  1996 ). 

 In fact, the high risk of complications is justi-
fi able since it is major surgery and the candidates 
are patients with impaired general health status. 
It represents a highly aggressive treatment option 
in a group of patients with limited survival. 

 Finally, there is pleurodesis, that is, the inten-
tional collapse of the pleural surfaces (visceral 
and parietal) resulting in the symphysis of the 

pleural space, which hinders the accumulation of 
fl uid. This has been the procedure most often 
used when there is complete pulmonary re- 
expansion and the general condition of the patient 
is good. It is currently the best option for the con-
trol of recurrent malignant pleural effusion 
(Dikensoy and Light  2005 ). 

 Pleurodesis reduces the dyspnea caused by 
fl uid accumulation in the pleural space and con-
sequently results in greater functional capacity 
and a better quality of life. 

 The aim of this chapter is to discuss the strate-
gies for inducing pleurodesis in patients with 
recurrent pleural effusion, especially those of 
neoplastic origin. 

 In this review, due to the current tendency 
toward simplifi cation of the pleurodesis proce-
dure, the integration of the skills of clinical 
 pulmonologists, thoracic surgeons, and oncolo-
gists will be discussed in a joint section, in order 
to promote effective and minimally invasive 
pleurodesis.  

14.2     Indications 

14.2.1     Recurrent Benign Pleural 
Effusions 

 The performance of pleurodesis in recurrent 
benign (transudative) pleural effusion is contro-
versial and should be regarded as a procedure 
reserved for use in exceptional cases (de Campos 
et al.  2001 ). 

 There exist no controlled, randomized, or 
comparative studies evaluating the effi cacy and 
safety of pleurodesis in benign processes. The 
fi ndings of observational studies suggest that, in 
these situations, pleurodesis is effi cacious and 
safe. 

 However, there is the theoretical fear that, 
after pleurodesis of the transudates, the pleural 
fl uid will begin to accumulate in other tissues, 
such as those of the pulmonary parenchyma 
(Webb et al.  1992 ). Therefore, pleurodesis is per-
formed in recurrent benign pleural effusion in 
those rare situations in which there is an absolute 
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failure of the clinical treatment of the underlying 
disease. 

 Liver, kidney, and heart failure account for the 
majority of recurrent benign pleural effusion; 
however, hypoproteinemia and previous myocar-
dial revascularization should also be included in 
the differential.  

14.2.2     Recurrent Malignant 
Pleural Effusions 

 The main indication for pleurodesis resides with 
this group of patients. However, not all the 
patients with malignant pleural effusion benefi t 
from the procedure. In some situations, there is a 
consensus regarding the induction of pleurodesis; 
in others, it is absolutely controversial. 

 Once an indication for pleurodesis has been 
satisfi ed, the ideal moment at which to perform 
the procedure should be analyzed. Some authors 
argue that pleurodesis should be performed as 
soon as possible after the diagnosis has been con-
fi rmed (Marrazzo et al.  2005 ). Others recommend 
performing pleurodesis only if chemotherapy 
fails to control the pleural effusion. However, 
there is no evidence to support the use of the latter 
strategy. In this situation, the assessment for con-
trol of the pleural effusion (radiological regres-
sion of the effusion and decreased number of 
thoracenteses to maintain relief of dyspnea) can 
be undertaken after one or two cycles of 
chemotherapy. 

 Although there are factors in favor of and 
against these approaches, both indications are 
currently accepted. 

 Once the timing of pleurodesis has been 
decided, other factors, despite not enjoying a 
consensus, can modify the indications for 
pleurodesis and therefore should be considered, 
since they can interfere with the expected result. 
Low pH (<7.3) (Crnjac et al.  2004 ), low glucose 
level (<60 mg/dl), and the presence of a chylo-
thorax have been related to a poorer prognosis 
and decreased effi cacy of pleurodesis (Fig.  14.1 ), 
independent of the technique and of the agent 
used (Vargas and Teixeira  1996 ).

   The presence of lymphangitis (Figs.  14.2 , 
 14.3 , and  14.4 ), a disseminated pleural carcino-
matosis (Fig.  14.5 ), and a performance status 
index lower than 70 have been associated with a 
poorer clinical course after the induction of 
pleurodesis (Vargas and Teixeira  1996 ). Finally, 
lung entrapment (Figs.  14.6 ,  14.7  ,and  14.8 ), 
either due to pleural loculations or to failure 
of pulmonary expansion, reduces the effi cacy of 
pleurodesis, as well as increasing the risk of infec-
tions in the pleural space. Therefore, pleurodesis 
is not recommended under these conditions 
(Vargas et al.  2004 ).

14.3               Types of Procedures 

 Pleurodesis can be achieved using a variety of 
stimuli: direct physical abrasion, instillation of 
caustic or irritating chemical substances (talc, 
doxycycline, silver nitrate, or bleomycin) into the 
pleural space, or immunological induction with 
Corynebacterium parvum, transforming growth 
factor beta (TGF-ß) or interferon-alpha 2 
(IFN-a 2). 

  Fig. 14.1    Pleural lymphangitis in a chylothorax. The 
parietal pleura is covered with a network of ectatic 
lymphatic vessels (Courtesy C Boutin, Marseille, 
France)       
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14.3.1     Mechanical Stimuli 

 Among the mechanical techniques employed, 
abrasion is the principal method. Abrasion is car-
ried out during a surgical intervention, whether 
conventional or video-assisted, where the surgeon 
exfoliates the pleural mesothelium, creating fric-
tion with a rough-surfaced material (e.g., gauze). 
This irritation results in the desquamation of the 
mesothelium and activation of the infl ammatory 

and coagulation pathways, with subsequent pro-
liferation of fi broblasts and collagen deposition. 
This will result in pleural symphysis. 

 Pleural abrasion is not currently used in the con-
trol of recurrent neoplastic pleural effusions due to 
its lower effi cacy, as well as to the high risk of 
bleeding in the regions involved by tumor and in 
addition, due to the theoretical possibility of malig-
nant dissemination. Another  inconvenience of pleu-
ral abrasion is that it requires surgical intervention.  

  Fig. 14.2    Lymphangitis is 
frequently seen in cases of 
malignant pleural effusion. In 
some situations the lymphan-
gitis can become thicker, 
resembling candle wax 
droppings (Courtesy C 
Boutin, Marseille, France)       

  Fig. 14.3     In this case of 
malignant pleural effusion due 
to a primary lung adenocarci-
noma, an irregular white 
network can be seen over the 
posterior parietal pleura (○). 
Fibrin deposits are visible on 
the lung ( star ) (Courtesy Ph 
Astoul, Marseille, France)       
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14.3.2     Chemical Stimuli 

 Pleurodesis induced by chemical stimuli was fi rst 
carried out at the beginning of the last century. 
There are references that, in 1901, Spengler 
injected silver nitrate into the pleural cavity for 

the control of recurrent pneumothorax (Vargas 
and Teixeira  1996 ). 

 Apparently, talc was fi rst introduced into the 
pleural cavity, with the objective of collapsing 
the existing residual space after pulmonary TB 
by Bethune in 1935 (Vargas and Teixeira  1996 ). 

  Fig. 14.4    Malignant 
lymphangitis on the parietal 
pleura and costodiaphragmatic 
gutter (Courtesy Ph Astoul, 
Marseille, France)       

  Fig. 14.5    A view of the 
costophrenic angle ( arrow ). 
The lung (○) and the posterior 
parietal pleura (□) are covered 
by multiple nodules (Courtesy 
Ph Astoul, Marseille, France)       
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Since then, various substances have been used to 
induce pleurodesis. Chemical stimulation can be 
performed through various routes of access – 
pleurodesis can be achieved thoracosopically or 
through simple drainage. 

 Talc is classically considered the most effi ca-
cious sclerosant. When compared with other 
agents, it presents a relative risk of 1.34 for 

 therapeutic success (95 % confi dence interval: 
 1.16–1.55) with a success rate of over 90 % in 
most studies (Shaw and Agarwal  2004 ; Dresler 
et al.  2005 ). Talc has been considered the agent of 
choice, since it presents many of the characteris-
tics cited in the defi nition of an ideal agent (low 
cost, wide distribution, easy administration, high 
effi cacy, and low rate of side effects). Despite its 
low rate of complications, its use has been associ-
ated with acute respiratory distress syndrome. It 
is believed that this complication is related to the 
size of the talc particles. The smaller ones would 
be more easily absorbed from the pleural cavity 
and distributed throughout the circulation, result-
ing in a greater risk of remote complications and 
induction of cytokine-based systemic infl amma-
tory reactions (Rehse et al.  1999 ; Maskell et al. 
 2004 ). 

 Doxycycline has proven effi cacious and safe 
for the induction of pleurodesis. However, it is 
not available in many countries. Silver nitrate 
was the fi rst substance utilized in the induction of 
pleurodesis; however, it was abandoned, for rea-
sons that remain unclear, in the 1980s (Paschoalini 
et al.  2005 ). In studies with laboratory animals 
(rabbits), 0.5 % silver nitrate proved highly effi -
cacious with a low rate of complications (Vargas 
et al.  2002 ). The pathophysiological mechanism 
involved in the induction of pleurodesis by silver 
nitrate appears to be, to a certain extent, different 
from that observed with talc, since, in this rabbit 

  Fig. 14.6    Trapped lung 
(lower lobe) in a patient with 
a malignant pleural effusion 
(Courtesy C Boutin and Ph 
Astoul, Marseille, France)       

  Fig. 14.7    This picture shows pleural lymphangitis, nod-
ules, and fi brin deposits. There is an adhesion between the 
posterior parietal pleural (lower part of the pleural cavity) 
and the lower lobe of the left lung (Courtesy C Boutin, 
Marseille, France)       
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model, corticosteroids did not reduce the effi cacy 
of the pleurodesis obtained with silver nitrate, in 
contrast to what occurs with talc. A recently pub-
lished study involving human subjects with neo-
plastic pleural effusion, and utilizing 0.5 % silver 
nitrate, demonstrated effi cacy indices similar to 
those found for talc, with low rates of side effects 
(Paschoalini et al.  2005 ). 

 Bleomycin is an antineoplastic agent that was 
used to induce pleurodesis in the past decades. 
However, its low effi cacy and high cost have sig-
nifi cantly limited its use.  

14.3.3     Immunological Stimuli 

 Chief among the immunostimulants is C. par-
vum. Its principal advantage is that it does not 
require thoracoscopic intervention or pleural 
drainage and can be introduced into the pleural 
space through a simple puncture. However, there 
are currently diffi culties in its production, and 
there is no defi ned distribution network. 

 Other immunostimulant agents include inter-
leukin- 2 alpha, staphylococcal superantigen, and 
TGF-β. In a comparative, randomized, prospec-
tive, parallel study carried out in 2004, IFN-a 2b 
was found to be less effi cacious than bleomycin 
(Sartori et al.  2004 ), and its use was not indicated 
for induction of pleurodesis. Staphylococcal 

superantigen seems to be a promising agent, 
despite limited investigations. In a study carried 
out in 2004 (Ren et al.  2004 ), staphylococcal 
superantigen was instilled in 14 patients with a 
low performance status. It was successful in 11 
patients (71 %), without any side effects. Its prin-
cipal advantage is ease of administration, not 
requiring hospitalization or thoracic drainage. 
Since these results are still preliminary, further 
studies of effi cacy and safety are required. Finally, 
TGF-β is a cytokine that stimulates tissue prolif-
eration and collagen formation, without inducing 
an infl ammatory reaction or tissue lesion. The 
major concern regarding its use is related to its 
systemic absorption, with development of fi brosis 
in other organs, including the lung. It was suc-
cessfully tested in experimental animals with low 
short-term complication rates (Gary Lee et al. 
 2001 ). However, studies analyzing its effi cacy and 
safety in humans have yet to be carried out.  

14.3.4     Route of Access 

 The route of access is defi ned as the route of 
administration of the sclerosing agent into the 
pleural space, either through classical thoracot-
omy, video-assisted surgery, thoracic drainage 
with local anesthesia, or thoracic drainage with 
thoracic puncture and a small-caliber catheter. 

  Fig. 14.8    Even without a 
fi brotic infl ammatory reaction 
of the visceral pleura, the lung 
can be trapped. This patient 
was diagnosed with a lung 
tumor of the lower lobe ( star ). 
This view shows the 
costodiaphragmatic angle 
with the lower part of the 
posterior parietal pleura (○) 
and the diaphragm (□) 
(Courtesy Ph Astoul, 
Marseille, France)       
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 All of these techniques present advantages 
and disadvantages that can affect the fi nal result 
of the procedure. Among the advantages, col-
leagues cite the importance of complete drainage 
of the pleural cavity and the more homogeneous 
distribution of the sclerosing agent in the pleural 
space. It is also important to have a minimally 
aggressive procedure and short periods of hospi-
talization. These factors infl uence the choice of 
the technique performed for a given patient. 

 Over the last few years, the route of access for 
pleurodesis has been thoroughly studied. There is 
a tendency to reduce the aggressiveness of the 
treatment, migrating from talc insuffl ation during 
thoracotomy to video-assisted insuffl ation and 
eventually to the instillation of sclerosant through 
a thoracic drain. Even when the thoracic drain is 
used as a route of access to the pleural cavity, 
there is a tendency toward reducing its complex-
ity and morbidity (pain). 

 However, in parallel with a reduction in proce-
dure aggressiveness, the effi cacy of the treatment 
must be maintained. The ideal route of access for 
the sclerosant which strikes a balance between 
effi cacy and safety has yet to be defi ned. 
Unfortunately, many studies comparing routes of 
access have not employed the same sclerosing 
agent for each route, thereby making interpreta-
tion diffi cult. A meta-analysis carried out in 2004 
by the Pain, Palliative Care and Supportive Care 
Group of the Cochrane Database of Systematic 
Reviews (112 patients) evaluated the effi cacy of 
talc pleurodesis using video-assisted surgery or 
via drainage/talc slurry (talc in suspension) 
(Clemensten et al.  1998 ). The authors showed 
that the instillation through video-assisted sur-
gery was more effi cacious, with a favorable rela-
tive risk of 1.19 (95 % confi dence interval, 
1.04–1.36), with a similar mortality rate in the 
two groups. Unfortunately, medical thoracoscopy 
was not examined, and in this meta-analysis, it 
was not possible to compare the adverse effects 
of the two treatments due to the lack of pertinent 
data in the studies involved. Despite the fact that 
video-assisted surgery was found to be more effi -
cacious than slurry pleurodesis, the level of suc-
cess for both procedures was over 90 %, which is 
quite acceptable in clinical terms.   

14.4     Conclusions and 
Recommendations 

 The principal indication for pleurodesis is recur-
rent malignant pleural effusions, after full pulmo-
nary re-expansion, in patients with good 
performance status indices. 

 Pleurodesis using a chemical sclerosant, espe-
cially talc, remains the fi rst option for the treat-
ment of recurrent malignant pleural effusion. 

 Silver nitrate seems to be a reasonable alterna-
tive, although more studies looking at the safety 
profi le are needed. 

 The most effi cacious route of access is the 
 thoracoscope. However, the use of small-caliber 
thoracic drains (catheters) provides a good cost- 
effectiveness/ comfort ratio, especially for patients 
in advanced stages of neoplastic disease. 

 The goal is that pleurodesis becomes a proce-
dure carried out in outpatient clinics by physi-
cians. This would considerably simplify its 
execution while maintaining effi cacy. Therefore, 
there is no need for hospitalization, which would 
deprive patients, during this diffi cult phase of 
their life, of contact with their families and in 
turn adversely affect quality of life.     
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        This section, identifi ed as a “grey zone,” marks the 
transition from the common indications of thora-
coscopy in the management of pleural effusion and 
pneumothorax, which are accepted into practice, 
and as discussed in the preceding chapters, to more 
complex applications. They should be limited to 
centers with extensive thoracoscopic experience. 

 The treatment of infections of the pleural 
space still represents a fi eld in which medical 
thoracoscopy, if correctly and expeditiously car-
ried out, can allow for a complete recovery in 
highly selected cases and in turn avoid chronic 
evolution, more invasive interventions, and long- 
term functional limitations. 

 Forceps lung biopsy during thoracoscopy has 
been used for many years by pulmonologists, but 
with the advent of video-assisted thoracoscopic 
surgery (VATS), its employment in the diagnos-
tic work-up of diffuse interstitial lung disease 
has been considerably reduced. Depending on 
the institutional habits and local expertise, it can 
be an alternative to a surgical procedure, as long 
as the physician is aware of the limitations of the 
technique. These diagnostic limitations are 
mainly due to the suboptimal specimen qual-
ity—often with a small proportion of small 
vessels.   

        P.   Astoul      (*) 
  Division of Thoracic Oncology, 
Pleural Diseases, and Interventional Pulmonology , 
 Hôpital NORD ,   Marseille ,  France   
 e-mail: pastoul@ap-hm.fr   

    G.   Tassi      
  Division of Pneumology , 
 Spedali Civili di Brescia ,   Brescia ,  Italy   
 e-mail: gf.tassi@tin.it   

    J.-M.   Tschopp      
  Département de Médecine Interne
Centre valaisan de pneumologie , 
 CHCVs ,   Montana   3963 ,  Switzerland   
 e-mail: jean-marie.tschopp@hopitalvs.ch  

 15      Advanced Application of Medical 
Thoracoscopy 

           Philippe     Astoul     ,     GianFranco     Tassi     , 
and     Jean-Marie     Tschopp    



169P. Astoul et al. (eds.), Thoracoscopy for Pulmonologists, 
DOI 10.1007/978-3-642-38351-9_16, © Springer-Verlag Berlin Heidelberg 2014

16.1            Introduction 

 Parapneumonic effusion and empyema are still 
an important medical problem since they remain 
a signifi cant cause of morbidity and mortality 
(Davies et al.  1999 ; Farjah et al.  2007 ). Risk fac-
tors for the development of empyema include 
alcohol abuse, aspiration and poor dental hygiene, 
chronic lung disease, diabetes mellitus, gastro-
esophageal refl ux, rheumatoid arthritis, and intra-
venous drug abuse (Ferguson et al.  1996 ). About 
one third of cases occur without any identifi ed 
risk factors (Ferguson et al.  1996 ; Davies et al. 
 2003 ), suggesting that the host immune defense 
system or modifi cation in bacterial virulence may 
also play important roles. 

 Empyema can arise as a complication of 
pneumonia or may follow iatrogenic procedures, 
surgery, trauma, or, rarely, bronchial obstruction 
from a tumor or foreign body. Pleural infection 
can also develop as a “primary” infection, 

 without evidence of lung parenchymal infection 
(Alfageme et al.  1993 ). 

 The fi rst to describe pleuritis and empyema 
was Hippocrates in his aphorisms – short sen-
tences which were for many years the only source 
of information for practising doctors. He stated: 
“pleuritis that does not clear up in 14 days results 
in empyema.” and “pains and fevers occur rather 
at the formation of pus than when it is already 
formed.” Other aphorisms refer to the therapy: 
“When empyema is treated either by the cautery 
or incision, if pure and white pus fl ow from the 
wound, the patients recover; but if mixed with 
blood, slimy and fetid, they die” (Tassi and 
Marchetti  2008 ).  

16.2     Guidelines 

 Evidence-based guidelines for the management 
of complicated parapneumonic effusion and 
empyema, discussing the approach to diagnosis 
and treatment, are available in the literature 
(Colice et al.  2000 ; Davies et al.  2003 ). 

 In 2000 a panel convened by the American 
College of Chest Physicians drew up guidelines 
(Colice et al.  2000 ) on the medical and surgical 
management of parapneumonic effusions, devel-
oping an annotated table for evaluating the risk for 
poor outcome. Estimates of the risk were based on 
the clinical judgment that, without adequate drain-
age of the pleural space, the patient with a parap-
neumonic effusion would be likely to develop any 
or all of the following: prolonged hospitalization, 
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prolonged evidence of systemic toxicity, increased 
morbidity from any drainage procedure, increa-
sed risk for residual ventilatory impairment, 
increased risk for local spread of the infl ammatory 
reaction, and increased mortality. Three  variables – 
pleural space anatomy, pleural fl uid bacteriology, 
and pleural fl uid chemistry – were used in this 
annotated table to categorize patients into four 
separate risk levels for poor outcome: categories 1 
(very low risk), 2 (low risk), 3 (moderate risk), and 
4 (high risk). A category three patient was charac-
terized by the presence of pus in the pleural cavity, 
therefore including “true” empyemas. The guide-
line examined the results of randomized, con-
trolled trials and historically controlled series. 
Based on these papers and consensus opinion, the 
panel suggested different approaches to managing 
parapneumonic effusions, including empyemas. 

 The British Thoracic Society guidelines for 
the management of pleural diseases (Davies    et al. 
 2003 ,  2010a ) attempted to integrate the available 
objective evidence with clinical experience relat-
ing to the investigation and treatment of these 
complex patients. They were researched and 
drafted by a subgroup of the Pleural Diseases 
Group (itself a subcommittee of the BTS 
Standards of Care Committee). An algorithm for 
clinical management based on a typical patient’s 
diagnostic and therapeutic path was then drafted 
by the subgroup. This draft was based, where 
possible, on the published evidence, but this was 
then combined with clinical expertise as required. 

 Neither of these guidelines mention medical 
thoracoscopy, even though the comments regard-
ing VATS could be indirectly extended to it.  

16.3     Pathogenesis 

 The natural history of the disease includes three 
distinct phases or stages as described in the 1962 
classifi cation of empyema proposal of the 
American Thoracic Society (Andrews et al.  1962 ). 
This classifi cation is still employed because it 
remains clinically useful. Empyema was subdi-
vided into three stages: exudative, fi bropurulent, 
and organized. The acute or  exudative phase lasts 
for several days and is characterized by an effu-
sion that is free-fl owing in the pleural cavity. 

Progression to the fi bropurulent phase is charac-
terized by reduced endocavitary fi brinolysis 
which causes fi brin deposition on the pleural sur-
faces and by alteration of fl uid which becomes 
cloudy and viscous. 

 The chronic or organized phase follows on 
from the fi brin and collagen deposition and cre-
ates a fi brous thickening of the pleura, a sort of 
“peel” which entraps the lung. This differentia-
tion into stages is of course a simplifi cation of a 
biological process which evolves progressively, 
but it is useful in practice because the therapeutic 
approach is very different at each stage.  

16.4     Diagnostic Approach 

16.4.1     Pleural Fluid Analysis 

 Thoracocentesis in the setting of a pleural space 
infection is always useful when there is suffi cient 
quantity of fl uid to allow safe sampling (i.e., a 
free effusion when it is more than 1 cm on the 
lateral chest radiograph (Colice et al.  2000 ). This 
allows visual examination (the discovery of puru-
lent fl uid signifi es empyema), biochemical analy-
sis, in particular the measurement of pH, glucose, 
and pleural lactate dehydrogenase (LDH) 
(Heffner et al.  1995 ), and microbiologic analysis. 
Pleural fl uid pH is considered clinically signifi -
cant and the ACCP guidelines suggest the place-
ment of a chest tube in the presence of a pH <7.20 
(Colice et al.  2000 ). However there is the possi-
bility of varying pH values in different locula-
tions of a parapneumonic effusion. A low pH can 
be also present in neoplastic pleurisies, in tuber-
culosis, and in collagen vascular disease.  

16.4.2     Bacteriology 

 The percentage of cases where the pleural fl uid 
cultures are positive is signifi cantly variable 
through different series (it was, e.g., 54 % in a 
case study of 430 patients (Maskell et al.  2005 )). 
This depends on the characteristics of the 
 infection, community-acquired or  nosocomial, 
and the antibiotic treatment administered prior to 
thoracocentesis. 
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 In recent years bacteria more frequently iso-
lated (Davies et al.  2003 ; Maskell et al.  2005 ) 
include Gram-positive aerobes, Streptococcus 
group (in particular Streptococcus pneu-
moniae), and Staphylococcus group (mainly 
Staphylococcus aureus); less frequently Gram- 
negative aerobes and anaerobic bacteria are iso-
lated. Also, the fi nding of multiple organisms is 
not rare. It is rare to isolate mycobacteria and 
fungi in immunocompetent.  

16.4.3     Diagnostic Imaging 

 The diagnostic imaging of infectious pleurisies 
(Levin and Klein  1999 ) principally uses chest 
radiography, ultrasonography, and CT scan. It is 
employed mainly to confi rm a suspected diagno-
sis but also as a guide for interventional proce-
dures and to aid with the diagnosis of complex 
cases, such as the infectious effusions associated 
with other thoracic or extrathoracic pathologies. 

16.4.3.1     Chest Radiography 
 Chest radiography is the most important exami-
nation for the patient with a suspected pleural 
infection. It is economical, rapidly available in all 
hospitals, can be carried out at the patient’s bed, 
and is easily repeatable.  

16.4.3.2     Ultrasonography 
 Ultrasonography is an inexpensive and easy 
method which can be carried out at the patient’s 
bed. It can accurately differentiate between a free 
effusion and a loculated effusion and guide thora-
cocentesis or, if necessary, the introduction of a 
chest drain. Its main advantages are the absence 
of radiation and the possibility to explore both 
the pleural cavity and the abdominal cavity. The 
limits are the dependency on the experience of 
the operator and the presence of blind areas like 
the normal lung and bone structures.  

16.4.3.3     Computed Tomography (CT) 
 This examination is characterized by high cost 
not only fi nancial but also the health risks 
involved for the patient due to X-ray exposure 
and potential adverse reaction to contrast 
medium. Therefore its use should be preceded by 

ultrasonographic evaluation. The advantage of 
CT scan is that it allows for simultaneous explo-
ration of the pleural space, chest wall, lungs and 
mediastinum, as well as the subdiaphragmatic 
region. Therefore this method is indicated in 
 diffi cult cases, especially to identify possible 
lesions which may be associated with the pleural 
effusion.    

16.5     Treatment 

 The treatment, as a rule, is based on antibiotic 
therapy and complete drainage of the liquid to 
allow total lung re-expansion. But the treatment 
choice in individual cases is more often guided 
by available resources and philosophy of indi-
vidual physicians, rather than scientifi c data, and 
varies considerably between different hospitals, 
regions, and countries. 

16.5.1     Antibiotics 

 The selection of antibiotics should be based on 
the results of blood and pleural fl uid culture and 
sensitivity testing, however, since there is a low 
rate of positive results from bacteriology (~30 %) 
in the setting of empyema; therefore the initial 
antibiotic therapy is empirical and frequently 
continues to be empirical and only in a minority 
of cases should be adapted to the positive labora-
tory results. However it is important to remember 
when selecting  appropriate antibiotics (Davies 
et al.  2003 ) that  community-acquired infection 
normally exhibits a different microbiological 
spectrum from hospital-acquired infections. 
Therefore it requires different antibiotics at pre-
sentation: antibiotics for community-acquired 
empyema include beta-lactams and quinolones; 
while in hospital-acquired empyema, the therapy 
needs to cover both Gram-positive and Gram- 
negative aerobic organisms as well as anaerobes 
and therefore should include tazobactam, car-
bapenems, or third-generation cephalosporins 
with metronidazole. Aminoglycosides should be 
avoided due to poor penetration in the 
 pleural space and reduced effi cacy in acidic 
surroundings.  
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16.5.2     Chest Tube Drainage and 
Serial Thoracocentesis 

 A lack of response to antibiotics, as suggested by a 
failure to obtain clinical and radiological improve-
ments, is a strong indication for chest tube drain-
age. The optimal size of chest tube and duration of 
drainage remain controversial. In parapneumonic 
effusions, small-bore (12–14 F) drains are easier to 
insert, more comfortable and adequate for the 
drainage of infected pleural collections, but this is 
not the case in the presence of frank pus, where 
larger tubes (20–24 F) are needed. The role of ther-
apeutic thoracocentesis as an alternative to formal 
chest tube placement in pleural infection remains 
unclear. Treatment with serial thoracocentesis is 
attractive, as it may avoid the complications of 
chest drainage and perhaps allow outpatient man-
agement of selected cases. Successful treatment of 
empyema with therapeutic thoracocentesis and 
antibiotics has been reported (Storm et al.  1992 ), 
but has not been compared with formal drainage in 
randomized controlled trials.  

16.5.3     Intrapleural Fibrinolytics 

 The role of intrapleural fi brinolytics remains uncer-
tain. A meta-analysis (Tokuda et al.  2006 ) provides 
no evidence of benefi t of intrapleural fi brinolytic 
therapy for reduction of mortality and need for sur-
gery in adult patients with empyema and compli-
cated parapneumonic effusions. Less defi nite are 
the conclusions of the recent review performed by 
the Cochrane Collaboration (Cameron and Davies 
 2008 ) which affi rms that intrapleural fi brinolytic 
therapy confers signifi cant benefi t in reducing the 
requirement for surgical intervention for patients. 
However this was not supported by the large 2005 
MIST1 study (Maskell et al.  2005 ).   

16.6     Thoracoscopy 

16.6.1     Indications 

 The correct use of thoracoscopy in pleural infec-
tious disease has yet to be established unanimously 

(Waller  2002 ). Its exact position in the treatment 
algorithm remains unclear. Its utilization has been 
recommended prior to the placement of a chest 
drain (Loddenkemper  1998 ), while another appli-
cation might be when the chest drain has failed to 
reduce the fever or the complete evacuation of 
pleural fl uid within a few days (Kohman  1994 ; 
Yim  1999 ). Yet another approach makes reference 
to multiloculated effusions and considers thora-
coscopy to be indicated to divide loculations both 
for parapneumonic effusion (Huang et al.  1999 ; 
Solèr et al.  1997 ) and for empyema (Silen and 
Naunheim  1996 ; Solèr et al.  1997 ; Wait et al. 
 1997 ; Cassina et al.  1999 ). More recently, in the 
surgical fi eld the treatment has been extended to 
chronic organizing empyema, to clean the cavity 
both prior to formal thoracotomy and decortica-
tion (Lawrence et al.  1997 ) and for the actual 
decortication (Waller and Rengarajan  2001 ). 

 The guidelines of the American College of Chest 
Physicians (ACCP) (Colice et al.  2000 ) only con-
sider the role of surgical thoracoscopy and video-
assisted thoracoscopic surgery (VATS). VATS is 
advised for patients defi ned as at high risk of poor 
outcome (categories 3 and 4). Category 3 includes 
effusion larger than half of the hemithorax, which 
may be loculated or characterized pleural thicken-
ing. In category 4 there is the presence of pus in the 
pleural cavity. These recommendations are, how-
ever, based on a single randomized study of only 20 
patients (Wait et al.  1997 ) and on a retrospective case 
study of 64 patients (Angelillo Mackinlay et al. 
 1996 ). A similar approach is described in the 
2003  British Thoracic Society guidelines for the 
 management of pleural infection (Davies et al. 
 2003 ,  2010  b ) and again only considers the role of 
surgical thoracoscopy. Moreover these papers do not 
discuss medical thoracoscopy, even if the discussion 
on VATS could be inferred to thoracoscopy.  

16.6.2     Instruments and Techniques 

 Medical thoracoscopy and surgical thoracoscopy 
(VATS), both used to treat infections of the pleu-
ral space, are different in the kind of anesthesia, 
equipment, and technique as previously described 
elsewhere (Loddenkemper  1998 ). 
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 In our experience with medical thoracos-
copy, it is advisable to determine the trocar 
entry point by ultrasonography by detecting 
where the effusion is more abundant and to 
establish the location of the diaphragm, which 
is often elevated. 

 Thoracoscopy should be performed step by 
step and includes:
•    Removal of pus (Fig.  16.1 ).
•      Exploration of the pleural cavity to identify 

fi brin membranes (Fig.  16.2 ) and to detect 
loculations (Fig.  16.3 ), as well as possible 
neoplastic nodules, or intrapleural bubbling 
which may be an indirect sign of fi stula 
(Fig.  16.4 ).

•        Opening of loculations (Fig.  16.5 ).
•      Removal of fi brinous membranes (Fig.  16.6 ) 

and purulent material from the cavity 
(Fig.  16.7 ) and, in addition, from the parietal 
and visceral pleural surfaces.

•       Pleural biopsy.  
•   Pleural space lavage with saline solution.  
•   Introduction of a chest tube, with a caliber 

large enough (>24 F) to remove dense and vis-
cous pus and fi brin detritus. This can be per-
formed, if necessary, under visual control 
(Fig.  16.8 ).

16.6.3           Results 

 The published case studies on thoracoscopy in 
the infection of the pleural space (Table  16.1 ) 
deal principally with empyema and include both 
medical and surgical techniques, of which the lat-
ter is undoubtedly more numerous.

   In general these studies report positive results, 
with rates of primary success (meaning recovery 
without subsequent thoracotomy or conversion 
from thoracoscopy to thoracotomy) between 60 

  Fig. 16.1    A typical empyematous collection       

  Fig. 16.2    Fibrin membranes in the pleural cavity       

  Fig. 16.3    An empyematous loculation in the left pleural 
cavity       
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and 100 % and higher if the procedure was per-
formed earlier in the clinical course. However the 
number of patients treated was generally small, 
and only a few authors present case series with 
more than 100 patients. 

 In general there is total agreement about the 
advantages of VATS over thoracotomy, with 

shorter hospitalization, lower cost, and better 
cosmetic results. 

 The medical thoracoscopy experience outline 
the minimal invasive nature of the method, 

  Fig. 16.4    Bubbles ( arrow ) indicating an associated lung 
parenchymal fi stula       

  Fig. 16.5    Loculations dissected by forceps       

  Fig. 16.6    The pleural cavity after the removal of the 
fi brinous membranes       

  Fig. 16.7    Purulent material in the pleural cavity       
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together with lower cost compared to VATS. In 
addition it has advantages in high-risk anesthetic 
groups such as frail patients. 

 Complications were strictly related to the 
complexity of the cases treated and were repre-
sented mainly by bleeding and extensive air 
leaks, with reported incidence between 0 % 
(Sendt et al.  1995 ; Cassina et al.  1999 ) and 16 % 

(Angelillo Mackinlay et al.  1996 ). In some 
 surgical series which included subjects with 
 serious comorbidity, deaths did occur (Angelillo 
Mackinlay et al.  1996 ; Landreneau et al.  1996 ; 
Weissberg and Refaely  1996 ; Lawrence et al. 
 1997 ; Wait et al.  1997 ).   

    Conclusions 

 Thoracoscopy is certainly effective in the 
treatment of pleural infections, especially in 
multiloculated empyema, preventing progres-
sion to thoracotomy (Silen and Naunheim 
 1996 ), even if large randomized studies have 
yet to be performed to confi rm this fi nding 
(Waller  2002 ). 

 Medical thoracoscopy can play an impor-
tant role in patients in poor health and high 
surgical risk. It is an intermediate drain pro-
cedure between chest tube placement and 
surgical thoracoscopy (VATS) performed 
under general anesthesia. Moreover, it is an 
effi cacious procedure with associated low 
cost. It should be performed early in the dis-
ease to try to avoid chronic evolution of the 
disease.  

  Fig. 16.8    Drain placement under visual control       

   Table 16.1    Medical (M) and surgical thoracoscopy (S) in 
parapneumonic effusion and empyema   

 Author  Year  Patients 
 % of 
success 

 % of 
complications 

 Colt (M)  1995  7  86  14 
 Solèr (M)  1997  16  73  0 
 Striffeler (S)  1998  67  72  4 
 Reynard (M)  2004  5  100  0 
 Brutsche (M)  2005  127  91  9 
 Luh (S)  2005  234  86.3  8.3 
 Wurnig (S)  2006  130  91  9 
 Solaini (S)  2007  120  91.8  11 

  Fig. 16.9    An empyema at an early stage. There are 
 multiple nonvascularized fi brotic adhesions, between the 
lung (■) and the chest wall. It is easy to severe such adhe-
sions with the tip of optical biopsy forceps (Courtesy Ph 
Astoul – Marseille – France)       
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  Fig. 16.11    An empyema after resection of adhesions. 
The parietal pleura and the lung are covered by a purulent 
layer as seen on the bottom right of the fi gure (Courtesy C 
Boutin, Ph Astoul – Marseille – France)       

  Fig. 16.12    An    empyema at an advanced stage. A bron-
chopleural fi stula ( arrows ) is a dreaded complication of 
infectious pleurisy (Courtesy C Boutin, Ph Astoul – 
Marseille – France)       

  Fig. 16.13    An empyema caused by  Streptococcus inter-
medius  in a former drug user, HIV- negative young man. 
After resection of adhesions, the posterior parietal pleura 
(●) and the diaphragm (■) at the level of the left costo-
diaphragmatic gutter are covered with a fi brinopurulent 
layer (Courtesy Ph Astoul – Marseille – France)       

  Fig. 16.10    Multilocular    empyema at the fi brinopurulent 
stage. The thick adhesions can create pockets of pus with 
different fl uid pH, degree of infection, and microbial cul-
ture which makes management diffi cult, in particular 
puncture and drainage, even when image-guided. These 
adhesions can be broken down during thoracoscopy in 
order to obtain a single cavity which may allow for better 
drainage and pleural lavage, (▬) parietal pleura (Courtesy 
C Boutin, Ph Astoul – Marseille – France)       

16.7     Pleural Infections – Mini-Atlas 

 

 

 

 

G. Tassi et al.



177

  Fig. 16.14    Same patient. In this case, multiple biopsies 
were done using optical biopsy forceps through a single 
point of entry. No underlying disease was found (Courtesy 
Ph Astoul – Marseille – France)       

  Fig. 16.15    Hemorrhagic empyema (Courtesy Ph Astoul – 
Marseille – France)       

  Fig. 16.16    Empyema ( left side  – upper part of the pleu-
ral cavity). Pus deposits on the lung ( bottom ) and the pos-
terior parietal pleura ( top ). Purulent adhesions are visible 
between the lung and the chest wall. There is a complete 
symphysis ( arrow ) between the upper part of the lung and 
the chest wall (Courtesy Ph Astoul – Marseille – France)       

  Fig. 16.17    A malignant nodule in patient managed for 
an empyema. In addition to resection of the multiple 
 pleural adhesions, the thoracoscopist should perform a 
careful examination of the pleural cavity in order to 
rule out an underlying disease (Courtesy Ph Astoul – 
Marseille – France)       
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17.1            Introduction 

 Diffuse or focal interstitial lung disease, periph-
eral nodular lesions of unknown etiology, and 
pulmonary infection do sometimes require inva-
sive tissue sampling after an inconclusive bron-
choscopy with bronchoalveolar lavage (BAL) 
and/or transbronchial lung biopsies (TBLB). The 
decision to perform a lung biopsy has to be based 
on the probability that the examination will yield 
a specifi c diagnosis leading to a specifi c and/or 
change in treatment.  

17.2     Equipment and Techniques 

 A surgical open lung biopsy requires general 
anesthesia, a single-lumen endotracheal tube, and 
a conventional thoracotomy usually with a lim-
ited (50 mm cutaneous) incision. A surgical lung 
biopsy specimen should be at least 4 cm in maxi-
mum diameter when aerated and a depth ( distance 
from pleural surface) of 3–5 cm. An open lung 
biopsy is taken using bistouries and sutures. This 

is certainly the method of choice if there is 
 obliteration of the pleural space or if the patient is 
too unwell to tolerate single-lung ventilation. 

 A video-assisted thoracoscopic surgery 
(VATS) requires general anesthesia, a double- 
lumen endotracheal tube for one-lung ventila-
tion, and two small (approximately 15 mm) and 
one larger incision to obtain three ports of entry. 
The lung edge of the lobe of interest is mobilized 
with a nontraumatic grasping forceps, and a dis-
posable linear stapler/cutter is used to take one or 
two lung specimens of about 10 × 20 mm. Two 
randomized trials did not show clinical or patho-
logical differences in outcomes for open surgical 
compared to thoracoscopic surgical approaches 
(Miller et al.  2000 ; Ayed and Raghunathan  2000 ). 

 A video-assisted medical thoracoscopy 
(VAMT) was originally described by Boutin 
(Boutin et al.  1982 ). It can be performed under 
light sedation and spontaneous breathing without 
needing an endotracheal tube or general anesthe-
sia. After the induction of an artifi cial pneumo-
thorax, two small (<10 mm) incisions are made 
for the insertion of two trocars. One to seven 
biopsies from different lobes are performed using 
a double-spoon forceps (5 mm in diameter) con-
nected to a diathermy apparatus while applying 
thermocoagulation at 40–60 W (Fig.  17.1 ). It is 
important to keep the coagulation time as short as 
possible (<2 s) to avoid tissue artifacts. There is 
an ongoing controversy over the most suitable site 
for biopsy in diffuse interstitial lung disease. Lung 
biopsies should be performed in places distant 
from the interlobar fi ssures and bullae to reduce 
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complications. In addition, biopsies should not 
be performed if there is obvious honeycombing 
or entirely normal-appearing parenchyma. In this 
regard, the HRCT provides valuable information 
that should be used to guide biopsy sites. Areas 
of intermediate abnormality or comparatively 
the normal lung adjacent to the honeycomb lung 
should be targeted. At the end of the procedure, 
a chest drain should be left in the pleural space 
to re-expand the lung and to check for air leaks 
or possible bleeding. In most cases the patients 
can be discharged from hospital within 3 days. 
Despite encouraging results from parenchymal 
lung biopsies in the diagnosis of interstitial lung 
disease by forceps biopsy during VAMT (Boutin 
et al.  1982 ; Dijkman et al.  1982 ), the technique 

gained little popularity among pulmonologists as 
thermocoagulatory closure of the air leaks may 
necessitate prolonged chest tube drainage, and in 
addition, the diagnostic yield may be inadequate 
in certain circumstances.

17.3        Indications and 
Contraindications 

17.3.1     Diffuse Lung Disease 

 In patients with diffuse interstitial lung disease 
in whom the multidisciplinary integration of 
clinical and high-resolution computed tomog-
raphy (HRCT) data, with the addition of BAL 

a

c

b

  Fig. 17.1    The pulmonary biopsy technique. The biopsy 
area is grasped with the forceps perpendicular to the pul-
monary surface ( a ). The forceps are closed for 1–2 s and 
pulled towards the 5-mm insulated trocar. Simultaneously 
the operator applies a brief current (approximately 1 s) 
using a foot pedal while pulling the forceps through the 
distal end of the trocar. The sharp distal tip of the trocar 
cuts the specimen ( b ). After this maneuver, the biopsy 

site blanches and retracts without bleeding or evidence 
of an air leak ( c ). A recent experimental study in animal 
subjects showed that subpleural biopsies obtained during 
pleuroscopy and deep lung biopsy specimens obtained by 
electrocautery provided satisfactory material for histo-
logic examination (Emam et al.  2012 ) (Courtesy C Boutin 
and Ph Astoul – Marseille – France)       
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and TBLB data, is insuffi cient to yield a confi -
dent diagnosis, current guidelines recommend a 
surgical lung biopsy in the absence of medical 
contraindications (Wells and Hirani  2008 ). A 
dedicated chest radiologist and chest physician 
should discuss the HRCT images in advance and 
decide upon the most appropriate target area to 
biopsy. There are no randomized controlled trials 
comparing the three different biopsy techniques 
(wedge biopsy during VATS, forceps biopsy dur-
ing VAMT, surgical open lung biopsy). Forceps 
lung biopsy during VAMT has been used for 
many years by pulmonologists (Boutin et al. 
 1982 ; Loddenkemper and Boutin  1993 ; Mathur 
and Loddenkemper  1995 ). Nevertheless the range 
of indications for forceps lung biopsies at VAMT 
in diffuse lung disease has steadily decreased 
over the last three decades; this has been dem-
onstrated by the change in clinical practice at the 
Lungenklinik of Berlin where forceps lung biopsy 
accounted for 22 % of all thoracoscopies in 1971–
1979, decreasing to 8 % in 1980–1988, and only 
1 % in 1989–1996 (Loddenkemper  1998 ). 

 Most studies on VAMT discuss the technical 
characteristics, diagnostic yield, and potential 
complications (Boutin et al.  1982 ; Dijkman et al. 
 1982 ), but the diagnostic accuracy of the tech-
nique depends on the distribution pattern of the 
interstitial lung disease, and thus the lobular 
compartment involved (Fig.  17.2 ), and the histo-
logical specifi city of the disease (Vansteenkiste 
et al.  1999 ). Only a few papers addressed the 
issue of biopsy size and histopathological quality 
(Vansteenkiste et al.  1999 ; Colt  1995 ).

   A direct comparison of stapled wedge biopsy 
by VATS to thermocoagulation-assisted for-
ceps biopsy by VAMT has been performed in 
adult swine with healthy lungs (Colt  1995 ). 
Transbronchial biopsy specimens by bronchos-
copy are usually <2 mm 2  in size, forceps biop-
sies by VAMT are round-ovoid and range from 
2.1 to 6.6 mm in longest diameter or 5–30 mm 2  
in cross-sectional area, and wedge biopsies by 
VATS range from 27 to 146 mm in longest diam-
eter (Ayed and Raghunathan  2000 ). The forceps 
biopsies contain 300–3,000 readily identifi able 
alveoli in the specimen, while a wedge biopsy 

section contains at least 8,000 alveoli. No dif-
ference in the number of respiratory bronchioles 
per mm 2  was noted between forceps and wedge 
biopsy. A greater number of vessels per mm 2  
were found in wedge biopsies compared to for-
ceps biopsies. 

 Only one paper addressed the issue of histo-
pathological quality of the forceps biopsies by 
VAMT in human interstitial lung disease. This 
demonstrated that the alveolar compartment 
(including the respiratory bronchiole, interlobu-
lar septa, and alveolar parenchyma; Fig.  17.2 ) 
was present in 2/3 of the biopsies, while the 
membranous bronchiole and central pulmonary 
arteries are present in only 10 % of the biop-
sies (Vansteenkiste et al.  1999 ). Consequently 
central pulmonary lesions (such as BOOP) and 
pulmonary vascular disorders (such as vasculi-
tis, pulmonary microemboli) remain a diffi cult 
challenge and are thus poor indications for for-
ceps biopsies during VAMT. The histological 
specifi city of a forceps biopsy at VAMT is high 
in cases of involvement of the alveolar compart-
ment such as in UIP, NSIP, DIP, granulomatous 

78% PV

IY

ALV

RB

MB

PL

PA

IS

10%

  Fig. 17.2    Schematic drawing of the anatomy of the sec-
ondary lobule supplied by the bronchovascular bundle 
with a membranous bronchiole ( MB ) and a pulmonary 
artery ( PA ). The MB branches into the respiratory bron-
chioles ( RB ) in the centrilobular region. At the distal end 
there is the alveolated parenchyma ( ALV ) with the precap-
illary arterioles. The lobule is surrounded by the pleura 
( PL ) and the interlobular septum ( IS ) containing the pul-
monary veins ( PV ) and lymphatics ( LY ), the latter are also 
being present in the bronchovascular bundle. During 
medical thoracoscopy with lung biopsy procedure, the 
bronchovascular bundle is sampled in 10 % of the speci-
mens and the periphery of the lobule, the IS, and the PL in 
78 % of cases (From Vansteenkiste et al.  1999 )       
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diseases such as sarcoidosis, and carcinomatous 
lymphangitis. 

 A thoracoscopic procedure should be avoided 
in cases with suspected major pleural adhesions 
or bullous degeneration of the lung based on 
the radiological features, in severe pulmonary 
hypertension, in patients on mechanical ventila-
tion, and/or severe respiratory insuffi ciency with 
dependence on oxygen therapy (pO 2  <55 mmHg 
and/or pCO 2  >60 mmHg) (Vansteenkiste et al. 
 1999 ; Kreider et al.  2007 ).  

17.3.2     Localized Lung Disease 

 The use of a thoracoscopic forceps lung biopsy 
in localized peripheral lung lesions has disap-
peared as surgical VATS with wedge resection 
has become the procedure of choice in these 
situations.   

17.4     Complications 

 No major complications such as procedure- related 
death, lung bleeding, or persistent fi stula are 
described in forceps biopsies by VAMT for ILD. 
The most important minor complication is a pro-
longed air leak which correlated to the total lung 
capacity and thus can be anticipated in patients 
with very stiff or honeycomb lungs (Vansteenkiste 
et al.  1999 ).  

    Conclusion 

 A medical thoracoscopy with forceps biopsy is 
a safe procedure in the hands of a well-trained 
interventional pulmonologist. Depending on 
the institutional habits and local expertise, it 
can be an alternative to a surgical procedure 
in the diagnostic work-up of diffuse interstitial 
lung disease, but one has to be aware of the 
limitations of the technique. The major reason 
why VAMT has not become a routine clinical 

practice for lung biopsy in diffuse interstitial 
lung disease is, in our opinion, the suboptimal 
specimen quality in terms of the small precap-
illary arterioles, central pulmonary arteries, 
and membranous arterioles.     
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        Advanced procedures in medical thoracoscopy 
are best described as nonroutine. They are inter-
ventions associated with greater complexity and 
lie somewhere between the medical procedure 
of thoracoscopy and the surgical procedure of 
VATS. The current advanced indications as 
described in the literature include sympathec-
tomy and pericardial window. At the present 
time, thoracoscopic sympathectomy is mini-
mally invasive and is an accepted intervention 
for patients with a variety of autonomous ner-
vous system disturbances. Patients with essen-
tial hyperhidrosis as well as highly selected 
subjects with other defi ned disorders can be 
symptomatically improved with this procedure. 

They can be performed by interventional pulm-
onologists, but it must be noted that when per-
formed as a “medical thoracoscopy” they should 
be categorized as an advanced technique—a 
“red zone” procedure. A pericardial window can 
be performed at thoracoscopy, as previously 
described in the literature. However, VATS 
should be considered as the gold standard, and 
the dedicated chapter in this book is to remind 
the reader of the historical aspects and limits of 
medical thoracoscopy. For these advanced pro-
cedures expert skills are mandatory from per-
forming the basic procedures, simulated 
training, and hands-on training under the super-
vision of an experienced trainer.   
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19.1            Introduction 

 Thoracic sympathectomy is defi ned as the ana-
tomical interruption of the thoracic sympa-
thetic chain. The level of interruption (e.g., T 2 , 
T 3 ) depends upon the indication for the sympa-
thectomy and the required therapeutic effects 
(e.g., treatment of essential palmar or axillary 
hyperhidrosis, treatment of refractory heart 
rhythm disorders, treatment of chronic pancre-
atic pain). Anatomically, the interruption can 
be applied at the preganglionic level; however, 
current best practice involves ablation by elec-
trocautery (“sympatholysis”) or excision/clip-
ping of the sympathetic ganglia (and sometimes 
part of the chain itself) (Noppen  2004 ; Tassi 
et al.  2006 ). 

 The current standard approach for thoracic 
sympathectomy is via thoracoscopy: thoraco-
scopic sympathectomy combines superior visual-
ization of the upper thoracic ganglia with minimal 
postoperative morbidity and dysfunction. Open 
surgical approaches are now obsolete, and percu-
taneous ablation is not widely used because of a 
higher risk of early recurrence, postoperative 
complications, such as pneumothorax, and diffi -

culties in accurately localizing the ganglia 
(Wilkinson  1984 ). 

 Most papers on thoracoscopic sympathec-
tomy, written by surgeons, typically describe a 
VATS (video-assisted thoracoscopic surgery) 
technique, which can be defi ned as a keyhole 
surgical procedure using single-lung double-
lumen ventilation, disposable trocars, unilateral 
3-entry port intervention, pleural and sympa-
thetic chain dissection, and often necessitating 
chest drainage post procedure. However, suc-
cessful TTS can also be performed using the less 
invasive “medical” thoracoscopic sympatholy-
sis, often performed by a pulmonologist (Noppen 
et al.  1996 ). Recently, various surgical authors 
(Yim et al.  2000 ; Yamamoto et al.  2000 ) have 
described a less invasive sympathectomy tech-
nique (e.g., using 2 or 5 mm diameter (ultra)thin 
thoracoscopes), which may replace the tradi-
tional 10 mm diameter VATS instruments as they 
appear to offer similar therapeutic results with 
better esthetic outcomes and lower morbidity 
(Krasna  2008 ; Bachmann et al.  2009 ). This evo-
lution towards a more simplifi ed procedural 
technique will hopefully lead to the convergence 
of  opinions (pulmonologist and surgeon) on who 
should perform thoracoscopic sympatholysis in 
 particular and therapeutic thoracoscopy in gen-
eral. However thoracoscopic sympatholysis is a 
highly specialized nature and therefore should 
be  categorized in the “red zone” of medical 
thoracoscopy.  
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19.2     Indications and 
Contraindications 

19.2.1     Indications 

 In the past, sympathectomy was indicated in the 
treatment of a wide variety of disorders and syn-
dromes (Table  19.1 ), although for many of these 
former indications there was little or no objective 
evidence of effi cacy.

   Nowadays, thoracoscopic sympathectomy is 
indicated for a limited number of applications 
(Table  19.2 ).

    Essential hyperhidrosis , characterized by 
pathological sweating of the hand and/or arm-
pits, is the main indication for TTS, both in 
adults (Noppen  2004 ; Krasna  2008 ) and chil-
dren and adolescents (   Noppen et al.  1998  b ; 

Steiner et al.  2008 ). It is generally believed that 
patients with essential hyperhidrosis should 
have completed a trial of nonoperative treat-
ment prior to sympathectomy; these trials 
include topical agents containing aluminum 
chloride or hexahydrate, oral agents (anticho-
linergics, beta-blockers, and antidepressants), 
locally applied botulinum toxin, iontophoresis, 
and psychotherapy. However, results of these 
nonsurgical trials are often disappointing in 
the long term because of poor effi cacy, 
 occurrence of side effects, temporary response, 
and cost. Recent studies comparing medical to 
 thoracoscopic management have shown that 
thoracoscopic sympathectomy is superior to 
medical management in terms of clinical out-
come and side effects. Therefore thoracoscopic 
sympathectomy should be recommended as 
fi rst-line treatment rather than a “last resort,” 
especially for the typical, severe form of essen-
tial palmar and axillary hyperhidrosis 
(Baumgartner et al.  2009 ; Ambrogi et al.  2009 ). 

  Facial blushing / social phobia  (Fig.  19.1 ) 
is another possible variant of  hypersympathicotony 
and may also be associated with facial hyperhidro-
sis. It sometimes presents with extremely disabling 
effects which has occasionally led to suicide. In 
these patients, an approach using a combination of 
medical interventions including daily low-dose 
anticholinergic (glycopyrrolate), a beta-blocker 
(propranolol), a central  alpha- agonist (clonidine), 
and an anxiolytic (alprazolam) is often successful 
(unpublished data). In patients with signifi cant 
side effects, or when a defi nitive treatment is 
requested by the patient, a thoracoscopic sympa-
thectomy can be performed (Neumayer et al. 
 2005 ; Drott et al.  1998 ).

   In  Raynaud’s phenomenon ,  acrocyanosis , 
and  idiopathic thoracic outlet syndrome , thora-
coscopic sympathectomy can provide tempo-
rary symptomatic benefi t (Di Lorenzo et al. 
 1998 ; Sayers et al.  1994 ). However on occa-
sions the effects can sometimes be longstand-
ing. However, no large-scale controlled studies 
are available. Nevertheless, numerous case 
series suggest potential short and intermediate-
term benefi ts as long as patients are carefully 
selected. 

   Table 19.1    Conditions that historically have been treated 
by sympathectomy   

 Raynaud’s 
phenomenon 

 Dysmenorrhea  Glaucoma 

 Acrocyanosis  Pancreatitis  Perniosis 
 Buerger’s 
disease 

 Angina pectoris  Arteriosclerosis 

 Causalgia  Arrhythmias  Hirschsprung’s 
disease 

 Migraine  Poliomyelitis  Arthritis 
 Renal 
disorders 

 Hyperhidrosis  Retinitis 
pigmentosa 

 Gall bladder 
disease 

 Paget’s disease of 
bone 

 Venous ulcerations 

 Peptic ulcer  Epilepsy  Constipation 

   Table 19.2    Current indications for thoracoscopic 
sympathectomy   

 1. Universally accepted: 
  Essential hyperhidrosis (palmar, axillar, facial) 
  Facial blushing/social phobia syndrome 
 2. In selected cases: 
   Raynaud’s phenomenon, acrocyanosis, upper limb 

arterial insuffi ciency 
  Buerger’s disease 
  Causalgia 
   Angina pectoris, long QT syndrome, ventricular and 

arterial tachycardia 
   Chronic pancreatic pain (pancreatic carcinoma, 

chronic pancreatitis) 
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 Thoracoscopic sympathectomy can be consid-
ered a reasonable alternative for cases of severe 
refractory Raynaud’s phenomenon (e.g., digital 
pre-gangrene; Fig.  19.2 ) as long as patients are 
well informed and accept a high probability of 
recurrent disease. However this approach is dif-
fi cult to justify in cases with less severe disease. 
Thoracoscopic sympathectomy offers immediate 
relief in up to 65–90 % of cases; however, the 
recurrence rates are high, and symptoms will 
recur in more than half of patients within 1–4 
years.

   The effects of TTS appear to be very short- 
lasting in patients with  Buerger’s disease , 

 especially if the subject continues to smoke. 
However in rare highly selected cases of  upper 
limb arterial insuffi ciency  associated with 
Buerger’s disease, we have observed signifi cant 
symptomatic improvements and signifi cant delay 
in time to amputation (personal observations). 

 Thoracoscopic sympathectomy has been – 
and still is – used in the treatment of  causalgia 
and refl ex sympathetic dystrophy . The success 
rates are reported to be above 90 % in selected 
cases with refractory disease and successful sym-
pathetic block (Mockus et al.  1987 ). However, 
the role of the sympathetic nervous system in 
causalgia and refl ex sympathetic dystrophy has 
recently been questioned. There is little evidence 
that interrupting the sympathetic supply is more 
effective in alleviating the pain of causalgia and 
refl ex sympathetic dystrophy when compared to 
placebo (Schott  1998 ). 

 Some series also suggest a potential role of 
TTS in the treatment of a variety of cardiac disor-
ders, such as severe  angina pectoris  refractory to 
medical or surgical treatment (Wettervik et al. 
 1995 ) and various arrhythmias including  long QT 
syndrome  (Moss et al.  1985 ) and  ventricular  and 
 paroxysmal atrial tachycardia  (Kadowaki and 
Levett  1986 ). 

 Finally, lower sympathetic interruption has been 
demonstrated to be benefi cial in the treatment of 
chronic  pancreatic pain  with signifi cant pain relief 
in 64–100 % of patients (Noppen et al.  1998a ,  b ). 

Before After

  Fig. 19.1    A patient with facial fl ushing before ( left ) and after ( right ) a T2 thoracoscopic sympatholysis procedure       

  Fig. 19.2    An example of a pre-gangrenous lesion in a 
patient with Raynaud’s disease prior to a T2–T3 thoraco-
scopic sympatholysis       
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 All levels of sympathetic interruption can safely 
be performed by thoracoscopic sympathicolysis 
when performed by a trained pulmonologist.  

19.2.2     Contraindications 

 Thoracoscopic sympathectomy, like any other 
thoracoscopic procedure, requires the presence 
of an open pleural space: small pleural adhesions, 
which may be encountered apically, especially in 
elderly patients, can often be easily transected. 
However the presence of extensive, organized 
pleural adhesions (e.g., after pleurodesis or as a 
post infectious sequelae) may compromise thora-
coscopic interventions. 

 Refractory bleeding diathesis is another 
 general contraindication to thoracoscopic 
sympathectomy.   

19.3     Equipment 

 Although virtually all medical thoracoscopic 
interventions can safely be performed in a dedi-
cated endoscopy suite (Boutin et al.  1991 ), we 
prefer to use a fully equipped operating theater for 
safety, logistical, and staff reasons. Whereas 
 diagnostic thoracoscopies are often performed 
under local anaesthesia and intravenous sedation, 

 interventional “red zone” medical thoracoscopies 
(e.g., for thoracoscopic sympathicolysis) are usu-
ally performed using total intravenous anaesthesia 
and single-lumen intubation with high-frequency 
jet ventilation (D’Haese et al.  1996 ). 

 With regard to the necessary required equip-
ment, a “simple” medical thoracoscopy set is suf-
fi cient (Fig.  19.3 ). Video assistance is obtained by 
means of a dedicated video camera and TV display. 
Sympathetic ablation is easily achieved by means 
of a coagulation forceps heated by a unipolar elec-
trocoagulation unit. No chest drains are needed.

   The total cost of the (multiple-use) medical 
thoracoscopy equipment and video display is 
estimated at 10,000 USD. In our institution (with 
about 100 thoracoscopic interventions per year), 
the telescopes are renewed every 5 years, and the 
video camera and imaging and data storage facil-
ities need to be replaced every 5–10 years.  

19.4     The Level of Interruption 
for Thoracoscopic 
Sympathectomy 

 Segmental postganglionic fi bers synapsing in the 
paravertebral lower cervical and thoracic sympa-
thetic ganglia (which form the sympathetic chain) 
provide the sympathetic innervation for a variety 
of internal organs (the heart, lungs, and intestine 

  Fig. 19.3    A standard rigid 
“medical thoracoscopy” set as 
used for thoracoscopic 
sympatholysis       
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including the pancreas) and blood vessels and 
sweat glands of the face and neck, upper limb, 
and axillary region. Thoracoscopic sympathec-
tomy is performed at the segmental level(s) rele-
vant to the required effect of denervation 
(Table  19.3 ). The eighth cervical ganglion and 
the fi rst thoracic ganglion are often fused together, 
forming the stellate ganglion; this lies over the 
neck of the fi rst rib in both hemithoraces. 
Ablation of the stellate ganglion, which supplies 
the sympathetic innervation of the face and neck, 
should be avoided because of the associated risk 
for developing a Horner’s syndrome.

   Each rib caudal to the fi rst rib has its corre-
sponding ganglion, although there is a great ana-
tomical variability. 

 The T 2  ganglion is the primary source of 
sympathetic innervation of the face and the 
hands, although more extensive ablation (T 2 –   T 3 , 
T 2 –T 4 , even up to T 2 –T 6 ) has been used in the 
past for the treatment of palmar hyperhidrosis. 
However, the success rate is identical when only 
the T2 ganglion is ablated for this condition 
(Kao  1992 ; Lin  1992 ). Limiting the number of 
levels ablated appears to reduce the extent and 
severity of side effects, e.g., compensatory 
hyperhidrosis (Gossot et al.  1997 ). Our personal 
experience together with recent published data 
demonstrates that successful management of 
palmar sweating can be obtained by T3 sympa-
thectomy (Fig.  19.4 ), with a lower associated 
incidence of compensatory sweating (Sciuchetti 
et al.  2008 ), and indeed some authors now even 
“descend” towards T4 for palmar hyperhidrosis 
(Wolosker et al.  2008 ).

   The division of the sympathetic chain over 
the caudal part of the fi rst rib, and coagulation 
down to the second and third ganglion, is 

 effective in relieving facial blushing (and sweat-
ing) in the majority of patients (Drott et al. 
 1998 ). For the relief of axillary hyperhidrosis, 
most authors advocate a T 2 –T 4  ablation 
(although contributions can come from T 5 ). 
However, current practice which limits the 
extent of sympathetic denervation to the T4 
level appears to offer equal results in controlling 
sweating with a lesser degree of compensatory 
sweating (Munia et al.  2008 ). 

 For the relief of the various vascular disorders 
of the upper arms and for causalgia, a T 2 –T 3  abla-
tion offers almost complete sympathetic denerva-
tion of the forearms and hands (Fig.  19.5 ).

   For the treatment of cardiac disorders, a left- 
sided or bilateral lower T 1 –T 6  denervation (some-
times up to T 10 ) is performed. Finally for the 
relief of pancreatic pain, coagulation is per-
formed from the 5th to the 11th rib heads.  

19.5     The Procedure 

 The preoperative workup includes a history (with 
special emphasis on previous pleuropulmonary 
disorders or interventions) and physical examina-
tion. This should then be supported with chest 
X-ray, ECG, pulmonary function tests, and a 

   Table 19.3    Level of sympathetic denervation in function 
of the indication   

 Indication  Sympathectomy level 

 Facial blushing and sweating  T 2  
 Palmar hyperhidrosis  T3 
 Axillar hyperhidrosis  T4 
 Upper limb vasospastic 
disorders; causalgia 

 T 2 –T 3  

 Cardiac disorders  Lower T 1 –T 6  (T 10 ) 
 Pancreatic denervation  T 5 –T 11  

  Fig. 19.4    The T3 sympathetic ganglion on the right side 
( star ). Successful management of palmar sweating can be 
obtained by T3 sympathectomy with a lower associated 
incidence of compensatory sweating. Sympathetic trunk: 
 white arrow . Posterior parietal pleura (■) with intercostal 
vessels on the left and rib on the right. Right upper lobe: 
○ (Courtesy Ph Astoul – Marseille – France)       
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classical preoperative biochemistry, hematology, 
and coagulation workup. 

 Since we perform a one-time bilateral proce-
dure, patients are positioned on the operating 
table in a supine position with the trunk elevated 
to 30°. The procedure is performed using total 
intravenous anaesthesia and single-lumen intuba-
tion. Both arms are horizontally spread at 90°. 
After skin cleaning and sterile wrapping, a right- 
sided pneumothorax is created using a Küss nee-
dle which is introduced in the axillary third 
intercostal space. 

 About 1,000–1,500 mL air is insuffl ated man-
ually into the pleural cavity. Skin incision and 
blunt dissection is performed, and a 7 mm trocar 
is placed. A rigid thoracoscope (Richard Wolff, 
Knitlingen, Germany) is introduced via the tro-
car, and the pleural space and sympathetic chain 
are inspected and identifi ed. A second entry point 
is created about 3 cm anterocephalad from the 
fi rst trocar. An insulated biopsy forceps, con-
nected to a unipolar coagulation unit, is intro-
duced via the second trocar. 

 Adhesions, if present, should be transected. 
The appropriate ganglion(a) is (are) identifi ed 
and cauterized over the rib head using fi ve to 
 fi fteen 60 W bursts. Coagulation is extended 

 laterally on the rib for 3–4 cm. After removal of 
the second trocar and skin suture of its entry 
point, negative suction is applied to the fi rst tro-
car, while simultaneously switching from high- 
frequency jet ventilation to manual balloon 
hyperinfl ation of the lungs. In this combined 
maneuver, the trocar is withdrawn and the skin 
sutured. No drains are left in place. The same 
procedure is immediately performed on the left 
hemithorax. Total operating time averages 
20 min. After recovery, the patients are trans-
ferred to the ward, and discharged some hours 
later after a control PA chest X-ray.  

19.6     Results, Side Effects, 
and Complications 

 The majority of the current available evidence 
which supports sympathectomy (for essential 
hyperhidrosis) is observational and comes from a 
variety of retrospective (with some prospective) 
clinical series as well as comparative studies. 
Cumulative data from over 6,000 reported 
patients demonstrates that thoracoscopic sympa-
thectomy is safe, reproducible, and effective and 
that most (but not all) patients are satisfi ed with 
the results of the procedure. However it is diffi -
cult to compare the series, and generalization is 
compromised by a lack of uniform defi nitions 
and outcome measures. In addition the operative 
technique varies widely from study to study, and 
the optimal technique remains elusive. The lack 
of uniform outcome measures makes the data dif-
fi cult to interpret, and standardized metrics of 
results (objective quantifi cation of sweating, 
standardized quality of life questionnaires) are 
required (Henteleff and Kalavrouziotis  2008 ). 
Notwithstanding these limitations, the data show 
that relief of palmar sweating is excellent: imme-
diate success rates are reported from 90 and 
100 % and most often reach 95 to 100 %. Long- 
term success is obtained in 67 to 100 % and most 
often in over 95 % of cases. Late recurrences are 
observed in approximately 5 % of cases; in these 
cases redo interventions are usually successful. 
Immediate failures most often occur when a par-
allel neural pathway is present (Kuntz’s fi ber(s)). 

  Fig. 19.5    T2    ( star on the right ) and T3 ( star on the mid-
dle ) sympathetic ganglion located respectively at the 
level of the head of the second and third rib. Sympathetic 
trunk is visible ( white arrows ) on the posterior parietal 
pleura. For the relief of the various vascular disorders of 
the upper arms and for causalgia, a T 2 –T 3  ablation offers 
almost complete sympathetic denervation of forearms 
and hands,  white circle  lung (Courtesy Ph Astoul – 
Marseille – France)       
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These should be included in the ablation proce-
dure by extending the pleural coagulation later-
ally over the rib. In addition the procedure will 
fail if a pleural space cannot be obtained. Late 
recurrences are probably due to nerve fi ber 
regeneration. 

 In the past most authors used to perform 
extended resections/ablations over various seg-
mental levels; however, current evidence sug-
gests that equivalent results on can be obtained 
by limited sympathetic interruptions to one seg-
mental level ,thus dramatically lowering the inci-
dence, extent, and severity of compensatory 
hyperhidrosis (which is the major side effect). 
Compensatory hyperhidrosis is defi ned as the 
occurrence of increased sweating after TS, espe-
cially at the level of the dermatomes above and 
below the sympathectomy level; its incidence 
varies from 0 and 99 % (!) in the published series. 
However, most authors report rates between 40 
and 70 %. Compensatory sweating can occasion-
ally be very severe; therefore some authors pro-
pose a temporary sympathetic block prior to the 
defi nitive interruption (Miller and Force  2008 ) 
and/or prefer clipping instead of resection or cau-
terization (allowing reversibility in 50 % of cases 
if severe intractable side effects are encountered) 
(Sugimura et al.  2009 ). 

 Gustatory sweating is reported in 9–64 % of 
patients: this range is diffi cult to explain. 
Development of a temporary or permanent 
Horner’s syndrome occurs in 0–17 % of patients. 
This suggests that the personal experience and 
technique of the operator seems to be crucial. 
Major complications which necessitate addi-
tional interventions (e.g., chest tube drainage for 
persistent pneumothorax, hemothorax, or conver-
sion to thoracotomy) are extremely rare, espe-
cially in recent large series. Numerous studies 
have shown that TS causes measurable but clini-
cally insignifi cant effects on pulmonary function, 
cardiac, and autonomic function (Noppen and 
Vincken  1996a ,  b ,  1997 ; Noppen et al.  1997a ,  b ). 

 In summary, modern thoracoscopic thoracic 
sympathectomy, whether performed by surgeons 
or pulmonologists, appears to be a highly effec-
tive and safe treatment option for patients suffer-
ing from essential hyperhidrosis. Whereas 

success is obtained in 95–100 % of patients, the 
safety profi le seems to increase with increasing 
operator experience, use of video equipment, 
extreme care in avoiding the T 1  ganglion (e.g., by 
careful palpation, radioscopy, or preoperative 
temperature – or blood fl ow monitoring if neces-
sary), use of smaller-sized thoracoscopy equip-
ment, and limited and simplifi ed ablation, 
transection, or clipping procedures instead of 
extended multilevel dissection and resection 
techniques (Assalia et al.  2007 ).  

    Conclusion 

 Thoracoscopic sympathectomy is a relatively 
simple, effective, and safe method for achiev-
ing thoracic sympathetic denervation. The 
procedure can be performed by surgeons and 
by well- trained pulmonologists, but in the 
setting of “medical thoracoscopy,” it should 
be categorized as a “red zone” procedure. 
Over the last decade, the methodology for 
thoracoscopic sympathectomy has shifted 
towards a less invasive and more simplifi ed 
procedure: one-time bilateral electrocautery 
or clipping with small-diameter medical or 
surgical thoracoscopy equipment, single- 
lumen intubation, and general anaesthesia, 
all performed in a 1-day clinic setting. 
   Excellent and long-lasting results are 
obtained in essential (palmar and/or axillary 
and/or facial) hyperhidrosis and facial blush-
ing – with an excellent safety profi le. In care-
fully selected patients, TTS can provide 
substantial relief in Raynaud’s phenomenon, 
causalgia and refl ex sympathetic dystrophy, 
Buerger’s disease and upper limb vascular 
insuffi ciency, selected cardiac arrhythmias, 
long QT syndrome and angina pectoris, and 
in patients with intractable chronic pancre-
atic pain.     
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20.1            Introduction 

 After the introduction of laparoscopic tech-
niques, there was a real revival of thoracoscopy 
in the 1990s, which was renamed VATS—video- 
assisted thoracic surgery—using a camera, moni-
tor and video equipment. VATS has been used for 
a variety of pulmonary, pleural and pericardial 
disorders, offering superb visualisation of the 
ipsilateral haemithorax (Van Schil et al.  1996 ). 

 Combined procedures are also feasible, and 
with the advent of robotic techniques, more com-
plex interventions have become possible, e.g. 
radical thymectomy. 

 In this chapter the history of pericardiotomy is 
briefl y described, followed by a general overview 
of pericardial effusions, the surgical approach 
to the pericardium, the technique of pericardial 
 fenestration by VATS and lastly, the published 
results for specifi c indications.  

20.2     History of Pericardiotomy 

 The pericardium, composed of a visceral and pari-
etal layer, was known as an anatomical structure 
by Hippocrates. It was considered to be an inte-
gral part of the heart. For this reason, Shumacker 
HB proposed that cardiac interventions should 
also include procedures on the pericardium. In 
this respect, Francisco Romero is credited as the 
fi rst cardiac surgeon to perform a pericardiotomy 
in 1801 (Van Thielen and Van Hee  2008 ). The 
patient was a 35-year-old farmer presenting with 
a pericardial effusion. Using an anterior thoracot-
omy in the fi fth intercostal space, the pericardium 
was incised. A large volume of stone-coloured 
fl uid was evacuated. Three years after this pro-
cedure, the patient only complained of incisional 
pain. In 1815 Romero presented a memoir on 
the treatment of thoracic effusions in Paris; how-
ever, his approach was found to be too aggres-
sive (Fig.  20.1 ). Nine years later, Dominique 
Jean Larrey performed his fi rst pericardiotomy 
in a 30-year-old former soldier who developed a 
purulent pericardial effusion after a penetrating 
wound in the left chest. The procedure was also 
performed by an anterior thoracotomy, and about 
1 l of brown-yellow fl uid mixed with blood was 
evacuated. Moreover, Larrey did some experi-
mental studies which repeated his intervention 
in several corpses. In this way, he established 
the scientifi c basis for the surgical procedure that 
remains in use today.
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20.3        Pericardial Effusions 

 The pericardium has many physiological func-
tions which mainly prevent overdistension of the 
cardiac chambers and torsion of the heart by exert-
ing a contact stress (Spodick  1991 ). However, 
congenital absence of the pericardium usually 
does not lead to specifi c clinical symptoms. 

 Under normal physiological conditions, only a 
minimal amount of pericardial fl uid is present at 
the posterior side of the heart. Accumulation of 
fl uid and/or air gives rise to specifi c conditions 
which are listed in Table  20.1 . An example of air 

building up inside the pericardium, a so-called 
pneumopericardium, is provided in Fig.  20.2 . 
A number of disorders may provoke pericardial 
effusions, and these are summarised in Table  20.2  
(Hazelrigg and McGee  1999 ; Spodick  1991 ). 
When the volume of fl uid increases in the peri-
cardial space, depending on the amount and rate 
of accumulation, the pericardial reserve volume 
is exceeded and the pericardial pressure rises 
steeply which will ultimately result in cardiac 
tamponade. This occurs earlier when blood accu-
mulates inside the pericardium and compresses 
the heart. Symptoms of a pericardial  effusion 

  Fig. 20.1    The Memoir of 
Francisco Romero on the 
treatment of thoracic effusions 
as presented in 1815       
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include cough, shortness of breath, thoracic 
pain, malaise, peripheral oedema and symptoms 
related to the underlying disorder, e.g. cachexia 
in malignant pericardial effusions.

     Chest X-ray usually reveals a clearly enlarged 
cardiac silhouette, typically with a water bottle 
confi guration (Fig.  20.3 ). Electrocardiography 
may show reduced voltage, ST segment eleva-
tion and cardiac arrhythmias in cases with asso-
ciated heart disease. Echocardiography readily 
provides the correct diagnosis and is able to 
differentiate between small, moderate and large 
effusions (Fig.  20.4 ). CT scan and magnetic 
resonance imaging may also be helpful to evalu-
ate the pericardial thickness and cardiac func-
tion especially in patients with poor echogenic 
windows (Fig.  20.5 ). In some cases, the healing 
process will result in excessive thickening of the 
pericardium, associated fi brosis and constriction, 
which may fi nally give rise to a constrictive peri-
carditis characterised by a so-called Pantserherz 
(Fig.  20.5 ). This results in profound haemody-
namic consequences by limiting normal fi lling of 
the cardiac cavities.

   Table 20.1    Specifi c conditions in 
which air and fl uid accumulate 
inside the pericardium   

 Pneumopericardium (tension)  Air (pneumotamponade) 
 Hydropericardium  Serous fl uid (transudate) 
 Hydropneumopericardium  Air + serous fl uid 
 Haemopericardium  Blood, clots 
 Pyopericardium  Purulent effusion 
 Pyopneumopericardium  Purulent effusion + air 
 Chylopericardium  Chyle 
 Lymphopericardium  Lymphatic fl uid 

  Fig. 20.2    Postoperative 
pneumopericardium in a 
patient who underwent a left 
repeat thoracotomy for 
recurrent pulmonary 
metastases       

   Table 20.2    Disorders associated with pericardial effusions   

 Infectious  Viral, bacterial, mycotic, 
parasitic 

 Traumatic  Penetrating, blunt 
 Malignant  Primary 

 Secondary (lung, breast, 
lymphoma) 

 Infl ammatory  Connective tissue disorders 
 Vasculitis 

 Metabolic  Renal failure 
 Cholesterol pericarditis 

 Idiopathic/others  Cardiac surgery 
 Intrapericardial 
pneumonectomy 
 Post-radiotherapy 
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20.4          Surgical Approaches 
to the Pericardium 

 Several approaches to the pericardium exist, 
ranging from minimally invasive to extensive 
open procedures. These are listed in Table  20.3  
together with their specifi c indication.

   During anterior mediastinotomy, it is feasible 
to open the pericardium for evaluation of tumour 

extension of a bronchogenic carcinoma and to 
evaluate the pericardial space (Van Schil 
et al.  1991 ). Videopericardioscopy allows exten-
sive intrapericardial inspection, aspiration of 
fl uid and biopsies of different regions (Porte et al. 
 1999 ; Demaria et al.  2005 ). Insertion of a drain 
and instillation of sclerosing agents are also 
 easily accomplished. In addition, the evaluation 
of intrapericardial extension of mediastinal or 

  Fig. 20.3    A chest radiograph 
showing enlarged cardiac 
shadow due to a pericardial 
effusion post aortic valve 
replacement       

  Fig. 20.4    Echocardiographic parasternal short axis ( left panel ) and apical four-chamber view ( right panel ) in a patient 
with large pericardial effusion ( LV  left ventricle,  RV  right ventricle,  PE  pericardial effusion)       
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 pulmonary neoplasms has been performed by 
this technique (Pompeo et al.  2007 ). Recently, a 
complete endoscopic subxiphoid pericardios-
copy has been described allowing diagnostic and 
therapeutic interventions (Manca et al.  2009 ). 

 Video-assisted thoracic surgery or VATS is a 
more invasive technique requiring general anaes-
thesia and double-lumen intubation. It can be 
performed from the left or right side and has sev-
eral advantages including inspection of the entire 
haemothorax and evaluation of the visceral, 
 parietal pleura and pericardium. Specifi c biop-
sies can be taken including puncture or resection 

of suspicious pulmonary nodules or mediastinal 
lesions. Therapeutic procedures such as pericar-
dial fenestration can be performed under direct 
vision. With the advent of robotic techniques, 
specifi c cardiac and thoracic procedures can now 
be performed by minimally invasive techniques. 
Extensive cardiac or pericardial interventions, 
e.g. complete pericardial resection or repair of 
large, traumatic cardiac injuries, still require ster-
notomy or thoracotomy depending on the spe-
cifi c procedure.  

20.5     Technique of Pericardial 
Fenestration by VATS 

 The patient is prepared as for a classical thora-
cotomy (Fig.  20.6 ). Our standard technique for 
most VATS procedures includes general anaes-
thesia, insertion of a double-lumen endotracheal 
tube and a thoracic epidural catheter for adequate 
pain control. Pure local anaesthesia with sedation 
has been used to perform a pericardial window 
but experience is rather limited (Katlic  2006 ). 
The patient is positioned in the lateral decubitus 
position on a bean bag and is slightly tilted back-
wards. In this way, the lung falls away posteriorly 
thus allowing easier access to the pericardium. 
The procedure can be performed from the left or 
right side. If feasible, the right side is chosen as it 
provides more working space because the largest 
volume of the heart is on the left side (Fig.  20.7 ). 
Usually, the fi rst thoracoport is inserted in the 
midaxillary line in the 7th intercostal space 
allowing inspection of the pleural cavity, lung 
and pericardium. Additional working ports are 

  Fig. 20.5    Short-axis magnetic resonance image of the 
heart in a patient with constrictive pericarditis. The  arrows  
indicate thickened pericardium (“Pantserherz”)       

   Table 20.3    Surgical approaches to the pericardium   

 Technique  Indication 

 Anterior mediastinotomy with opening of the 
pericardium 

 Inspection, diagnosis pericardial + pulmonary disorders 

 Videopericardioscopy  Inspection, evaluation intrapericardial lesions + biopsy 
 Subxiphoid approach (surgical)  Drainage, pericardial biopsy, partial pericardial excision, 

pericardioperitoneal window 
 Video-assisted thoracic surgery (VATS)  Diagnosis pleural, pulmonary, pericardial disorders; limited 

therapeutic interventions (pericardiopleural window) 
 Sternotomy, anterior thoracotomy  Extensive therapeutic procedures (repair heart, complete 

pericardiectomy) 
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made anteriorly and posteriorly. A single port 
technique has been described but access is more 
limited (Rocco et al.  2006 ). The pericardium is 

grasped and opened with scissors or a diathermy 
hook. A large pericardial window can be cre-
ated anterior to the phrenic nerve which should 
be visualised on its entire length and carefully 
spared. In cases with a loculated posterior effu-
sion, a fenestration is also performed posterior to 
the phrenic nerve.

    A small-bore drain is inserted in the pericar-
dium, and if there is an associated pleural effu-
sion, a pleural drain is also left behind. They are 
connected to a thoracic drainage unit with suc-
tion of −15 to −20 cm H 2 O.  

20.6     Specifi c Indications 
and Results of Pericardial 
Fenestration with VATS 

 The precise treatment of a symptomatic pericar-
dial effusion remains controversial and as there 
are no prospective randomised studies, no defi -
nite guidelines can be given. The principal goals 
are to obtain a defi nite cytological or histologi-
cal diagnosis, to completely drain the pericardial 
effusion and to prevent its recurrence or develop-
ment of a constrictive pericarditis (Hazelrigg and 

  Fig. 20.6    The ideal 
positioning of the patient on 
the operating table for a 
classical VATS procedure       

  Fig. 20.7    The thoracoscopic view obtained of the right peri-
cardium demonstrating the central route of the phrenic nerve       
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McGee  1999 ; Veeramachaneni and Battafarano 
 2007 ). Most utilised techniques are percutaneous 
catheter drainage under ultrasound guidance and 
creation of a subxiphoid pericardiotomy by an 
open technique. In a retrospective study compar-
ing these two procedures in 246 patients, drainage 
duration, total drainage volume and duration of 
follow-up were similar in both groups (McDonald 
et al.  2003 ). There was no mortality related to the 
pericardial intervention, but hospital mortality 
was high due to the underlying disease—malig-
nancy was present in 32 % of patients. Diagnosis 
of a malignant disorder was confi rmed in 59 % 
cases investigated by a percutaneous procedure 
and 62 % in the open group. Symptomatic effu-
sions recurred in 16.5 and 4.6 % of the percu-
taneous intervention and open procedure groups 
respectively. Sclerosis did not appear to reduce 
recurrence rate. So, both techniques can be per-
formed safely, but open drainage resulted in less 
recurrent effusions although it did not improve 
the diagnostic accuracy of malignancy. 

 In haemodynamically unstable patients and 
those with physiological signs of tamponade, the 
initial treatment consists of pericardiocentesis 
and insertion of a small-bore catheter to relieve 
the effusion and lower the pericardial pressure 
(Veeramachaneni and Battafarano  2007 ). In the 
setting of a high volume output, open drainage is 
subsequently performed with creation of a peri-
cardioperitoneal window. In stable patients with 
an effusion of unknown origin, residual effusion 
or combined pleural and pericardial effusions, an 
open technique is also preferred as it provides the 
best chance to obtain a defi nite histological diag-
nosis and lower the risk of recurrence. 

 VATS is particularly useful for patients 
with combined pleural and pericardial disease 
and for loculated or recurrent pericardial effu-
sions, especially those located laterally or pos-
teriorly (Geissbühler et al.  1998 ; Stewart and 
Sundaresan  2005 ). 

 VATS is a very effi cient method to create a 
pleuropericardial window on the left or right side. 
Additional procedures on the ipsilateral lung, 
pleura and mediastinum are possible—includ-
ing biopsies and drainage of a pleural effusion 
(Nataf et al.  1998 ). Although Katlic described 

in 2006 the use of local anaesthesia and seda-
tion for performing VATS procedures including 
pericardial fenestration, in our institution gen-
eral anaesthesia is preferred with double- lumen 
intubation and insertion of a thoracic epidural 
catheter. This provides a comfortable working 
space, thus allowing for a correct and complete 
technical procedure. 

 In a retrospective comparative study of a sub-
xiphoid approach versus a VATS pericardial win-
dow in a total of 71 patients, the operative time 
and minor morbidity rate were higher with VATS 
(O’Brien et al.  2005 ). However, in a multivariate 
analysis the thoracoscopic approach was a sig-
nifi cant independent predictor of freedom from 
recurrence; so, therefore, VATS appears to pro-
vide a better long-term control of the effusion. 

 In a prospective study of VATS pericardial 
fenestration, 24 patients were evaluated and 11 
had been previously treated (Geissbühler et al. 
 1998 ). Inclusion criteria were pericardial effu-
sions requiring diagnosis or relief of symptoms 
and recurrent effusions after failed percutane-
ous procedures. Twelve patients had additional 
pleural pathology identifi ed on chest CT, and 
talc pleurodesis was performed in six patients. 
Mean operative time was 45 min. Relief of symp-
toms was obtained in all patients. After a mean 
follow- up of 33 months, two recurrences were 
noted, but none in the patients who were treated 
by talc pleurodesis. VATS was found to be a safe 
and effective technique for loculated or recurrent 
pericardial effusions and those with combined 
pleural disease. 

 These fi ndings were confi rmed by the more 
recent study of Georghiou and colleagues who 
reported, in 2005, their 3-year experience with 18 
patients. To create a pericardial window, a VATS 
approach was used under general anaesthesia 
with single-lung ventilation. Sixteen procedures 
were performed on the right side providing a 
comfortable working environment. Histological 
diagnosis was readily obtained and there were no 
complications. VATS is considered to be an effec-
tive approach for pericardial drainage and biop-
sies, creation of a pleuropericardial window and 
treatment of simultaneous pleural and pulmonary 
disorders. 
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 Also in the setting of cardiac/thoracic trauma, 
VATS may be a useful technique for injury evalu-
ation and to create a pericardial window. In a total 
series of 71 patients with suspected penetrating 
cardiac injuries, a thoracoscopic pericardial win-
dow was successfully completed in 13 patients 
who sustained stab and gunshot wounds (Navsaria 
and Nicol  2006 ). A haemopericardium was present 
in three patients and two cases proceeded to ster-
notomy. The mean VATS operative time was only 
13.4 min with a hospital stay of 5.4 days. There 
were no complications related to the procedure. 

 In conclusion, VATS is a safe and effective 
technique to create a pericardial window, espe-
cially in cases of loculated or recurrent pericardial 
effusions and in those patients with concomitant 
pleural or pulmonary disease. General anaesthe-
sia is preferred utilising single- lung ventilation, 
thus allowing for a technically straightforward 
procedure with a low risk of recurrence on long-
term follow-up.     
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        Everybody agrees that medical thoracoscopy is a 
minimally invasive technique which is well toler-
ated and associated with very few complica-
tions—provided the operators are well trained. It 
has been performed by pulmonologists on conti-
nental Europe for more than 100 years. It was an 
ambulatory procedure during the terrible era of 
tuberculosis for obtaining lung collapse by cut-
ting pleural adhesions. This was a mainstay of 
tuberculosis management before antibiotics were 
invented. This intervention was performed and 
often repeated on patient. 

 Over the two decades there have been great 
improvements in the  fi eld of imaging with the 
invention of videothoracoscopy, thus making 
thoracoscopy more accessible to chest physi-
cians. Recently the British Thoracic Society rec-
ognised that thoracoscopy should no longer be 
neglected by pulmonologists. This is an evolving 
view on thoracoscopy as English-speaking physi-
cians once again discover the great potential of 
this technique. 

 However, even if complications are very rare, 
the thoracoscopist must bear them in mind.   

        P.   Astoul      (*) 
  Division of Thoracic Oncology, 
Pleural Diseases, and Interventional Pulmonology , 
 Hôpital NORD ,   Marseille ,  France   
 e-mail: pastoul@ap-hm.fr   

    G.   Tassi      
  Division of Pneumology , 
 Spedali Civili di Brescia ,   Brescia ,  Italy   
 e-mail: gf.tassi@tin.it   

    J.-M.   Tschopp      
  Département de Médecine Interne
Centre valaisan de pneumologie , 
 CHCVs ,   Montana   3963 ,  Switzerland   
 e-mail: jean-marie.tschopp@hopitalvs.ch  

 21      The Safety Pro fi le of Medical 
Thoracoscopy: Expert Advices 
and Recommendations 

              Philippe     Astoul     ,     GianFranco     Tassi     , 
and     Jean-Marie     Tschopp    



209P. Astoul et al. (eds.), Thoracoscopy for Pulmonologists, 
DOI 10.1007/978-3-642-38351-9_22, © Springer-Verlag Berlin Heidelberg 2014

22.1            Introduction 

 The fear of complications arising from the proce-
dure is often the main quoted reason for the 
reluctance of many pulmonologists to perform 
thoracoscopy and for a decline of “medical thora-
coscopy” in some countries. In addition there is a 
trend to transfer pleural investigations to the tho-
racic surgeon in many centres around the world. 

 In this chapter we will present the reported 
incidence of complications, together with our 
own experience, and we will analyse the possible 
causes of these complications and provide some 
methods to prevent or reduce them.  

22.2     Complications 

 When performed by well-trained personnel, tho-
racoscopy is a safe procedure (see Table  22.1 ). 
Oxygen desaturation during thoracoscopy under 
local anaesthesia is unusual, and – in our experi-
ence – the procedure is well tolerated especially 
when large pleural effusions are drained imme-
diately after insertion of the trocar, thus improv-
ing respiratory function. In four studies with 819 
patients in total, no fatal cases were reported 

(Davidson et al.  1988 ; Menzies and Charbonneau 
 1991 ; Enk and Viskum  1981 ; De Camp et al. 
 1973 ); however, fatal complications can occur 
(Medford et al.  2009 ). When talc poudrage is 
also performed, the complication rate might be 
expected to rise a little (Froudarakis et al.  2006 ), 
especially in patients with a poor performance 
status (Froudarakis et al.  2010 ). We report in 
Table  22.2  the most relevant complications found 
in our thoracoscopy series; these include talc 
poudrage for malignant pleural effusions in more 
than 500 patients, using two different types of 
talc with small and large particle size.

    In order to understand better how to manage 
thoracoscopic complications, we are separating 
them into several categories: 

22.2.1     Complications 
of Thoracoscopy Associated 
with Poor Patient Selection 

 Most complications can be avoided by proper 
selection of patients for thoracoscopy (see 
Table  22.3  and Fig.  22.1 ). Patients with severe 
COPD and respiratory insuffi ciency – with 
hypoxemia (PO 2  < 50 mmHg) and hypercapnia 
– will not tolerate the induction of a pneumo-
thorax without a further deterioration of the 
gas exchange, and should be viewed as unsuit-
able candidates for thoracoscopy. When there 
is severe contralateral lung or pleural involve-
ment, thoracoscopy is not advisable, unless 
general anaesthesia and tracheal intubation 
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are used. Patients with unstable cardiovascular 
status should not undergo thoracoscopy: any 
patient with a history of cardiovascular disease 
– especially those with unstable angina or recent 
history of myocardial infarction – should be 
carefully evaluated before undertaking a thora-
coscopy. Cough, fever and infection are relative 

contraindications to thoracoscopy, and defi nitive 
treatment or optimisation of these pre-existing 
conditions should be considered before a proce-
dure is scheduled. Thoracoscopy is not feasible 
in the setting of tight adhesions between the vis-
ceral and the parietal pleura. In cases of localised 
pleural adhesions, it might be possible to create 
a pleural space by extended thoracoscopy using 
digital dissection in the pleural cavity (Janssen 
and Boutin  1992 ). However, this technique 
should be performed only by experienced tho-
racoscopists. Medical thoracoscopy is not safe 
in advanced pulmonary fi brosis; after induction 
of pneumothorax in these cases, severe acute 
hypoxemia might occur, and re-expansion of the 
lung can be diffi cult due to the loss of elasticity 
of the pulmonary tissue. In addition, biopsy of 
the lung parenchyma in pulmonary fi brosis may 
result in prolonged air leakage. Biopsy should 

   Table 22.1    Complications of thoracoscopy as reported 
in four series   

 Viskum and Enk (1981) 
   Revision of 2,298 reported procedures in 15 

(general) series 
   Subcutaneous emphysema: 1.3 % 
   Empyema: 2 % 
   (Signifi cant) bleeding: 2.3 % 
   Air embolism: 0.2 % 
   Death due to the technique: 0.09 % 
 Viallat et al. (1996) (360 patients undergoing talc 
poudrage) 
  Subcutaneous emphysema: 0.6 % 
  Empyema: 2.5 % 
 Ribas et al. (2001) (614 patients undergoing talc 
poudrage) 
  Empyema: 2.7 % 
  Re-expansion pulmonary oedema: 2.2 % 
  Respiratory failure: 1.3 % 
  Air leak: 0.5 % 
  Postoperative bleeding: 0.4 % 
 Colt (2005) (52 prospective procedures) 
   Major adverse event: 1.92 % (1/52) [This was a 

patient with severe dyspnea, advanced scleroderma 
and recurrent pleural effusion who underwent a 
thoracoscopy for drainage and assessment of lung 
expansibility. A severely trapped lung was observed, 
so pleurodesis was not performed. Symptoms 
resolved after drainage with a small-bore chest tube] 

   No procedure-related deaths or intraoperative 
accidents 

  No patient required immediate open-chest surgery 
   There were no episodes of procedure-related sepsis, 

prolonged intubation or prolonged air leak requiring 
re-intervention or thoracotomy 

   Thoracoscopy was never aborted due to failure of 
entry into the pleural space (extended thoracoscopy 
was performed in two patients with empyema) 

   Minor adverse events: 19.2 % (10/52) including 
talc-related fever in 7 subjects. This adverse rate 
decreased to 5.7 % (3/52) if talc-related fever 
removed from the analysis [These included wound 
infection at a chest tube insertion site (1), fever (1) 
and a small clinically insignifi cant pneumothorax 
after chest tube removal] 

   Table 22.2    Complications of thoracoscopy in patients 
with malignant pleural effusion undergoing talc poudrage 
using two different types of talc (personal experience)   

 Complications 
 Patients 
( N  = 512) 

 Small- 
particle 
talc 
( N  = 232) 

 Large- 
particle 
talc 
( N  = 280) 

 Death < 10 
days 
  N  = 26/232 
(11 %) 

 Death < 10 
days 
  N  = 5/280 
(1.8 %) 

 Transient dyspnea 
after talc 

 50 
(9.8 %) 

 31 
(13.4 %) 

 19 (6.8 %) 

 Acute pain after 
talc 

 44 
(8.6 %) 

 28 (12 %)  16 (5.7 %) 

 Subcutaneous 
emphysema 

 20 
(3.9 %) 

 16 (6.9 %)  4 (1.4 %) 

 Neoplastic 
invasion of the 
thoracoscopy tract 

 14 
(2.7 %) 

 12 (5.2 %)  2 (0.7 %) 

 Pulmonary 
embolism 

 12 
(2.3 %) 

 9 (3.9 %)  3 (1 %) 

 Empyema  9 (1.9 %)  4 (1.7 %)  5 (1.8 %) 
 Bleeding 
(requiring blood 
transfusion) 

 2 (0.4 %)  1 (0.5 %)  1 (0.4 %) 

 Acute respiratory 
distress 

 1 (0.2 %)  1 (0.5 %)  – 

  Small talc (Spanish talc): particles with a mean diame-
ter = 9.8 μm (0.5–42). Large-particle talc (Steritalc®): 
 particles with mean diameter = 24.5 μm (1.1–74)  
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also be avoided in hydatid cyst disease, arterio-
venous malformations and other highly vascula-
rised lesions.

22.2.1.1        Pain and Anxiety 
 Pain and anxiety are frequent during the proce-
dure – especially when the thoracoscopy is per-
formed under local anaesthesia, even if talc 
poudrage is not performed. Although medical 
thoracoscopy is safe and relatively simple, this 

depends on the experience of the physician. In 
addition the operator needs to understand the 
cavity anatomy from the thoracoscopic point of 
view (which is not always the same as the con-
ventional anatomy, as there is a limited fi eld of 
vision compared with open thoracotomy or 
autopsy). The presence of multiple loculations 
can also make the exploration diffi cult. The tech-
nique should be explained clearly to the patient, 
especially when the procedure is going to be 

BEWARE OF PATIENTS WITH:

PERSISTENT COUGH
(Subcutaneous emphysema !!)

Severe
COAGULATION DISORDERS

Severe
RESPIRATORY INSUFFICIENCY

Important
PLEURAL ADHESIONS

Severe bilateral lung involvement
Significant bilateral effusion

(with or without Ascites)

   Table 22.3    Patient selection criteria for thoracoscopy 
is critical, in order to prevent complications. In patient 
A, a contralateral lesion is seen in the lung parenchyma, 
and medical thoracoscopy (using conscious sedation and 

spontaneous ventilation) would be problematic. Patient B 
has a bilateral pleural effusion, and therapeutic thoracen-
tesis in one side should be performed before attempting 
thoracoscopy on the contralateral side       

a

  Fig. 22.1    Patient  A  – a 
contralateral lesion is seen in 
the lung parenchyma, and 
medical thoracoscopy (under 
conscious sedation and 
spontaneous ventilation) 
would be problematic. Patient 
 B  – a patient with bilateral 
pleural effusions. In this 
scenario a therapeutic 
thoracentesis is required on 
one side prior to attempting 
thoracoscopy on the 
contralateral side       
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done under local anaesthesia, as this will allay 
the patients’ fears and make them more confi dent 
and relaxed during the exploration. The role of 
preoperative medication has not been subjected 
to randomised studies: we routinely administer 
0.4–0.8 mg atropine (intramuscular or subcutane-
ous) prior to the procedure, to prevent vasovagal 
reactions. Intravenous midazolam can be very 
useful, especially in young patients. Sedation 
during the procedure can be performed using 
incremental dosages of a narcotic (morphine, 
pethidine or fentanyl) and a benzodiazepine, and 
agents to antagonise both morphine and benzodi-
azepine should be available. A number of consid-
erations should be taken into account when 
choosing the anaesthetic technique:
•    Mental status of the patient (patients afraid 

of any medical procedure should be offered 
general anaesthesia; children and mentally 
retarded patients should be treated under gen-
eral anaesthesia).  

•   Suspected duration and type of thoracoscopy: 
when a procedure is suspected to be long or 
painful (e.g. multiloculated empyema), general 
anaesthesia is preferred. Procedures with two 
or more ports of entry, or those including chem-
ical pleurodesis, are potentially more pain-
ful, and generous amounts of opiates may be 
required. We titrate intravenous pethidine while 
keeping the patient awake – and have obtained 
good results in more than 500 local anaesthesia 
procedures undergoing talc poudrage.     

22.2.1.2     Acute Respiratory 
Insuffi ciency or Heart Failure 

 A posteroanterior and lateral chest X-ray fi lm is 
mandatory in order to evaluate the most conve-
nient port of entry, to exclude the presence of 
contralateral pulmonary lesions (that could lead 
to acute respiratory insuffi ciency at the time of 
inducing the pneumothorax for thoracoscopy) 
and to evaluate the size and shape of the pleural 
effusion. Electrocardiogram, coagulation and 
blood gas analysis are also necessary.  

22.2.1.3     Other Complications 
Associated with Patient 
Selection 

 Great care is required with patients who are in a 
very poor clinical condition, hypoproteinemic 
or with diffuse neoplastic infi ltration of the 
chest wall (Rodriguez Panadero  1995 ). In addi-
tion, medical thoracoscopy should be deferred 
in patients with an uncontrolled cough, because 
the exploration is likely to be diffi cult and 
results in more complications especially subcu-
taneous emphysema. Preoperative preparation 
of patients with obstructive lung disease should 
include chest physiotherapy, bronchodilators, 
antibiotics and corticosteroids. 

 In order to prevent pulmonary embolism, 
especially in patients with malignant pleural 
effusions treated with talc pleurodesis, we advise 
prophylactic heparin throughout the whole hospi-
tal stay.   

b
Fig. 22.1 (continued)

F. Rodríguez-Panadero and B.R. Romero



213

22.2.2     Complications Associated 
with the Thoracoscopy 
Technique 

22.2.2.1     Laceration of the Lung During 
Insertion of the Trocar 

 Some authors advocate the creation of a pneu-
mothorax a few hours or even the day before the 
thoracoscopy. This technique may help reduce 
blood fl ow in the periphery of the lung, and may 
prevent damage to the lung after the introduction 
of the thoracoscopy instruments. However, direct 
introduction of a blunt trocar into the thoracic wall 
without prior induction of pneumothorax is, in our 
experience, safe and effective especially if there is 
enough pleural fl uid. A previously induced pneu-
mothorax can be useful to assess for pleural lesions 
and lung collapsibility in advance of a thoracos-
copy, but a contrast CT scan, which is strongly 
recommended in the evaluation of every undiag-
nosed exudative pleural effusion, can also be very 
useful. Ultrasound examination can be also very 
helpful to identify loculations in the pleural cav-
ity and to locate the best entry site for thoracos-
copy (Tsai and Yang  2003 ; Medford  2010 ). The 
trocar should always be inserted perpendicular to 
the chest wall with a rotating/corkscrewing motion 
(see Fig.  22.2 ). It is safer to locate the tip over the 
border of the inferior rib at the chosen port of 
entry, in order to prevent  damage to the intercostal 

vessels and nerves. Rarely the introduction of the 
trocar can be troublesome especially in cases of 
pleural adhesions. When the physician is not sure 
about the presence of tight adhesions between the 
lung and the chest wall at the chosen site of entry, a 
digital dissection and direct exploration of the port 
of entry with the telescope may be of help.

22.2.2.2       Bleeding 
 Patients with pancytopenia or coagulation disor-
ders can be at risk, and no invasive procedure 
should be performed if the platelets are below 
60,000/mm 3 . To perform a safe biopsy in patients 
on anticoagulant medication, the INR should be 
<2.0. Aspirin may prolong bleeding time, but is 
not an absolute contraindication for biopsies. 
Clopidogrel or other antiplatelet agents might be 
more problematic and should be discontinued 
before thoracoscopy. In order to prevent inadver-
tent biopsy from vascular structures, a perfect 
knowledge of the anatomy is mandatory. The 
operator should never take biopsies inside the fi s-
sures of the lung (because large vessels are close 
to the surface in these zones), and special care is 
also required when sampling areas near the inter-
nal mammary artery and vein (anterior mediasti-
nal pleura). Although these structures can be 
easily identifi ed by expert thoracoscopists, the 
vessels may sometimes be covered by tumour or 
fi brin, and in this scenario inadvertently sampled, 

  Fig. 22.2    Recommended 
technique for insertion of the 
trocar at thoracoscopy: – 
Apply fi rm pressure over 
the trocar with a rotating 
motion – Always keep the 
trocar vertical (perpendicular 
to the chest wall) – Use your 
other hand as a “brake”, to 
prevent laceration of the 
underlying lung with the 
trocar (by a sudden loss of 
resistance when the trocar 
passes through the pleura)       
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with fatal consequences if emergency surgery is 
not immediately available. 

 In cases of excessive bleeding after biopsy 
(see Fig.  22.3 ), we would recommend compress-
ing with the forceps and the local application of 
tranexamic acid (antifi brinolytic agent) which, 
in our experience, can help to stop the haem-
orrhage, both in thoracoscopy and bronchos-
copy (Marquez-Martın et al.  2010 ). However, 
we would advise that electrocautery is always 
available.

22.2.2.3       Infection 
 Although routine prophylactic antibiotics are not 
necessary, they should be used in neutropenic 
patients. Deep antiseptic cleaning of the chest 
wall is mandatory, and very strict care of the 
drain and the chest wound is essential. The likeli-
hood of occurrence of empyema is higher in neu-
tropenic patients and in those with prolonged 
chest drains: we never leave the drain for more 
than 5 days after thoracoscopy; this includes 
cases where talc poudrage was performed.  

22.2.2.4     Neoplastic Invasion 
of the Thoracoscopy Tract 

  This complication  is frequently seen in mesothe-
lioma but can also be found in long-term surviv-
ing patients with pleural metastatic carcinoma. 
To prevent tract invasion by mesothelioma, the 

application of local radiation therapy to the scar 
10–14 days after thoracoscopy is recommended 
(21 Gy over 3 fractions).   

22.2.3     Complications Associated 
with Lung Re-expansion 

 A chest drain should be inserted in every case at 
the end of the procedure, and this is then con-
nected to a water-seal system; gentle step-by-step 
suction is applied, and the drain is kept in place 
until complete re-expansion of the lung has been 
achieved. 

22.2.3.1     Pulmonary Re-expansion 
Oedema 

 This can occur if suction is too strong, especially 
in patients with an associated trapped lung. In 
order to prevent this complication, careful and 
graded suction should be applied, especially when 
a pleurodesis procedure has been performed. We 
usually leave the drain connected to water-seal 
without suction for at least 3 h following the 
pleurodesis procedure and then gradually apply 
increasing suction. Pulmonary oedema can occur 
when expanding the lung in pneumothorax and 
malignant effusions, even without the application 
of a sclerosant agent. Although oedema usually 
appears on the ipsilateral hemithorax, it has been 

  Fig. 22.3    Recommendations in case of pleural bleed-
ing: – Compress with the (closed) biopsy forceps – 
Electrocautery can be very useful and should always 

be available – Local instillation of adrenaline is seldom 
needed – Local instillation of tranexamic acid can help to 
stop the bleeding (see text)       

 

F. Rodríguez-Panadero and B.R. Romero



215

reported on the contralateral side in rare cases 
(Chang et al.  2009 ; Heller and Grathwohl  2000 ). 
Mahfood and co-workers reported three cases 
where the oedema was contralateral, with fatal 
outcomes in two cases (Mahfood et al.  1988 ). 
The mechanism for this complication is not fully 
understood; however, a rapid re- expansion, espe-
cially if the lung was collapsed for several weeks, 
may play an important role, as pointed out by 
several authors (Nakamura et al.  1994 ) and sup-
ported by our experience. It also appears that a 
high production of IL-8 and other pro-infl amma-
tory cytokines has a role in the development of 
this complication (Sakao et al.  2001 ).  

22.2.3.2    Prolonged Air Leak 
 In our experience, this most frequently happens 
in neoplastic patients who have undergone prior 
chemotherapy. In those cases, necrotic tumour 
nodules can be seen on the surface of the lung, 
and it is postulated that some of these nodules 
could eventually rupture during lung re- 
expansion. If this occurs, suction must be stopped 
immediately, and the drain left only on water-seal 
(without suction) until the air leaking stops.  

22.2.3.3    Subcutaneous Emphysema 
  This complication  is frequently associated with 
prolonged air leak and may require specifi c surgi-
cal measures in some cases, especially if there is 
any compromise to the upper airways. It can also 
be observed in patients who have persistent 
uncontrolled coughing during thoracoscopy 
exploration. If this occurs, the trocar should be 
left open, so that high intrathoracic pressures are 
prevented. Manual compression over the area 
surrounding the port of entry and the trocar may 
prevent the subcutaneous spreading of air.   

22.2.4     Complications Associated 
to Pleurodesis 

22.2.4.1     Acute Respiratory Distress 
or Pneumonitis 

 This has been described in some cases of talc 
pleurodesis (   Rinaldo et al.  1983 ; Bouchama et al. 
 1984 ; Rehse et al.  1999 ). The precise pathophysi-
ological mechanism responsible for this severe 

complication is still unclear, but it appears that a 
high dose of talc might play a signifi cant role in 
some cases. There is some concern about the sys-
temic absorption of the sclerosing agents, and 
this is suspected for almost all of the soluble 
agents that are instilled into the pleural space and 
for talc with very small particles (<10 μm). Thus, 
the size of talc particles used for pleurodesis 
appears to be critical (Maskell et al.  2004 ). Talc is 
thought to persist in the pleura for a long time, 
thus accounting – at least in part – for its better 
pleurodesis results. However, there are some 
reports where talc particles have been deposited 
in distant organs after intrapleural application, 
both in animals (Campos et al.   1997 ; Werebe 
et al.  1999 ) and humans (Milanez de Campos 
et al.  1997 ). In a study on experimental talc slurry 
pleurodesis in rabbits, Kennedy and co-workers 
found prominent perivascular infi ltrates with 
mononuclear infl ammation in the underlying 
lung, and they speculated that some mediators 
might spread through the pulmonary circulation 
(Kennedy et al.  1995 ). It seems that the size of 
particles might play an important role in the pro-
cess (Ferrer et al.  2001 ; Navarro Jiménez et al. 
 2005 ), and two recent European multicenter stud-
ies carried out in patients with recurrent malig-
nant pleural effusions ( n  = 558) and recurrent 
primary spontaneous pneumothoraces ( n  = 418) 
investigating the safety of talc poudrage using 
large-size particle talc (with a median diameter of 
25.6 μm) found no cases of acute respiratory dis-
tress (Janssen et al.  2007 ; Bridevaux et al.  2011 ). 

 It is our belief that acute respiratory complica-
tions arise more frequently in patients who are 
sick at the time of thoracoscopy. Therefore, a 
careful evaluation of the performance status of 
those patients prior to thoracoscopy and planned 
pleurodesis is mandatory.  

22.2.4.2     Possible Activation 
of the Systemic Coagulation 
Cascade After Pleurodesis 

 Agrenius and co-workers reported an increase in 
the coagulation pathway and an associated inhi-
bition of fi brinolytic activity in the pleural space 
after instillation of quinacrine as a  sclerosing 
agent (Agrenius et al.  1989 ,  1991 ). We also dem-
onstrated similar effects after talc  pleurodesis in 
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our patients (Rodriguez-Panadero et al.  1995 ). 
We were subsequently concerned about the 
possible systemic implications of the pleural 
coagulation/fi brinolysis imbalance involved in 
the pleurodesis process itself. Prompted by this 
concern and our fi ndings of several cases of mas-
sive pulmonary embolism after talc pleurodesis, 
we performed a preliminary study on levels of 
simultaneous pleural/plasma markers for coagu-
lation and fi brinolysis and found that there is an 
activation of the systemic coagulation after talc 
poudrage (Rodriguez-Panadero et al.  1995 ). 
Moreover, this effect can be partially controlled 
with prophylactic heparin (   Rodriguez-Panadero 
and Antony  1997 ) (see Fig.  22.4 ). The relevance 
of this fi nding in clinical practice remains unclear, 
but some early deaths (less than 30 days) follow-
ing pleurodesis procedures (up to 43 % in the 
series of Seaton and co-workers) (Seaton et al. 
 1995 ) may be in part related to an undetected 
pulmonary embolism, and to advanced neoplastic 
disease, as it is commonly believed.

   To summarise this chapter, according to 
Boutin ( 1999 ), complications can best be pre-
vented by observing the following rules:
    1.    Postpone thoracoscopy for several days if the 

patient is coughing.   
   2.    Measure blood gases, and monitor car-

diac signs by simultaneous ECG during the 
procedure.   

   3.    Give supplementary oxygen to the patient 
during thoracoscopy.   

   4.    Avoid taking biopsy samples from the internal 
parts of the fi ssures or from the mediastinum.   

   5.    Coagulate and ensure haemostasis if haemor-
rhage exceeds 20 ml.   

   6.    Insert a chest tube (at least until the lung 
expands) to prevent subcutaneous emphysema.   

   7.    Start physiotherapy on the day of thoracos-
copy to exercise the diaphragm and to avoid 
accumulation of secretions and bronchial 
obstruction.   

   8.    To prevent invasion in cases of mesothelioma, 
administer radiation therapy of 7 Gy/day for 3 
days to the trocar site on postoperative day 10.    
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23.1            Proper Selection of Patients 
and Indications 

 Thoracoscopy is a safe procedure, provided that 
it is performed for an accepted indication in a 
well-selected patient. In this paragraph, we will 
discuss selection of patients and indications. 

23.1.1     Selection of Patients 

 The most common indication for diagnostic tho-
racoscopy is a patient with undiagnosed exuda-
tive pleural effusion. Because metastatic cancer 
is often suspected in these cases, the majority of 
patients are over 60 years. This in turn means that 
there is often associated comorbidity and a 
decreased performance status. Thoracoscopy, in 
general, should only be performed if the life 
expectancy is more than 3 months and the perfor-
mance status is adequate (Karnofsky index at 
least 70 %, ECOG scale at least 3). 

 It is not easy to assess the optimal timing for 
thoracoscopic intervention in a patient with 
 (suspected) malignant pleural effusion. The vol-
ume of an early detected effusion may be too 
small to cause dyspnea. In a palliative setting, 
most  physicians tend to postpone treatment until 

 symptoms are impairing the patient’s quality of 
life. Waiting too long without performing a tho-
racoscopic intervention in the setting of a malig-
nant pleural effusion may be detrimental to the 
patient, as in the later stages of malignant pleural 
effusion the success rate achieved by pleurodesis 
is inferior; this is often explained by the incom-
plete re- expansion of the lung after removal of 
pleural fl uid. Patients with a pleural effusion due 
to malignant disease benefi t from early pleurode-
sis, as has been demonstrated recently (Steger 
et al.  2007 ). In their study, the most favorable 
outcome after talc pleurodesis was seen in 
women whose lungs were fully expandable, in 
patients whose Karnofsky index exceeded 60 %, 
in patients whose body mass index was greater 
than 25 kg/m 2 , and in patients with benign 
disease. 

 An absolute contraindication to thoracoscopy 
exists in patients where no pleural space can be 
created. This occurs if no air enters the pleural 
cavity after penetration of the parietal pleura, and 
hence no pneumothorax can be created. In expe-
rienced hands, it is possible to perform a so- 
called extended thoracoscopy. In this case, the 
incision is enlarged to 3–4 cm, and the thoracos-
copist introduces    his/her fi nger into the intercos-
tal space and palpates the area beyond the parietal 
pleura. If the parietal and visceral pleura are 
attached by small adhesions, these can be manu-
ally broken by rotation of the fi nger (Janssen and 
Boutin  1992 ). In this scenario, a small pleural 
space can be created, which in most cases is suf-
fi cient to take a pleural biopsy. 
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 Other absolute contraindications for 
 thoracoscopy include respiratory insuffi ciency, 
bleeding disorders, and end-stage fi brosis. In 
the case of an end-stage lung fi brosis, the induc-
tion of a pneumothorax is dangerous, because 
re- expansion can be diffi cult, and there is a risk 
of persistent air leakage due to a bronchopleural 
fi stula and respiratory insuffi ciency. 

 Relative contraindications for thoracoscopy 
are poor general health status, fever, uncontrolled 
cough, unstable cardiovascular status, and hypox-
emia. If any of these contraindications exist/ 
persist, then the indication for thoracoscopy 
should be reevaluated, and the procedure should 
be postponed until the problem has been solved.  

23.1.2     Selection of Indications 

 Thoracoscopy can be performed for a wide selec-
tion of diagnostic and therapeutic procedures. In 
general, thoracoscopy is a safe procedure in 
experienced hands. The less-experienced thora-
coscopist should restrict their practice to cases 
with a minimal risk of complications. The best 
indication for thoracoscopy with limited risk (the 
best indication when you start a thoracoscopy 
service) is a large pleural effusion in an otherwise 
healthy patient. For diagnostic biopsy of pleural 
disease, CT-guided biopsy and ultrasound-guided 
biopsy are safe procedures with a high diagnostic 
yield (Rahman and Gleeson  2008 ). In debilitated 
patients, CT- or ultrasound-guided biopsy may 
serve as an alternative to thoracoscopy, especially 
in cases with a small pleural effusion, when no 
lung re-expansion or pleurodesis is necessary.   

23.2     Preparation of Staff 
and Equipment 

 The team should include a pulmonary physician 
qualifi ed to perform thoracoscopy, an assisting 
nurse (sterile), and one nurse to monitor the 
patient, the oxygenation, and the ventilatory 
and cardiac parameters. An extra nurse (non-
sterile) should also be available to provide addi-
tional support, for example, if equipment and/or 

 medication is required. However, this is not 
mandatory. 

 A well-equipped and up-to-date resuscitation 
trolley should be close to hand. This trolley 
should contain equipment for defi brillation and 
intubation.  

23.3     Preparation of the Patient 

 Before thoracoscopy, the patient should be well 
informed about the procedure. A patient with 
recent heart issues or a suspected unstable cardio-
vascular status should be seen by a cardiologist 
before the thoracoscopy is performed. Adult 
patients without hypoxemia, COPD, and cardio-
vascular problems can undergo a diagnostic 
 thoracoscopy under local anesthesia, without the 
attendance of an anesthesiologist.  

23.4     Safety Measures During 
Thoracoscopy 

 The trocar can be safely introduced in the inter-
costal space if a pneumothorax exists or has been 
introduced before the thoracoscopy procedure. If 
the pneumothorax is introduced on the operation 
table using blunt scissors to dissect the intercos-
tal tissues, a pneumothorax is created after open-
ing the parietal pleura. In this case, the hissing 
sound of air entering the pleural cavity is heard. 
If not, there may be adhesions between the pari-
etal and visceral pleura, and the lung cannot col-
lapse. In this case, the trocar should not be 
introduced blindly. An extended thoracoscopy 
(Janssen and Boutin  1992 ) may be performed to 
separate the parietal and the visceral pleura man-
ually. Alternatively, thoracic ultrasound may help 
to determine if the port of entry has been well 
chosen. In cases with a small pleural effusion, 
thoracic ultrasound may be performed before the 
thoracoscopy procedure, to determine the opti-
mal port of entry. 

 It is not recommended to use force when the 
trocar is introduced. When there are adhesions of 
the lung to the chest wall, the forced introduction 
of the trocar may lead to damage to the lung and 
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consequently persistent air leak and bleeding. 
Severe hemorrhage is rare, as the vessels in the 
periphery of the lung are mostly small. If the tho-
racoscopist is in doubt about the safe introduc-
tion of the trocar, it is sometimes useful to choose 
another port of entry, where more pleural fl uid is 
present.  

23.5     Prevention of Post- 
thoracoscopy Complications 

 Severe complications after thoracoscopy are rare. 
Procedure-related mortality is below 0.02 %. The 
most common complication is fever, which 
occurs in 2.6 % of patients, and may start a few 
hours after the procedure. The post-thoracoscopy 
fever is moderate, rarely over 39 °C, and in gen-
eral resolves within 1 day. 

 Empyema is rare and can be avoided by a 
careful maintenance of sterile conditions during 
the thoracoscopy. Some centers give routine anti-
biotics during chest tube drainage. 

 Subcutaneous emphysema can be prevented 
by optimal cough prevention and treatment 

before, during, and after the procedure; 
proper drain placement; and making small 
 incisions (as small as possible) to prevent leak-
age of false air. 

 Re-expansion edema is also very rare, espe-
cially after removal of pleural fl uid in elderly 
patients. In cases with a very large effusion, some 
centers advise the removal of the pleural fl uid in 
aliquots of a maximum of 2 l/24 h, to prevent re- 
expansion edema. However, this practice is sub-
ject to discussion. In our center, the pleural fl uid 
is removed in one session, even if the amount is 
larger than 2 l. In this case, however, no suction is 
performed on the chest tube for the fi rst 24 h.     

   References 

     Janssen JP, Boutin C (1992) Extended thoracoscopy: a 
biopsy method to be used in case of pleural adhesions. 
Eur Respir J 5:763–766  

    Rahman NM, Gleeson FV (2008) Image-guided pleural 
biopsy. Curr Opin Pulm Med 14:331–336  

    Steger V, Mika U, Toomes H et al (2007) Who gains 
most? A 10-year experience with 611 thoracoscopic 
talc pleurodeses. Ann Thorac Surg 83:1940–1945    

23 Practical Advice to Prevent Complications



   Part VI 

   Future in the Field of Thoracoscopy        



225P. Astoul et al. (eds.), Thoracoscopy for Pulmonologists, 
DOI 10.1007/978-3-642-38351-9_24, © Springer-Verlag Berlin Heidelberg 2014

        Progress in medical thoracoscopy, as discussed in 
the following chapters, will be centered on instru-
ment development, new diagnostic methods, and 
associated clinical research. 

 The miniaturization of instruments is an ongo-
ing process. After the initial pioneering applica-
tion of small instruments in laparoscopy, their 
use has become more commonplace in all areas 
of endoscopy. This represents a further evolution 

towards minimal invasiveness which is the cur-
rent vogue in medicine. 

 Following the extensive use of autofl uores-
cence in bronchoscopy, its use has been extended 
to the assessment of pleural pathologies. Although 
still in development, initial results are encourag-
ing. Autofl uorescence may improve the diagnos-
tic accuracy of thoracoscopy by facilitating the 
identifi cation of early neoplastic processes, and, 
in benign disease such as primary spontaneous 
pneumothorax, it may allow for visualization 
of abnormal areas at the visceral lung surface. 
Improvements in instruments include the devel-
opment of the fl exi-rigid thoracoscope which, 
through its compatibility with various existing 
video processors, allows the integration of equip-
ment for both thoracoscopy and bronchoscopy. 
This may make thoracoscopy available to a 
greater number of pulmonologists. 

 In real terms, however, the future of thoracos-
copy will be safeguarded by quality clinical 
research. This will promote increased knowledge 
which, in the long term, will improve patient care.   
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25.1            Introduction 

 The use of small-calibre instruments, termed 
minithoracoscopy, allows for a minimally inva-
sive procedure and is part of the overall evolu-
tion in medicine towards the reduction of trauma 
caused by diagnostic and therapeutic procedures. 

 Small-calibre instruments have been designed 
with this objective in mind and are now identifi ed 
as miniendoscopes if the diameter ranges from 2 
to 5 mm or microendoscopes if the diameter is 
2 mm or less (Tu and Advincula  2008 ). 

 These types of instruments have been used for 
a number of years for diagnostic and therapeutic 
purposes in specialized surgical and medical cen-
tres, principally in the fi eld of laparoscopy 
(Schneider et al.  2001 ). Indeed, as far back as 
10 years ago, it was stated that “In most cases 
undergoing laparoscopy for diagnostic purposes 
2 mm microlaparoscopy yields suffi cient infor-
mation to abandon the conventional 10 mm tech-
nique” (Haeusler et al.  1996 ). 

 Their use is now widespread in surgical 
 endoscopy such as in abdominal interventions 
(El-Dhuwaib et al.  2004 ; Lee et al.  2004 ; 
Mamazza et al.  2001 ), urological (Gill  2001 ), 
gynaecological (Bruhat and Goldchmit  1998 ), 
and endocrine surgery (Gagner and Inabnet  2001 ), 
and in the fi eld of paediatrics (Freud  2000 ). 

Small-calibre instruments are now routinely 
used for cholecystectomy and appendectomy 
but also in laparoscopic fundoplication, inguinal 
 herniorrhaphy, splenectomy, resection of thy-
roid nodules, parathyroidectomy, oophorectomy, 
 hysterectomy, division of adhesions, and 
foetoscopy. 

 Despite these published advances, the uptake 
of miniendoscopes has been less impressive in 
thoracic medicine as evidenced by the doubts 
expressed in the Chest editorial (Yim and Izzat 
 1998 ) “Is Less Better?”  

25.2     Thoracoscopy with Small- 
Calibre Instruments in 
Thoracic Pathology 

 The use of small-calibre endoscopic instruments 
in the treatment of thoracic diseases is still some-
what limited both in the surgical and medical set-
ting (Table  25.1 ) when compared to laparoscopy.

25.2.1       Experience 

 Small-calibre thoracoscopes were fi rst proposed 
more than 30 years ago (Ash and Manfredi 
 1974 ); however, due to the limited technol-
ogy of the instrumentation, there was minimal 
uptake of the procedure. The idea resurfaced 
again in the 1990s when some thoracic surgeons 
used  small-calibre instruments both for diagnos-
tic (d’Alessandro  1997 ; Malthaner and Inculet 
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 1998 ; Nakamoto et al.  1998 ) and therapeutic 
purposes (Nezu et al.  1997 ). There was confu-
sion regarding the precise terminology, since 
some called the technique “microthoracoscopy” 
(d’Alessandro  1997 ) and others called it “mini-
thoracoscopy” (Malthaner and Inculet  1998 ) 
or “mini thoracoscopy” or “mini-VAT” (video-
assisted thoracoscopy using a miniaturized endo-
scope) (Nakamoto et al.  1998 ). 

 Even in the subsequent decade, experience has 
remained limited and predominantly surgical 
(Yim et al.  2000 ; Yoon et al.  2000 ; Lazopoulos 
et al.  2002 ; Ikeda et al.  2003 ; Chen et al.  2003 ; 
Lin and Chou  2004    ; Sihoe et al.  2007 ; Kim et al. 
 2008 ), although there have been some medical 
applications (Tassi and Marchetti  2003 ; Janssen 
et al.  2003 ). The terminology has expanded to 
include “needle video-thoracoscopic surgery” 
(NVTS) (Chen et al.  2003 ) or “needlescopic 
VATS” (Sihoe et al.  2007 ). 

 Some therapeutic applications have now 
become standard practice, such as for palmar 
hyperhidrosis (Yim et al.  2000 ; Lin and Chou 
 2004 ; Sihoe et al.  2007 ) and pneumothorax (Yoon 
et al.  2000 ; Chen et al.  2003 ,  2006 ). 

 The current standard treatment for palmar 
hyperhidrosis is thoracoscopic sympathotomy or 
sympathectomy, making thoracotomy obsolete. 
In this type of intervention, the use of small- 
calibre instruments became commonplace. 

This is because the small surgical window did 
necessary the use of miniendoscopes with a nar-
row fi eld of vision. 

 In the treatment of pneumothorax, the use of 
small-calibre endoscopes has become more com-
mon, both in the examination of the pleural cav-
ity and video assistance for bullectomy (Yoon 
et al.  2000 ) but also for treatment in general. 
Chen stated (Chen et al.  2003 ) that “…needle-
scopic VATS can be a satisfactory alternative to 
conventional VATS in treating primary spontane-
ous pneumothorax…” given that the results and 
incidence of recurrence were comparable, and 
moreover needlescopic VATS gave better cos-
metic results and less residual chest pain. He also 
suggested the instillation of a pleurodesis 
agent such as minocycline to reduce recurrence 
(Chen et al.  2006 ). 

 Thoracoscopy with small-calibre endoscopes 
has also been used in various other applications 
such as video assistance in stapler lung biopsies 
for interstitial lung disease and lung nodules 
(Kim et al.  2008 ). It has also been applied for the 
management of traumatic pneumothorax, pericar-
dial windows, and minor intrapleural bleeding, 
all of which are historically treated with a large- 
calibre thoracoscope (Lazopoulos et al.  2002 ). 

 In the fi eld of medical thoracoscopy, the expe-
rience with small-calibre endoscopes is more 
limited. In 2003, we published our initial case 

   Table 25.1  
  Medical (M) 
and surgical (S) 
thoracoscopy with 
small endoscopes 
(micro/needle 
thoracoscopes 
[micro] and 
minithoracoscopes 
[mini])   

 Author  Year  Patients  Endoscope  Indication 

 Ash (M)  1974  11  Micro  Pleural effusion diagnosis 

 d’Alessandro (S)  1997  2  Micro  Pleural disease diagnosis 
 Nezu (S)  1997  34  Micro  Video assistance in pneumothorax surgery 
 Malthaner (S)  1998  3  Mini  Pleural effusion diagnosis 
 Nakamoto (S)  1998  31  Micro/mini  Video assistance in preoperative diagnosis 
 Yim (S)  2000  38  Micro  Sympathectomy for palmar hyperhidrosis 
 Yoon (S)  2000  130  Mini  Video assistance in pneumothorax surgery 
 Lazopoulos (S)  2002  54  Micro  Pleural and lung disease diagnosis 
 Lin (S)  2002  102  Micro  Sympathectomy for palmar hyperhidrosis 
 Ikeda (S)  2003  35  Mini  Video assistance in partial lung resection 
 Chen (S)  2003  28  Mini  Video assistance in pneumothorax surgery 
 Tassi (M)  2003  30  Mini  Pleural effusion diagnosis 
 Janssen (M)  2003  9  Micro/mini  Pleural effusion diagnosis 
 Chen (S)  2006  142  Mini  Video assistance in pneumothorax surgery 
 Sihoe (S)  2007  31  Mini  Sympathectomy for palmar hyperhidrosis 
 Kim (S)  2008  65  Micro  Video assistance for lung biopsies 
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study (Tassi and Marchetti  2003 ) using a 3 mm 
thoracoscope for diagnostic thoracoscopy in 
pleural effusions. This technique allowed for 
pleural biopsies and a diagnostic yield of 93.4 %, 
which was similar to that of standard thoracos-
copy. Janssen (Janssen et al.  2003 ) compared the 
results obtained from a 7 mm thoracoscope with 
those from two types of small-calibre endoscopes 
(3.5 and 2 mm). The diagnostic yield from the 7 
and 3.5 mm instruments was 100 %, whereas the 
yield from the 2 mm endoscope was 40 %.  

25.2.2     Instruments 

 As noted above, small-calibre endoscopes are 
defi ned as  miniendoscopes  if their diameter is 
2–5 mm (Fig.  25.1 ) and  microendoscopes  or 
 needlescopes  if the diameter is 2 mm or less (Tu 
and Advincula  2008 ).

   Essential requirements to carry out an adequate 
thoracoscopy include acceptable illumination of 
the cavity to be examined and suffi ciently high 
defi nition images. These aspects are directly linked 

to the size of the instrument, and if inadequate, then 
examination and identifi cation become diffi cult. 

 With  minithoracoscopes , as with larger- 
calibre traditional thoracoscopes, light is trans-
mitted by means of the classical Hopkins rod-lens 
system which gives good visibility and suffi cient 
depth of light penetration. Although the quality is 
slightly inferior to that obtained by standard tho-
racoscopy, it is suffi cient for the examination of 
the pleural cavity and for performing adequate 
biopsies especially when taken with forceps of 
~3 mm (Fig.  25.2 ).

   With  microendoscopes  and  needlescopes,  
light is generally transmitted through fi bre-optic 
bundles, though recent developments have seen 
needlescopes produced which use the Hopkins 
system (Figs.  25.3  and  25.4 ).

    Although the visibility is adequate, the defi ni-
tion is not always optimal. Due to the small cali-
bre, the temperature of the instrument can change 
quickly with each introduction and extraction, 
thus subjecting the optic to frequent misting. In 
addition, since the optic and accessory instru-
ments are fl exible, they can at times oscillate and 

  Fig. 25.1    From top to 
bottom, 10, 5, and 3 mm 0° 
telescopes       

  Fig. 25.2    Seven millimeter 
( above ) and 3 mm ( below ) 
forceps with the same 7 mm 
opening       
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make it more diffi cult to control a manoeuvre 
which requires precision. 

 Biopsies taken with forceps of ~2 mm are 
often inadequate because of their small size. 

 A large variety of accessory instruments is 
now available both for minithoracoscopy and for 
micro/needlethoracoscopy: forceps, scissors, 
blunt probe, biopsy punch, grasps, aspiration/irri-
gation cannulae, etc. All these instruments, 
together with small endoscopes, are very fragile 
and should be handled with great care. It should 
be stressed that their use requires both ability and 
experience in standard thoracoscopy. The techno-
logical advances which have enabled the creation 
of these instruments could further improve their 
diagnostic sensitivity and, in turn, extend their 
application.   

25.3     Minithoracoscopy 

 Minithoracoscopy is currently defi ned as endos-
copy using small instruments with a diameter 
from 2 mm up to 5 mm. It is more appropriate in 
medical thoracoscopy, since it permits good 

 visualization of the pleural cavity and if required, 
biopsy. 

 In our opinion, minithoracoscopy was never 
considered to be a substitute for traditional medi-
cal thoracoscopy, which, over the years, has dem-
onstrated effi cacy and reliability and, in addition, 
has dedicated optics, forceps, and accessory 
instruments. It was considered to be a comple-
mentary diagnostic approach, which is minimally 
invasive, safe, and cost-effective and, in certain 
cases, may be seen as a substitute for the tradi-
tional intervention. 

25.3.1     Instruments and Technique 

 The instruments comprise two metal 3.8 mm 
 trocars with a pointed stylet, a 3.3 mm optic 
which is 25 cm in length (Karl Storz Endoskope, 
Tuttlingen, Germany), and a 3 mm rotating 
biopsy forceps (available in different shapes). In 
addition, 3 mm scissors, needles, and small rigid 
catheters for aspiration are available. All instru-
ments are multi-use and autoclavable (121 °C per 
15 min). 

  Fig. 25.3    Typical instruments 
used in needlescopic 
thoracoscopy: 2 mm forceps 
( above ) and 2 mm needle 
thoracoscope ( below )       

  Fig. 25.4    Two millimeter 
thoracoscope introduced into 
the pleural cavity through a 
Boutin thoracocentesis needle       

 

 

G. Tassi and G.P. Marchetti



231

 Important differences between minithoracoscopy 
and standard thoracoscopy are summarized in 
Table  25.2 .

   The exam is carried out under local anaesthe-
sia or deep sedation, as in medical thoracoscopy, 
with administration of small doses of midazolam 
(2 mg immediately before the exam with subse-
quent administration up to a maximum of 10 mg). 
Alternatively, propofol can be given in continu-
ous infusion or via bolus injections of 20–30 mg 
if necessary. 

 The patient is placed in the lateral decubitus 
position, healthy side down, and after a small 

incision in the skin with a scalpel, the trocar is 
introduced into the pleural cavity where fl uid 
accumulation, as defi ned by pleural ultrasound, is 
maximal. 

 After aspirating the liquid and allowing the 
free entry of air into the pleural cavity, examina-
tion of the space can proceed. Biopsies are per-
formed through a second port of entry, normally 
positioned in the adjacent intercostal space 
(Fig.  25.5 ). They are carried out under direct 
visual control on endoscopically signifi cant 
lesions (i.e. nodules with a neoplastic aspect, 
localized thickening, diaphragmatic and visceral 
alterations) or, in the setting of normal appearing 
pleura, at different locations on the parietal 
pleura.

   It is also possible to use coagulating forceps to 
perform biopsies of the visceral pleura or lung. 
Other instruments can also be introduced through 
the second trocar. These include catheters for 
fl uid aspiration or instillation of saline or throm-
bolytic agents. In addition, the second trocar will 
allow the use of electroscalpels to resect diffi cult 
adhesions or needles to aspirate pathological 
material. 

 At the end of the examination, a small drain 
(8 F) is placed and removed some hours later, 
once x-ray has demonstrated the complete re- 
expansion of the lung.  

   Table 25.2    Comparison of thoracoscopy instruments   

 Instruments 
 Standard 
thoracoscopy  Minithoracoscopy 

 Trocar Ø  8 mm  3.8 mm 

 Optic Ø  7 mm  3.3 mm 
 Optics  0°–25°–50°–90°  0°–30°–45° 
 Optics length  300 mm  250 mm 
 Forceps 
opening/Ø 

 7/5 mm  7/3.3 mm 

 Electrical 
coagulation 

 Yes  Yes 

 Multi-usable  Yes  Yes 
 Accessory 
instruments 

 Forceps, aspirator, 
scissors 

 Forceps, aspirator, 
scissors 

 Autoclavable  Yes  Yes 

  Fig. 25.5    Forceps ( below ) 
and optic ( above ) during 
minithoracoscopy       
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25.3.2     Indications and Results 

 The main indications for minithoracoscopy are:
•    Endoscopy of a small loculated effusion  
•   Evaluation for drainage of a loculated 

empyema  
•   Complete endoscopic examination of the 

pleural cavity  
•   Pre-standard thoracoscopic evaluation in com-

plex cases    
 Absolute contraindications to the procedure 

are identical to those defi ned for standard thora-
coscopy (Boutin and Astoul  1998 ; Colt  1998 ), 
particularly cardiac and respiratory insuffi ciency 
and coagulation disorders. 

 In our practice, we initially performed mini-
thoracoscopy for loculated effusions and 
advanced over time to more extensive effusions 
on which standard thoracoscopy could also be 
performed. The technique is particularly helpful 
in the elderly, patients of small stature or narrow 
intercostal spaces. In these situations, as has been 
noted by others (Janssen et al.  2003 ), the use of 
small-calibre endoscopes is especially helpful. 
On the other hand, massive effusions should be 
avoided, especially those cases which require 
pleurodesis, as this necessitates a large-calibre 
drain post-procedure. 

 Another interesting application of 
 minithoracoscopy is to evaluate the accessibility 
of the pleural cavity in cases where adhesions are 
suspected, and once their presence is excluded, 
standard thoracoscopy can safely be carried out. 

 No substantial difference in the quality of 
vision has been found between minithoracoscopy 
and the standard technique (Figs.  25.6  and  25.7 ).

    Performing biopsies was found to be simple 
and effi cacious in almost all cases. (The span of 
the forceps is 7 mm, which is the same as the 
standard forceps, although they are not as wide 
and thus can only obtain a smaller quantity of tis-
sue; average histological sample = 0.5 × 1 cm.) 
The pleural biopsy yield (91 %) is comparable to 
the standard technique. However, the removal of 
adhesions is more diffi cult than with a larger- 
calibre instrument. 

 The time taken for the exam is, on average, 
20 % longer, and it is necessary to convert to the 
standard procedure in only a few cases. Pain 
experienced by patients under local anaesthesia 
is minor – both during and after the exam – and 
the exam is overall well tolerated. In some cases, 
pulmonary biopsies are performed with 40 W 
coagulating forceps. The majority of biopsies 
produce suffi cient material for diagnosis, but 
others samples are adversely affected by 

  Fig. 25.6    Nodule on the diaphragm observed using minithoracoscopy ( left ) and standard thoracoscopy ( right )       
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 coagulation of the tissue. In cases with fi brinous 
infectious pleurisy, the removal of fi brin is satis-
factory, and it is possible to perform a pleural 
biopsy.  

25.3.3     Overall Evaluation 
of the Method 

 The overall evaluation of minithoracoscopy 
should take into account the advantages and limi-
tations of the method (Table  25.3 ).

   The main advantage of minithoracoscopy over 
the standard approach is the better tolerance of 
the patient to an instrument of 3.3 mm diameter 
compared to one of 7 mm. Sutures are not neces-
sary and the cosmetic result is excellent. The 
examination is easier to perform in patients with 
a small hemithorax or restricted intercostal space, 
and the trocars can be moved more comfortably 
with less pain. It is also possible to examine small 
loculated effusions which are less accessible to 
the standard technique. The slight reduction in 
the fi eld of vision can be resolved by alternating 
the introduction of the optic in the second trocar, 
thereby increasing the fi eld of view. 

 The small biopsy size does not really create a 
limitation; it is possible to obtain adequate tissue 
even with a 3 mm forceps, facilitated by the 
 rotating tip of the forceps. However, some limita-
tions were encountered, in particular in cases of 
mesothelioma where neoplastic tissue may be 
hard and smooth. The presence of nodules and 
granulations does not create diffi culties. 

 The results from cases of tuberculous pleuritis 
are extremely good, to the point where we would 
propose that minithoracoscopy should be the 
investigation of choice if this pathology is 

  Fig. 25.7    Purulent material in the pleural cavity observed using minithoracoscopy ( left ) and standard thoracoscopy 
( right )       

   Table 25.3    Advantages and limitations of 
minithoracoscopy   

 Advantages  Limitations 

 Good visibility  Small size of biopsies 

 Reliable instruments  Fragile instruments 
 Easy manoeuvrability  No drains >8 F 
 Less pain during and after 
the examination 

 Necessity of experience 
in standard thoracoscopy 

 Less local anaesthesia 
required 

 Conversion required in 
some cases 

 No stitches required  Possible inadequacy 
of lung biopsy 

 Better cosmetic results  20 % more time required 
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 suspected. Closed pleural needle biopsy has 
 signifi cant diagnostic limitations. There is an 
increasing frequency of pleural tuberculosis 
where healthy tissue is interspersed with signifi -
cant lesions; hence, biopsy under visual control is 
preferable. 

 The manoeuvrability of the optic inside the 
pleural cavity is excellent. Normally a single 
operator using both hands is able to coordinate 
instrument movement to orientate their view 
towards the area of interest. In some cases, the 
presence of two operators is advisable; both will 
need to have experience in standard thoracos-
copy. The optic is fragile, and care should be 
taken to avoid breaking it. 

 It is important to highlight the role of pleural 
ultrasound in thoracic pathology. Its great advan-
tage, apart from the safety profi le, is that it is the 
only method which provides an examination in 
“real time”, i.e. it enables the study of a pleural 
effusion during the respiratory cycle and in dif-
ferent anatomical positions. A great deal of infor-
mation can be gathered from ultrasound which 
will assist the minithoracoscopic approach. In 
our experience, a carefully performed ultrasound 
scan with the patient on the endoscopic bed in the 
thoracoscopy position has enabled the procedure 
to be performed successfully even in the presence 
of adhesions and small effusions. The combina-
tion of ultrasound and minithoracoscopy has 
reduced the number of “unfeasible” exams to 
1 %, whereas previously it had been 5 %. The tro-
car can be introduced even in cases with a com-
plete absence of effusion but with the presence of 
the “gliding sign” – the movement of the parietal 
and visceral lines during respiratory movements. 

 The development of minioptics has resulted in 
improved versatility. It is possible to introduce 
both a 3 mm optic and 3 mm forceps through a 
7 mm trocar or, alternatively, the optic and an 
aspiration catheter. This enables pulmonary 
biopsy without the need for a second port of entry 
using coagulating forceps on the lung under 
visual control. With such a range of instruments 
and some experience, it is possible to have two 
instruments working inside the pleural cavity: 
one through a 7 mm trocar and another through a 
second 3 mm port. There is a clear advantage to 

positioning a drain under visual control and 
 aspirating the smallest liquid collections from 
diffi cult to reach recesses. On occasion, the mini-
optic can be introduced through the chest drain to 
check its position or function. There are a high 
number of conversions from mini- to standard 
thoracoscopy; this is currently running at 18 % in 
our service. However, we do not believe that this 
represents a limitation of the procedure. In most 
cases, we had planned to convert to standard tho-
racoscopy after the initial inspection. In addition, 
the procedure was converted to standard thora-
coscopy if it was apparent that careful lavage or 
pleurodesis was required and a large-bore drain 
would be needed. 

 Minithoracoscopy can be considered comple-
mentary to the standard method, and in some 
cases, it may substitute for it completely. In our 
opinion, its most important indications are in the 
setting of small pleural effusions and cases of 
suspected tuberculous pleuritis where it has dem-
onstrated to be reliable and a high diagnostic 
yield and should replace the now redundant pleu-
ral needle biopsy.      
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26.1            Introduction 

 Based on research published by Boutin (Boutin 
et al.  1981 ), medical thoracoscopy established 
a defi nitive diagnosis in 97 % of 1,000 consecu-
tive patients presenting with a pleural effusion. 
Most series in the last 25 years (Loddenkemper 
and Boutin  1993 ; Colt  1999 ; Blanc et al.  2002 ; 
Maskell and Butland  2003 ; Lee and Light 
 2004 ) have reported the diagnostic sensitiv-
ity of thoracoscopy in the setting of malignant 
pleural effusions to be greater than 90 % with 
an associated specifi city of 100 %. In addition, 
studies on the role of thoracoscopy for stag-
ing lung carcinoma or malignant mesothelioma 
have yielded encouraging results (Harris et al. 
 1995 ). 

 The endoscopic appearance of the pleu-
ral lesions observed at medical thoracoscopy 
is suggestive of malignancy in 86 % of cases 
(Boutin et al.  1991 ). Features suggestive of 
malignancy include nodules, polypoid lesions, 
masses, malignant thickening of the pleura 
or localised “candle wax drops”. However, 
some tumours may  resemble features asso-
ciated with non-specifi c infl ammation, and 
conversely,  certain infl ammatory lesions can 
mimic tumours. Even mesothelioma, which 

usually has a  characteristic grapelike nodular 
appearance, can appear on gross inspection as 
infl ammation. In some patients, the  studying 
of the pleural surfaces with tumour can be 
subtle (Heffner and Klein  2008 ), and it should 
be noted that white-light inspection of the 
pleura may fail to detect pleural metastases. 
Finally coexisting benign lesions may misdi-
rect biopsy sampling towards non-malignant 
lesions (Heffner  2008 ). Therefore, despite tho-
racoscopy    some cases still remain undiagnosed 
and understaged or patients might experience 
biopsy-related complications. 

 Fluorescence techniques have been proposed 
to improve the diagnostic accuracy of thora-
coscopy. The effectiveness of this technology 
has been proven: both for accurate detection of 
early malignant or invasive lesions and direct-
ing appropriate sampling during bronchoscopy. 
In addition, fl uorescence thoracoscopy may be 
helpful for delineating tumour margins and pre-
cise staging of intrathoracic abnormalities. In 
benign pleural diseases, fl uorescence thoracos-
copy has an important role to play in the man-
agement of patients with primary spontaneous 
pneumothorax. 

 Furthermore, evolving clinical research has 
provided signifi cant data on the implementation 
of newer modalities for the improved detection 
of peripheral lung cancer. Various technolo-
gies have been utilised including microcath-
eter fl uorescence thoracoscopy, virally detected 
fl uorescent imaging for endoscopic staging and 
viruses carrying fl uorescent protein transgene 
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for the intraoperative localisation of lymph 
node metastases in patients with mesothelioma 
and other thoracic malignancies.  

26.2     Fluorescence Techniques in 
Respiratory Endoscopy 

 Fluorescence endoscopy is based on the physical 
phenomenon of light remission of certain wave-
lengths from an object, when light of a shorter 
wavelength is directed to it. This was fi rst 
reported by Stokes in 1852 and the possible 
effects on body tissue were described in the early 
1900s (Stübel  1911 ). Later fi ndings, in 1933 
(Sutro and Burman  1933    ) and in 1944 (Herley 
 1944 ), documented that the fl uorescence reaction 
of a tumour to ultraviolet light had distinct char-
acteristics compared to healthy tissue. 

 Fluorescence illumination techniques have 
been primarily developed for urology. Flat neo-
plastic lesions such as dysplasia, carcinoma in 
situ or small papillary tumours of the bladder may 
be diffi cult to diagnose because they can grow 
in normal or in areas with non-specifi c infl am-
mation. A signifi cantly higher detection rate is 
achieved with fl uorescence endoscopy compared 
to conventional white light. Therefore, fl uores-
cence has subsequently become a diagnostic tool 
in gastroenterology, otolaryngology and gynae-
cology, where it is used to diagnose premalignant 
and malignant tumours, particularly fl at mucosal 
lesions. Neurosurgeons also use fl uorescence for 
the intraoperative detection of malignant gliomas, 
while in the fi eld of dermatology, great efforts have 
been made to diagnose and demarcate lesions, for 
example, basal cell carcinoma (Gahlen et al.  2000 ). 

 Substances responsible for fl uorescence are 
called fl uorophores and include tryptophan, col-
lagen and elastin (Barenboim  1969 ), porphyrin 
and intracellular nicotinamide adenine nucleo-
tide – NADH, ribofl avin and fl avin coenzymes 
(Andersson-Engels et al.  1997 ; Aubin  1979    ). In 
contrast, the fl uorescence intensity is decreased 
by lactic acid (Andersson-Engels et al.  1992    ), 
which is actively produced by the tumour cells 
due to its increased absorption of glucose, known 
as the Warburg effect (Adachi et al.  1999 ). 

 Fluorescence diagnosis can be classifi ed into 
two groups: 

26.2.1     Photodynamic Diagnosis (PDD) 

  Photodynamic diagnosis (PDD)  using exog-
enous fl uorophores or fl uorophore precursors, 
such as haematoporphyrin derivatives [HpD], 
provides a tumour-localising property due to 
the preferential retention of the fl uorophore by 
malignant tissue (Lipson et al.  1961 ; Profi o and 
Doiron  1977    ; Hayata et al.  1982 ; Kato et al. 
 1990 ). Photodynamic methods using HpD have 
been rather unsuccessful as a result of poor sen-
sitivity and reported complications, mainly cuta-
neous photosensitivity. Later studies proposed 
the replacement of HpD by 5-aminolaevulinic 
acid [ALA] (Kennedy and Pottier  1992    ) and 
aminolaevulinic esters (Kloek et al.  1998 ) with 
better results (Pichler et al.  1998 ). The appli-
cation of δ-ALA was reported to have a high 
sensitivity for detection of dysplasia and car-
cinoma in situ (Kriegmair et al.  1994 ), but the 
specifi city remained low due to the non-specifi c 
uptake of the fl uorophore in normal and infl amed 
mucosa, even when administered by inhalation 
(Baumgartner et al.  1996 ). 

 ALA, the natural precursor of the haem path-
way, administered either systemically or locally, 
overloads the last step in haem biosynthesis of 
tumour cells via failed negative feedback mecha-
nisms and reduced enzymatic activities. The fi nal 
result is the increased accumulation of protopor-
phyrin IX (Pp-IX), a metabolite of ALA. ALA- 
induced Pp-IX photosensitisation has several 
advantages: ( a ) ALA, Pp-IX and other intermedi-
ates are rapidly eliminated from humans, thus 
minimising the risk of skin phototoxicity; ( b ) 
ALA can be applied locally and major side effects 
can be expected to be less compared to systemic 
administration; and ( c ) the fl uorescence ratio 
between the tumour and surrounding healthy tis-
sue is superior to that of other photosensitisers 
(Prosst et al.  2002 ).  

26.2.2     Autofl uorescence 
Diagnosis (AFD) 

  Autofl uorescence diagnosis     ( AFD ) using methods 
which refl ect the variations in the biochemistry of 
the tissue detects the endogenous fl uorophores of 
tissues and includes the emission signal from the 
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tissue itself. The wavelength and intensity of the 
emitted light depend on the concentration of the 
fl uorophores, on their maximal absorption and 
remission and on the characteristics of the light 
source. A reduction in the level of autofl uores-
cence light within malignant and premalignant 
areas is a result of epithelial thickening, redox 
changes in the tumour cells matrix and reduced 
fl uorophore concentration. The implementation 
of AFD methods in respiratory endoscopy was 
supported by evidence of a strong correlation 
between abnormal fl uorescence and the histologi-
cal fi ndings of angiogenic dysplasia (Keith et al. 
 2000 ). The increase in the microvasculature in 
dysplastic lesions may cause a decrease in auto-
fl uorescence, because haemoglobin absorbs the 
excitation light. Malignant areas may be distin-
guished from normal tissue by a noticeable reduc-
tion in autofl uorescence even when there is a 
complete absence of porphyrins that selectively 
concentrate in tumours (Staël et al.  1996 ; Lam 
et al.  1990 ). 

 Autofl uorescence systems, incorporating the 
most recent advances in optical technology to pro-
vide accurate imaging, have been widely intro-
duced into clinical practice for the early detection 
of lung cancer during bronchoscopy (Nakhosteen 
and Khavankar  2000    ; Sutedja et al.  2001 ; Moro-
Sibilot et al.  2002 ; Häussinger et al.  2005 ).   

26.3     Fluorescence and 
Autofl uorescence 
Thoracoscopy in Exudative 
Pleural Effusions 

26.3.1     Thoracoscopic Fluorescence 
Diagnosis (TFD) of Pleural 
Malignancies 

 The diagnosis of pleural malignancies using 
 fl uorescence was fi rst attempted in an experimen-
tal animal setting in the Department of Surgery 
of Ruprecht-Karls University of Heidelberg, 
Germany (Prosst et al.  2002 ). The goal was to 
achieve optimum diagnostic results, approximat-
ing 100 % sensitivity, by precise assessment of 
disseminated intrathoracic tumour spread at the 
time of video-assisted thoracic surgery (VATS). 
Thoracoscopy was combined with photodynamic 

diagnosis (PDD) as it was known that there was 
almost specifi c accumulation of administered 
photosensitisers in malignant cells. Human lung 
adenocarcinoma cells were initially cultivated in 
nude mice and then inoculated in 38 female nude 
rats, resulting in disseminated carcinosis in the 
whole pleural cavity. After 5–7 weeks of tumour 
growth, a pleural lavage was performed either 
with 1.5 or 3.0 % 5-aminolaevulinic acid (ALA) 
solution. Unlike earlier generations of photosen-
sitisers such as Photofrin which were already 
fl uorescent at the time of application, ALA 
requires endogenous metabolism to protoporphy-
rin IX (Pp-IX) before it can fl uoresce. Pp-IX 
becomes a fl uorescent agent when stimulated by 
light of a defi ned wavelength within its absorp-
tion spectrum. The emission wavelength is within 
the visible light spectrum at 635 nm (red light). 
The positive red fl uorescence of Pp-IX is even 
detectable in macroscopically invisible tumour 
foci and can indicate lesions which would be 
missed when illuminated with conventional white 
light only (Gahlen et al.  2000 ). 

 The researchers had chosen photosensitisation 
intervals of 2, 4 and 6 h post ALA application. 
Conventional white-light VATS followed by TFD 
was performed using the D-Light ®  system (Karl 
Storz, Germany) so that the two possible illumi-
nation modes – conventional white-light mode 
and a specifi c blue-light (380–440 nm) mode for 
Pp-IX fl uorescence excitation – could be easily 
switched at any time using a footswitch or 
directly by a button on the modifi ed CCD camera 
(Tricam) head. The fl uorescence intensities of 
tumours and surrounding healthy tissue in the 
pleural cavity were measured by spectrometry, 
and all tumours identifi ed either by conventional 
white light or by fl uorescence were subsequently 
removed for histological examination. 

 In all animal groups except one (with a 2-h 
photosensitisation period with 1.5 % ALA inter-
val), TFD enabled the detection of tumour foci 
which would have been missed if examined by 
conventional VATS alone. Lesions, indicative of 
the diagnostic value of TFD and associated with 
an increase in sensitivity, were mainly observed 
after 6 h of photosensitisation using 3.0 % ALA 
solution. Photosensitisation for an interval of 4 h 
gave slightly poorer results, while the 2-h photo-
sensitisation interval further decreased sensitivity. 
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Only three of the macroscopically visible neo-
plasms showed no fl uorescence under blue light, 
leading to false negative results. On the other 
hand, four macroscopically visible lesions, which 
showed no fl uorescence, were histologically 
benign, leading to true negative results. 

 The spectrometry studies yielded an increas-
ing absolute fl uorescence intensity and tumour/
normal tissue ratio with longer photosensitisation 
time in malignancies of the parietal pleura. The 
best fl uorescence contrast obtained between neo-
plasms and surrounding tumour-free tissue – pro-
viding 11 times higher fl uorescence intensity in 
tumour – was achieved after 6 h of photosensiti-
sation with both ALA concentrations. 

 In conclusion, thoracoscopic fl uorescence 
diagnosis detects an additional 30 % of pleural 
malignant lesions compared with conventional 
white-light VATS alone. It is a feasible technique 
for improving the preoperative diagnosis and 
staging in patients with intrathoracic malignan-
cies (Prosst et al.  2002 ).  

26.3.2     Autofl uorescence 
Videothoracoscopy in 
Exudative Pleural Effusions 

26.3.2.1     The Preliminary Results 
  The preliminary results  from the implementation 
of autofl uorescence videothoracoscopy (AFVT) 
in 24 patients, who had presented with an exuda-
tive pleural effusion and/or abnormal pleural 
fi ndings on CT scans, were fi rst published in 
2005 (Chrysanthidis and Janssen  2005 ). With the 
exception of the imaging device, the AFVT sys-
tem utilised the same medical thoracoscopy 
equipment as white-light thoracoscopy (WLT). 
AFVTs were performed under local anaesthesia 
[spontaneous breathing patients, premedication 
with 0.25–0.5 mg atropine and 10 mg morphine] 
in the endoscopy suite of the Pulmonary 
Department in Canisius Wilhelmina Ziekenhuis 
– CWZ Hospital in Nijmegen, the Netherlands. 
Firstly all pleural fl uid was removed. The entire 
pleural cavity was thoroughly evaluated using 
conventional WLT and subsequent mapping of 
areas of abnormal pleura. The pleural space was 

then reinspected with AFVT, and the change in 
colour of the areas of abnormal pleura was 
assessed. Furthermore, the pleural cavity was 
inspected with AFVT for areas of abnormal 
pleura which were not observed during WLT 
inspection. Finally biopsies of areas of abnormal 
pleura were taken for histological analysis. 

 The device used in this study, performed under 
 Dr Julius Janssen ’s supervision, was the 
Diagnostic Auto-Fluorescence Endoscopy 
(DAFE ® ) system, developed by Richard Wolf 
Corporation (Knittligen, Germany). The autofl u-
orescence excitation in DAFE ®  is achieved by 
means of a 300 W xenon lamp in the violet-blue 
range (390–460 nm), while the photodetection 
system relies on one charge-coupled device 
(CCD) camera and a dual detection range (a 
green region of 500–590 nm wavelength and a 
red region of 600–700 nm wavelength), as at 
least two spectral domains are necessary for effi -
cient contrast enhancement. During further 
development and associated technical evolution 
of the DAFE ®  system, it was discovered that the 
excitation wavelength yielding the highest sensi-
tivity and specifi city was above 400 nm with a 
peak value near 405 nm. 

 Normal areas in the pleural surface appeared 
white or white-pink in both WLT and AFVT 
(Fig.  26.1 ). Areas with fat on the pleural layer 
appeared yellow under the conventional mode 
but orange under the autofl uorescence mode. In 
all cases with histologically proven malignant 
pleural disease – including nine patients with 
metastatic pleural carcinomas and seven cases 
with mesotheliomas – the colour of the affected 
area of the pleura changed from white-pink to red 
under AFVT (Figs.  26.2 ,  26.3 , and  26.4 ). 
Therefore, the sensitivity of AFVT for detecting 
malignant lesions on the pleural surface was 
100 %. On the other hand, the specifi city of 
AFVT was found to be 75 %, as in two out of 
eight cases with chronic pleuritis, a colour change 
from white-pink to orange-red was found. In 
addition, in the remaining six patients there was 
no difference in pleural surface colour between 
WLT and AFVT. The researchers proposed that 
the positive predictive value (PPV) was a more 
realistic parameter for the evaluation of AFVT as 
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a diagnostic method. PPV, defi ned as the proba-
bility that a positive result under AFVT repre-
sents an existing lesion, was calculated as the 
ratio of true positive results over the overall (true 
and false) positive results under AFVT and in this 
study was calculated to be 92 %.

      The study of Chrysanthidis and Janssen had 
two important limitations: ( a ) patients    had 
extended pleural disease at the time of medical 
thoracoscopy was done and therefore it was easy 
to diagnose malignancy with WLT-guided biop-

sies alone. However, the fi ndings using blue-
light mode were more obvious, and the same 
malignant lesions were more precisely mapped 
during AFVT; ( b ) biopsies were obtained from a 
rather restricted number of sites on the pleural 
space, and it was practically impossible to have 
specimens from the entire pleural surface with 
the goal of obtaining a reliable value of false 
negatives to precisely estimate the sensitivity of 
the method (e.g. the ability to fi nd a lesion if 
there was one).  

a

c d

b

  Fig. 26.1    Normal parietal ( a ,  b ) and visceral ( c ,  d ) pleura as shown by white-light thoracoscopy (WLT) and autofl uo-
rescence thoracoscopy (AT), respectively       
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26.3.2.2     The Initial Experience 
  The initial experience  of performing AFVT, 
using the same DAFE ®  fl uorescence endoscopy 
system, was also recently published (Belák et al. 
 2007 ). According to the researchers, the tissue 
autofl uorescence response originates mostly 

from the subepithelial tissue, and local hypertro-
phy “obstructs” the penetration of the blue-violet 
light into the tissue. As a response to the 
decreased intensity of the excitation light, the 
intensity of the autofl uorescence emission is also 
decreased. 

a b

  Fig. 26.2    Breast cancer metastasis to the parietal pleura 
as shown by ( a ) white-light thoracoscopy (WLT) and ( b ) 
autofl uorescence thoracoscopy (AFT). During WLT the 
colour of the malignant tissue is light pink. During AFT 

the malignant tissue is deep red, whereas the normal tissue 
has turned white. The line between the normal and malig-
nant tissue is well demarcated (From Chrysanthidis and 
Janssen ( 2005 ))       

a b

  Fig. 26.3    Malignant pleural mesothelioma detected in 
occupational asbestos-exposed patient by white-light 
source ( a ,  c ) and autofl uorescence thoracoscopy ( b ,  d ) 

(true positive) (Courtesy D Fielding, Department of 
Thoracic Medicine, Royal Brisbane and womens’ 
Hospital, Brisbane, Queensland, Australia)       
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 The resulting indirect autofl uorescence image 
represents the following: ( a ) healthy tissue with 
physiologic concentration of collagen and elastic 
fi bres presenting with a white-green colour; ( b ) a 
low-density blue colour from deeper layer 
(1–2 mm) tissue with increased concentration of 
haemoglobin or infl ammatory infi ltrates   ; ( c ) a 
black or grey colour from tissue with increased 
superfi cial concentration of haemoglobin 
[e.g. stained with blood tissues], as well as 

 superfi cially localised vessels; and ( d ) a vivid 
high- density blue foci from tissue with a rough-
ened surface due to hyperplastic infl ammatory 
 processes (pachypleuritis, adhesions) and malig-
nant or dysplastic processes. 

 The AFVT technique is reported to be more 
precise in locating pleural disorders. In another 
group of 43 patients who underwent AFVT in 
1 year – from March 2007 to March 2008 – a 
malignant diagnosis was made in 30 cases with 9 

c d

Fig. 26.3 (continued)

a b

  Fig. 26.4    Malignant pleural mesothelioma. True negative on the diaphragm assessed by white-light source ( a ) and 
autofl uorescence thoracoscopy ( b )       
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cases of infl ammatory pleural disease and 4 cases 
of diffuse lung impairment. 

 Both these autofl uorescence videothoracos-
copy studies have provided initial or preliminary 
results. The authors underline the necessity of 
conducting further studies using AFVT in order 
to clarify the real, precise value of this method in 
clinical practice and to include more cases with 
earlier stage malignant pleural disease.   

26.3.3     Fluorescence Detection 
of Pleural Malignancies 
Using 5-ALA 

 In 2006, a feasibility study of the impact of 
5-aminolaevulinic acid (ALA)-mediated fl uores-
cence diagnosis (FD) on the diagnostic workup 
and staging of various malignancies during VATS 
was published by researchers from the 
Netherlands Cancer Institute/Antoni van 
Leeuwenhoek Hospital and the Laser Center in 
Academic Medical Center of University of 
Amsterdam (Baas et al.  2006 ). 

 The theoretical basis of the study was focused 
on the known metabolic pathway of 5-ALA into 
haemoglobin, where the rate-limiting step is the 
presence of ferrochelatase. The expression of this 
enzyme, required in the fi nal stage of transforma-
tion of 5-ALA to haemoglobin, is found to be 
decreased in malignant and infl amed cells, lead-
ing to an accumulation of Pp-IX, which has pho-
todynamic properties. The increase in 
concentration of intracellular Pp-IX and the asso-
ciated differences in pharmacokinetics between 
abnormal cells and normal cells facilitate the use 
of 5-ALA for diagnostic or therapeutic purposes. 
5-ALA can be administered systemically (per os 
or intravenous) or locally into the pleural space 
and has relatively few side effects – skin photo-
sensitivity for 24–36 h and a transient rise of liver 
enzymes. 

 For the purposes of FD (PDD), 5-ALA was 
administered with ample amounts of water 3–4 h 
prior to thoracoscopy. Three dosage groups were 
defi ned: 1,500 mg for patients with a weight less 
than 60 kg, 2,000 mg for patients 60–80 kg and 
2,500 mg for patients with a weight more than 

80 kg. Fluorescence images were obtained using 
the D-Light® autofl uorescence system (Karl 
Storz – Tuttlingen, Germany), and both illumina-
tion and observation of the tissue of interest were 
achieved with a rigid endoscope integrated with a 
long-pass fi lter (cut-off wavelength at 470 nm). 
The camera had a white-light mode and a blue- 
light mode, in which the integration time could 
be increased to correct the relative low intensity 
of the fl uorescent light. An additional low-pass 
fi lter (>550 nm) was placed between the endo-
scope and the camera to further increase the con-
trast of the images. 

 From January 2003 to January 2005, 25 
patients with a non-diagnosed pleural effusion 
were included in the analyses. All these patients 
underwent FD thoracoscopy under general anaes-
thesia. A fi nal diagnosis was obtained in 24 
patients. The defi nitive diagnosis included 15 
cases of malignant mesothelioma, 5 cases of 
metastases (bronchoalveolar, tongue, mammary, 
oesophagus and malignancy of unknown origin), 
3 cases of plaques with or without infl ammatory 
changes and 1 case of empyema. The undiag-
nosed case was conformed as a mesothelioma 
after 6 months of follow-up. 

 In total, 111 biopsy specimens were obtained 
from parietal, visceral and diaphragmatic pleura 
during the examination, and an impressive clas-
sifi cation into three equal groups was subse-
quently formed: ( a ) both FD and white-light 
imaging (WLI) results were positive in 37 biop-
sies, 7 of which were found to be false positives; 
( b ) FD and WLI results were negative in 37 biop-
sies, 13 of which were proven false negatives; 
and ( c ) in the remaining 37 biopsies, there was a 
discrepancy between observations with WLI and 
FD. In 26 of the discrepant biopsies, fl uorescence 
detection was positive and white light was nega-
tive, with 19 true positive and 7 false positive 
results. FD was negative in 8 biopsies, the 
 majority of which were taken from a patient with 
desmoplastic mesothelioma. WLI results were 
positive over FD in 11 biopsies, with 8 true posi-
tive and 3 false positive results. 

 A detailed analysis of the fi ndings in the 37 
biopsies specimens with discrepancies between 
WLI and FD imaging results showed that there 
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was no overall diagnostic improvement obtained 
by using FD. Therefore, the researchers demon-
strated only a limited benefi t of 5-ALA fl uores-
cence for the individual patient. However, for the 
staging of mesothelioma, it was clear that in four 
patients, FD upstaged the patient due to improved 
visualisation of lesions on the visceral pleura 
which could not be seen using WLI alone, and it 
was felt that the whole staging process was facili-
tated by the fl uorescence thoracoscopy. 

 In the future, higher doses of 5-ALA could be 
administered for imaging if local photodynamic 
therapy is also indicated for the treatment of the 
identifi ed tumours (Stanzel et al.  2000 ; Baas 
et al.  2006 ). To date, this option has not been 
investigated due to the limited access of the tho-
racoscope in the chest cavity and the diffuse 
growth of pleural malignancies.   

26.4     Fluorescein-Enhanced 
Autofl uorescence 
Thoracoscopy in Primary 
Spontaneous Pneumothorax 

  Marc Noppen  and colleagues performed the fi rst 
prospective, controlled study of in vivo visualisa-
tion of abnormal lung regions which may play an 
important role in the pathophysiology of primary 
spontaneous pneumothorax (PSP). This study 
used fl uorescein-enhanced autofl uorescence tho-
racoscopy (FEAT) compared to white-light tho-
racoscopy (WLT) in patients with PSP and in 
normal control subjects (Noppen et al.  2006 ). 

 FEAT was conceptualised to try to visualise 
abnormal areas at the visceral lung surface and 
identify sites of potential air leakage. The idea of 
using a “dye” to make air leaks visible during 
thoracoscopy was fi rst discussed by  C. Boutin  in 
his reference book “Practical Thoracoscopy” 
(Boutin et al.  1991 ). However, the results of fl uo-
rescein inhalation in the setting of white-light 
illumination for detecting air leaks were disap-
pointing (Boutin C and M Noppen – unpublished 
observations). Illumination with blue light, tak-
ing advantage of the physical fl uorescence prop-
erties of fl uorescein, appeared to dramatically 
increase its sensitivity. 

 Sodium fl uorescein is a relatively  low-
molecular- weight, highly water-soluble com-
pound, which when exposed to light of wave-
length 465–490 nm [blue light, corresponding to 
the wavelength used by the DAFE® system] emits 
light at a wavelength of 520–530 nm [green-yel-
low light, also detectable by the DAFE® system]. 
During 30 years of clinical use in the diagnosis 
and treatment of retinal vascular disorders, the 
intravenous injection of fl uorescein has been 
shown to be safe. Inhalation of fl uorescein had 
not been reported in controlled series prior to 
2004, when the same researchers administered a 
fl uorescein aerosol to a patient with PSP, fol-
lowed by WLT and FEAT (Noppen et al.  2004 ). 
This fi rst case report demonstrated several areas 
of subpleural fl uorescein accumulation not 
detected by normal WLT. In the subsequent 
study, all subjects inhaled an aerosolised 10 % 
fl uorescein solution for approximately 10 min 
under normal tide volume conditions. The fl uo-
rescein aerosol was delivered via a pressure- 
driven nebuliser, attached to a mask. All patients 
underwent total intravenous anaesthesia, with 
single-lumen intubation and high-frequency jet 
ventilation via an endotracheal tube. 

 During a 6-month period, 12 consecutive 
patients presented with recurrent and/or persis-
tent (air leak for more than 4 days) PSP. These 
patients were suitable for thoracoscopic treat-
ment and were enrolled in the study. In addition, 
17 control subjects were recruited during the 
same period. These subjects were referred for 
bilateral thoracoscopic sympathicolysis for the 
treatment of essential hyperhidrosis (16 cases) or 
idiopathic pathologic fl ushing/social phobia syn-
drome (1 case). PSP lungs showed signifi cantly 
more abnormalities at WLT when compared with 
normal lungs, including the presence of 
emphysema- like changes (ELCs) like blebs and/
or bullae. FEAT showed low-grade anthracotic 
lesions in the majority of normal lungs. However, 
in contrast high-grade lesions with extensive sub-
pleural fl uorescein accumulation and fl uorescein 
leakage were exclusively found in patients pre-
senting with PSP. It is important to note that these 
high-grade lesions, which may be considered as 
possible sites where air leakage can originate, 
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were not necessarily associated with blebs or bul-
lae or other associated abnormalities visible at 
WLT. These fi ndings suggest that the observed 
high-grade FEAT phenomena, limited to PSP 
lungs only, may be proof that PSP patients suffer 
from a more extensive disease process of paren-
chymal infl ammation and destruction than previ-
ously thought. It also confi rms that ELC rupture 
is not necessary for every case of PSP. Finally 
these fi nding have major therapeutic implications 
relating to the defi nitive treatment of the ELC, as 
in many cases abnormalities were found distant 
from the blebs and bullae, which were previously 
thought to be the primary culprits of air leakage 
in PSP. 

 Nevertheless, the pathophysiological signifi -
cance of these observations remains to be further 
explored and analysed, while it is important to 
acknowledge the limitations inherent to this tech-
nique: ( a ) the FEAT data can only be obtained 
in a semiquantitative fashion, because the fl uo-
rescence measurements are planar measurements 
with the light intensity dependent on the local 
concentrations of fl uorophore and on the depth 
of penetration of the fl uorophore in the lung tis-
sue; ( b ) the semiquantitative scoring is entirely 
unblinded, as the thoracoscopist was fully aware 
of whether the patient had suffered from a PSP or 
was a control subject, and this highlights the need 
for improved score blinding and a more objec-
tive method of fl uorescence measurement in the 
future; and ( c ) the kinetics of inhaled fl uorescein 
with respect to absorption in the bloodstream, 
interstitium or cells are unknown. Therefore   , the 
hypothesis that high-grade lesions, exclusively 
seen in PSP and not in normal lungs, may be the 
result of the accumulation of inhaled fl uorescein 
aerosol in certain pulmonary areas due to local 
air trapping, which needs to be further stud-
ied. Alternatively, fl uorescein may accumulate 
in areas that receive more rather than less ven-
tilation. However, the study of the wash-in and 
wash-out phases of fl uorescein administration in 
a patient or an animal model would help clarify 
the true meaning of the fl uorescein accumulation. 

 The use of FEAT in patients with PSP demon-
strated the existence of actual fl uorophore leak-
age through the visceral pleura. This can be 

explained by the presence of pleural porosity 
(e.g. the presence of pleural pores with a width of 
several microns) in the absence of blebs, bullae 
or other abnormalities observed at white-light 
thoracoscopic inspection. The exact nature of the 
pleural porosity is also unknown but may be 
associated with the loss of surface mesothelial 
cells, thinning and rupture of the basement mem-
brane and/or downregulation of junctional pro-
teins. It is possible that an interplay between 
peripheral airway and airspace infl ammation 
(that may be enhanced by smoking), mechanical 
factors (such as more negative surrounding pres-
sures and increased mechanical stretching of the 
lung apices in ectomorphic individuals) and dif-
ferentiation in collagen quality may lead to the 
structural changes defi ned as “pleural porosity”.  

26.5     Newer Fluorescence 
Techniques in Endoscopic 
Diagnosis, Staging and 
Therapy 

 Fluorescence techniques are continuously evolv-
ing and have already been implemented in sev-
eral areas of clinical practice. In addition the 
technique may be combined with different meth-
ods for diagnosis and therapy in the future. In this 
chapter, we attempt to show brief characteristics 
of some of the most important research activities 
on the fi eld of fl uorescence diagnosis, staging 
and therapy in respiratory endoscopy. 

26.5.1     Near-Infrared Thoracoscopy 
of Tumoural Protease Activity 
for Improved Detection of 
Peripheral Lung Cancer 

 Researchers from the Centre for Molecular 
Imaging Research in Massachusetts General 
Hospital, Boston, USA, have recently attempted 
to evaluate the ability to use activated probes tar-
geting proteases which are overexpressed in 
many tumour types, in order to improve the visu-
alisation of parenchymal-surface lung tumours 
during thoracoscopy (Figueiredo et al.  2006 ). 
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 Direct visualisation of the pleural space and 
lung surface at the time of video-assisted thora-
coscopic surgery (VATS) offers a higher spatial 
resolution than non-invasive cross-sectional 
imaging modalities, such as CT or MRI. 
Therefore, micrometastatic disease not identifi ed 
by these modalities may, in some cases, be seen 
directly. In addition the luminescence of tumours, 
especially small foci, is often similar to the adja-
cent lung parenchyma. The basic objective of the 
study was to determine the possibility of provid-
ing adjuncts to VATS, which could result in better 
visualisation of tumours and would be benefi cial 
in increasing the sensitivity of lesion detection as 
well as allowing for a shorter procedure duration 
by decreasing the time needed to adequately 
inspect the pleural space and identify areas that 
require sampling and removal. 

 Activatable fl uorescent imaging agents typi-
cally increase their fl uorescence intensity after 
target interaction: when initially injected, they 
are optically silent, but after interaction with 
enzymes that are overexpressed in tumours, they 
become brightly fl uorescent. Because of their 
low initial fl uorescence, which results in lower 
background signal, higher target to background 
ratios (TBR) can be achieved when compared to 
other fl uorescent agents, allowing easier detec-
tion of tumour foci. Additionally, compared to 
fl uorophores, which are often of low molecular 
weight, the activatable agents remain at their tar-
get for longer periods of time, allowing detection 
of the probe during long procedures. Many of the 
activatable agents fl uoresce in the near-infrared 
region (NIR) of the electromagnetic spectrum, 
and this results in several advantages: ( a ) deeper 
penetration of NIR signal when compared to vis-
ible light, allowing the visualisation of pathology 
below the surface, and ( b ) a simultaneous acqui-
sition of full-colour white-light images, as seen 
during conventional thoracoscopy, combining 
with NIR images, thus provide information on 
molecular activity. These can be overlaid onto the 
white-light anatomical images to guide the sur-
geon during a procedure. Two different near- 
infrared fl uorescent activatable “smart” imaging 
probes were used in this study, which differed in 
the attached fl uorochrome and in peak absorption 

and emission wavelengths – one probe with a 
peak absorption of 680 nm and peak emission of 
700 nm [ProSense    680] and another activatable 
probe with peak absorption of 750 nm and peak 
emission of 780 nm [ProSense 750]. 

 Twenty-four hours prior to imaging, 15 female 
nude mice were randomly separated in three 
groups – the fi rst fi ve received intravenous 
administration of 2 nmol/mouse ProSense 680, 
fi ve animals received intravenous administration 
of 2 nmol/mouse ProSense 750, and the remain-
ing fi ve mice – control subjects – did not receive 
any probe injection. A specifi c imaging micro-
catheter was also adapted to aid selective intuba-
tion under visual guidance and to perform 
thoracoscopy. Briefl y, the catheter had an outer 
diameter of 0.8 mm and consisted of 10,000 
ordered fi bres, surrounded by a group of 14 bun-
dles of illumination fi bres. Visible light was sepa-
rated from NIR light through a 670 nm dichroic 
mirror, while the NIR light was additionally 
passed through a sharp cut-off bandpass fi lter. 
The two components were recorded separately 
but simultaneously onto white-light or NIR video 
cameras, thus allowing display and video capture 
of full-colour spectrum white-light images adja-
cent to the NIR images, which, based upon probe 
fl uorescence, refl ected the protease tissue 
activity. 

 To compare the effect of wavelength on detec-
tion, both wavelength imaging “smart” probes 
reported upon the same target: proteases that 
cleave lysine–lysine bonds. In vivo, cathepsin B 
is the major contributor to this probe cleavage. 
Many primary lung tumours contain signifi cantly 
higher levels of cathepsin B protein and express 
higher levels of cathepsin B activity than the 
adjacent lung parenchyma. These high levels cor-
relate to a worse prognosis. In lung tumours not 
overexpressing cathepsin B directly or from a 
host response, the benefi ts of probe activation in 
tumour detection will likely be diminished. An 
additional confounding factor is where there is 
protease overexpression in areas of infl amma-
tion, which may increase the background signal. 
In focal cases, such as some infl ammatory pul-
monary nodules that express high levels of 
cathepsin B, false positive results may occur. The 
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probes at both wavelengths gave similar results 
with respect to TBRs, showing that either wave-
length probe combination could be used with 
equivalent effi cacy. 

 At both wavelength pairs evaluated (680/700 
and 750/780 nm excitation/emission), the intrin-
sic luminosity differences between the tumour 
and normal lung in uninjected animals were low. 
In mice receiving protease probes, tumours were 
signifi cantly more fl uorescent than adjacent lung 
and TBR increased by approximately ninefold. 
Confi rmatory fl uorescence microscopy and 
immunohistochemistry were similar and revealed 
that normal lung had very low levels when com-
pared to tumours of cathepsin B and probe 
fl uorescence. 

 In conclusion, protease-sensitive imaging 
probes selective for cathepsin B, imaged with 
NIR microcatheters, signifi cantly increase the 
TBR, making small peripheral lung tumours 
more easily apparent. Such an approach may be a 
useful adjunct in staging or restaging patients 
with lung cancer in order to fi nd minimal disease 
in the pleural and subpleural space.  

26.5.2     Virally Directed Fluorescent 
Imaging (VFI) 

 A few years before the above study was under-
taken, a group of researchers from the Memorial 
Sloan-Kettering Cancer Centre in New York, 
USA, started investigating methods for improv-
ing fl uorescent imaging during endoscopic pro-
cedures (including thoracoscopy) by using a 
herpes viral vector. Intense research activities 
resulted in several publications, which deter-
mined the feasibility of the proposed technology 
in the endoscopic staging of pleural and other 
malignancies, in facilitation of minimally inva-
sive oncological surgery, in intraoperative locali-
sation of lymph node metastases and in 
localisation of metastatic pleural cancer. 

 Virally directed fl uorescent imaging in all 
these studies was focused on NV1066: a geneti-
cally modifi ed, replication-competent, attenuated 

herpes simplex HSV-1 oncolytic virus, which had 
been previously shown to be highly specifi c for 
infection of tumour cells while sparing normal 
cells and was also effective against multiple 
tumour types, including lung cancer. NV1066 
carries a transgene for an enhanced green fl uores-
cent protein (GFP), which is constitutively 
expressed 2–6 h following viral entry into cells. 

26.5.2.1     Virally Directed Fluorescent 
Imaging (VFI) Can Facilitate 
Endoscopic Staging 

 The fi rst study (Adusumilli et al.  2006a ) was con-
ducted to determine the feasibility of a GFP- 
guided imaging method in the intraoperative 
detection of small tumour nodules. Human can-
cer cell lines were infected with NV1066 at sev-
eral multiplicities of infection, and green 
fl uorescent protein was expressed, producing a 
signifi cantly higher fl uorescence obtained from 
normal cells. One single dose of the viral vector 
spread within and across the pleural cavity and 
selectively infected tumour nodules and spared 
the normal tissue. The tumour nodules unde-
tected by conventional thoracoscopy were identi-
fi ed by GFP fl uorescence. 

 The initial conclusion was that virally directed 
fl uorescent imaging (VFI) has the potential to 
enhance the intraoperative detection of endocavi-
tary tumour nodules.  

26.5.2.2     Real-Time Diagnostic Imaging 
of Tumours/Metastases by 
Use of a Replication-
Competent Herpes Vector to 
Facilitate Minimally Invasive 
Oncological Surgery 

 Systemic delivery of the herpes viral vector 
NV1066 with cancer-selective infection and rep-
lication was used to precisely differentiate 
between normal and malignant tissue with the 
aim to facilitate minimally invasive oncological 
surgery (Adusumilli et al.  2006b ). 

 Minimally invasive surgical techniques are 
currently guided by conventional visual inspec-
tion, and the optical imaging is limited by the 
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strong absorbance and scattering of light by the 
surrounding tissues. Previous attempts to use 
gene therapy to enhance visualisation had been 
limited by the effi ciency of tumour cell transduc-
tion in vivo. In this study a total of 111 human 
cancer cell lines from 16 different primary organs 
were used. Animal models were created in athy-
mic mice, 8–10 weeks old, in which pleural mod-
els were developed by injection of mesothelioma 
cells into the thoracic cavity. Micro- and macro-
scopic lymph node metastases developed 
3–8 weeks following intrathoracic tumour cell 
inoculation. 

 The pleural cavity of all animals was system-
atically examined by conventional and fl uores-
cence thoracoscopy   , using a dedicated endoscopic 
system developed by Olympus America, Inc. The 
objective was to permit the detection of GFP. 
This system was equipped with an interchange-
able excitation fi lter set at 470 ± 20 nm to accom-
modate the minor excitation peak of GFP at 
475 nm and an emission fi lter fi xed at 500 nm to 
accommodate the emission peak of GFP at 
509 nm. GFP images were taken with minimal 
illumination to illustrate the surrounding organs. 
Each mouse was individually and systematically 
examined for the presence of metastatic disease 
as determined by the presence or absence of 
green fl uorescence. 

 A single dose of NV1066 instilled into the 
thoracic cavity was found to spread, infect and 
express green fl uorescence in tumour tissue, 
while the normal lung and heart tissue were 
spared. Fluorescent expression facilitated clear 
identifi cation of tumour nodules in between the 
lobar fi ssures, on the diaphragm and on the pleu-
ral surface. NV1066-guided fl uorescence 
enhanced the identifi cation of microscopic nod-
ules that were not evident with standard 
examination. 

 Injection of the viral vector into the primary 
tumour resulted in dissemination of virus to met-
astatic sites to allow identifi cation of metastatic 
disease with thoracoscopic examination. A single 
dose of NV1066 injected into the primary breast 
tumour resulted in the infection and fl uorescence 

of multiple metastatic lung tumours. In addition, 
disease in the axillary and mediastinal lymph 
nodes was also found. Splenic metastases from 
pleural mesothelioma were identifi ed after 
administration of NV1066 into the pleural cavity, 
and similarly, systemic injection of NV1066 
clearly delineated adrenal and renal metastases in 
a primary lung cancer model. The administration 
of NV1066 into the primary tumour also resulted 
in spread via lymphatics, revealing metastases in 
both the regional stations and in distant nodes. In 
a model for advanced malignant pleural mesothe-
lioma, the intrathoracic administration of 
NV1066 led to selective infection and fl uores-
cence of otherwise inconspicuous nodal metasta-
ses in the para-aortic region as well as adrenal 
metastases. 

 This study presented a unique approach to the 
challenge of accurately defi ning the extent and 
margins of macroscopic disease and the identifi -
cation of microscopic tumour foci thus allowing 
optimal resection and staging. The development 
of a real-time intraoperative detection system that 
is sensitive and specifi c for tumour will probably 
improve surgical performance and expand the 
applicability of minimally invasive oncological 
surgery while improving tumour visualisation 
and ensuring the completeness of tumour resec-
tion and in turn reducing the risk of locoregional 
recurrence.  

26.5.2.3     Intraoperative Localisation of 
Lymph Node Metastases with 
a Replication- Competent 
Herpes Simplex Virus in 
Malignant Mesothelioma 

 Another study from the Memorial Sloan- 
Kettering Cancer Centre in New York, USA, 
(Adusumilli et al.  2006c ) investigated the poten-
tial to identify lymph node metastases intraopera-
tively in patients with malignant pleural 
mesothelioma (MPM) by using herpes (NV1066)-
guided cancer cell-specifi c expression of green 
fl uorescent protein (GFP). 

 The rationale for conducting clinical research 
in this area is based on the accumulated data 
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that accurate localisation of lymph node metas-
tases in patients with MPM is necessary to 
improve selection of resectable for surgical 
intervention. 20–30 % of patients undergo 
exploratory thoracotomy without resection 
often due to the failure of computed tomo-
graphic (CT) and magnetic resonance imaging 
(MRI) scans to predict mediastinal nodal metas-
tases and locally advanced disease. Even posi-
tron emission tomographic (PET) scans have 
failed to reliably identify mediastinal nodal 
metastases. Therefore, endoscopic techniques 
(mediastinoscopy, thoracoscopy and laparos-
copy) have emerged as valuable diagnostic pro-
cedures for assessing patients with MPM who 
are considered candidates for surgical-based 
therapy. The development of a real-time in vivo 
technique which may enhance the accurate 
detection of metastatic lymph nodes is thought 
to be essential to further increase the sensitivity 
and specifi city of the above endoscopic 
methods. 

 After administration of NV1066, which has 
been shown to infect and express GFP in more than 
18 thoracic malignancies, human mesothelioma 
cancer cells were assessed for cancer cell- specifi c 
infection, GFP expression, viral replication and 
cytotoxicity. Fluorescence thoracoscopy, laparos-
copy and stereomicroscopy were used to localise 
lymph node metastases which were later con-
fi rmed by means of immunohistochemistry. 

 In vitro, the viral vector NV1066 infected, 
replicated and expressed green fl uorescent pro-
tein in all cancer cells, even when infected at a 
low ratio of one viral plaque-forming unit per 
100 tumour cells. In vivo, NV1066, injected into 
primary tumours, was able to locate and infect 
lymph node metastases and producing GFP 
which was visualised by means of fl uorescent 
imaging. Histological assessment confi rmed 
lymphatic metastases, and immunohistochemis-
try proved viral presence in regions expressing 
GFP. One limitation of this work was that data to 
further defi ne the predicted value of the proposed 
technique was lacking. 

 The technology presented in the fi nal 
 publication holds promise for improved care 
for malignant pleural mesothelioma and other 

 malignancies. Pilot studies conducted by the 
same researchers have obtained similar levels of 
fl uorescence lymphatic detection in lung cancer, 
as well as in oesophageal malignancies.  

26.5.2.4     Minimally Invasive 
Localisation of Metastatic 
Pleural Cancer by Oncolytic 
Herpes Simplex Viral Therapy 

 The oncolytic properties of the herpes simplex 
virus NV1066 and associated clinical applica-
tions have also been studied (Stiles et al.  2006 ). 
The purpose of these studies was to determine 
whether this viral vector is cytotoxic to lung can-
cer and whether enhanced green fl uorescent pro-
tein (EGFP) is a detectable marker of viral 
infection in vitro and in vivo. In addition, the 
researchers investigated whether EGFP expres-
sion in infected cells can be used to localise the 
virus and to identify small metastatic tumour foci 
(less than 1 mm) in vivo by means of endoscopic 
systems equipped with fl uorescent fi lters. 

 NV1066 replicated and expressed EGFP in 
infected cells and killed tumour cells in vitro, 
while in vivo, the treatment with intrapleural 
NV1066 decreased pleural disease burden, as 
measured by chest wall nodule counts and organ 
weights in experimental animal models. EGFP 
was easily visualised by fl uorescence thoracos-
copy in tumour deposits, including microscopic 
foci. 

 NV1066 has signifi cant oncolytic activity 
against a human non-small-cell lung cancer 
(NSCLC) cell line and is effective in limiting the 
progression of metastatic disease in an in vivo 
orthotopic model. 

 In the future, by incorporating fl uorescent fi l-
ters into endoscopic devices and systems, a mini-
mally invasive technique for diagnosing small 
metastatic pleural deposits and localisation of 
viral therapy for thoracic malignancies may be 
developed using the EGFP marker gene inserted 
into oncolytic herpes simplex viruses.       
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27.1            Introduction 

 In routine clinical practice, pulmonologists are 
frequently required to evaluate patients with pleu-
ral effusions. For diagnosis, conventional methods 
such as thoracentesis and closed pleural biopsy 
are often performed fi rst. However, approxi-
mately 20–25 % of pleural effusions remain 
undiagnosed (Boutin et al.  1993 ; Loddenkemper 
 1998 ) and medical thoracoscopy should then be 
performed. 

 From the time that thoracoscopy was intro-
duced in 1910 by Jacobaeus (Jacobaeus  1910 ), 
the rigid thoracoscope has primarily been uti-
lized to examine the pleural space (Boutin et al. 
 1993 ; Loddenkemper  1998 ; Boutin and Astoul 
 1998 ; Colt  1995a ,  b ; Blanc et al.  2002 ). With 
the advent of fi ber-optic technology, however, 
fl exible bronchoscopes were employed for tho-
racoscopy (Davidson et al.  1988 ; Robinson and 
Gleeson  1995 ; Tsukamoto et al.  1991 ). These 
scopes contained working channels, making it 
possible to perform suction and biopsy under 
direct observation. Due to the relative diffi culty 
in controlling these scopes – because of their 
inherent fl exibility – a thoracofi berscope with a 

rigid shaft and a bidirectional fl exible tip, also 
known as a pleuroscope or semirigid thoraco-
scope, was developed (McLean et al.  1998 ). The 
latest model, the fl exi- rigid thoracoscope, has a 
large working channel, allowing for larger biopsy 
samples (Ernst et al.  2002 ; Lee and Colt  2005 ; 
Munavvar et al.  2007 ; Ishida et al.  2004 ). In this 
chapter we describe the fl exi-rigid thoracoscopy 
under local anaesthesia as used in the investiga-
tion of pleural effusions.  

27.2     Indications 

 The major clinical utility of the fl exi-rigid 
 thoracoscopy is thoracoscopic pleural biopsy and 
pleurodesis. Indications for thoracoscopic pleural 
biopsy include diagnosis of pleural effusions 
which remain unclassifi ed after biochemical, 
bacteriological, and cytological analysis, and 
mutation analysis of the epidermal growth factor 
receptor (EGFR) gene in lung cancer. Pleurodesis, 
primarily with talc, is performed to control 
malignant pleural effusion.  

27.3     Contraindication 

 As procedures are performed under local 
 anaesthesia, the main contraindications to 
 fl exi-rigid thoracoscopy include lack of pleu-
ral space due to adhesions, uncontrolled cough, 
inadequate lung function parameters, uncorrect-
able bleeding tendency, and severe heart failure.  
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27.4     Equipment 

 The equipment used for fl exi-rigid thoracoscopy 
is shown in Fig.  27.1 . The fl exi-rigid  thoracoscopy 
(LTF-260 or LTF-160; Olympus; Tokyo, Japan) 

is 53 cm (LTF-260) and 52 cm (LTF-160) in total 
length, with the 27-cm insertion portion. The 
proximal 22 cm is rigid and the distal 5 cm is 
fl exible. The external diameter of the insertion 
portion is 6.9 mm (LTF-260) and 7.0 mm 

a

b

c
  Fig. 27.1    Necessary 
equipments for the pleura-
videoscopy: ( a ) The pleura-
videoscope (a rigid 
thoracoscope with a bidirec-
tional fl exible tip – length: 
52 cm, caliber: 7.0 mm) ( black 
arrow ) and alligator jaw-type 
fl exible biopsy forceps 
through the working channel 
( white arrows ). ( b ) The 
pleura-videoscope inserted 
through the fl exible trocar. ( c ) 
The tip of the pleura-video-
scope ( on the left ) and a view 
of the working channel 
(2.8 mm) for biopsy forceps or 
suction catheter ( on the right )       
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 (LTF- 160). The fl exible tip can be controlled by a 
lever on the handle, which allows for 160˚ upward 
and 130˚ downward movement. The 2.8-mm 
inner working channel accommodates the biopsy 
forceps and other instruments including an elec-
trosurgical coagulator and argon plasma coagula-
tion probe. The fl exi-rigid thoracoscope model 
LTF- 260 is compatible with the existing video 
processors CV-200, CV-240, CV-260, and 
CV-260SL (Olympus), and the model LTF-160 is 
compatible with the video processors CV-100, 
CV-140, CV-145, and CV-160 (Olympus). Both 
models are sterilized by either ethylene oxide gas 
(EOG) or autoclaving.

   The sterile, disposable fl exible trocar 
 (MAJ- 1058; Olympus) designed for the fl exi-
rigid thoracoscope is 8 mm in diameter. It is not 
airtight. There are two types of fl exible biopsy 
forceps available, one without a needle 
(FB-36C-1; Olympus) and the other with nee-
dle between the alligator jaws (FB-55CR-1; 
Olympus).  

27.5     Techniques 

27.5.1     Thoracoscopic Procedure 

 The technique is described in Fig.  27.2 . The 
fl exi- rigid thoracoscopy can be performed under 
general anaesthesia; however, in this chapter we 

describe our method, the fl exi-rigid thoraco-
scope under local anaesthesia without sedation. 
The procedure can be performed in the operating 
room, in the endoscopy suite, or at the bedside in 
a general ward. Patients are placed in the lateral 
decubitus position, involved side up. We ask 
patients to hold a pillow to keep their arms 
upward and to maintain an adequate intercostal 
space. The entry point is determined by ultraso-
nography, usually in the midaxillary line at the 
fi fth to seventh intercostal space. The patients 
are premedicated with 25 mg hydroxyzine and 
15 mg pentazocine given intramuscularly. 
Supplemental oxygen is administered via a nasal 
cannula, usually 3–5 l/min. Pulse, blood pres-
sure, and oxygen saturation are continuously 
monitored. The patient’s skin is disinfected, and 
the physician and assistant clean their hands and 
put on a sterile gown and gloves. The physician 
stands on one side of the patient and the assistant 
is on the other side. The main operator usually 
faces the patient. Local anaesthesia with 
10–15 ml of 1 % lidocaine is instilled to the 
chest wall at the previously marked site of entry. 
Entry into the pleural cavity is confi rmed by the 
drawing back of fl uid or air into the syringe. 
A 10-mm incision is made to the skin and subcu-
taneous tissues with a scalpel, followed by blunt 
dissection to the pleural space. The 8.0-mm fl ex-
ible trocar should be held fi rmly in the palm of 
the hand and inserted until a release of resistance 

fluid

air

Lung

a b

  Fig. 27.2    The schema of pleura-videoscopy. ( a ) Pleural 
fl uid is drained through the working channel, and 
 atmospheric air is introduced via a trocar allowing the 

lung to collapse away from the chest wall. ( b ) Biopsy is 
performed through the working channel       
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is felt. If the trocar doesn’t enter the pleural 
 cavity easily, the physician should perform 
 further blunt dissection. After the fl exible trocar 
is placed, the fl exi-rigid thoracoscope is inserted 
into the pleural cavity. Initially the physician 
cannot see anything clearly due to the pleural 
fl uid. The fl uid is aspirated through the working 
channel of the scope until the physician obtains 
suffi cient examination space.

27.5.2        Pleural Biopsy Techniques 

 The parietal and visceral pleura and diaphragm 
are carefully inspected. Biopsy specimens are 
obtained from suspicious-looking areas on the 
parietal pleura or diaphragm using fl exible biopsy 
forceps under direct visual control. Usually 5–10 
biopsy specimens are stored in 10 % formalin 
solution for histologic examination, and 2–4 
specimens are stored in normal saline for bacte-
riological examination.  

27.5.3     Talc Pleurodesis 

 After completely removing the fl uid, sterile talc 
(Steritalc; Novatech; France) is insuffl ated 
into the pleural space through the working 
 channel of the pleura-videoscope (Fig.  27.3 ) or 

through the 2-mm Boutin pleural puncture 
 needle (Boutin Trocar; Novatech) placed as the 
second site of entry. At the end of the procedure, 
the  distribution of the talc on the pleura is con-
fi rmed by fl exi-rigid thoracoscopy.

27.5.4        Post Procedure 

 After every procedure, a 20-Fr chest tube is 
inserted through the same incision used for the 
fl exi-rigid thoracoscope and attached to an aspi-
ration device. A chest roentgenogram is per-
formed following the procedure. For pleural 
biopsy alone, the chest tube is removed when 
complete lung reexpansion is confi rmed on chest 
roentgenogram. The chest drain can be removed 
on the same day. In cases where talc pleurodesis 
was performed, negative pressure, usually −20- 
cm H 2 O, should commence immediately after the 
procedure and be maintained for at least 48 h 
after the procedure until the fl uid drainage is less 
than 200 ml/day.   

27.6     Effi cacy 

 The flexi-rigid thoracoscopy has been used for 
diagnostic purpose (Munavvar et al.  2007 ; 
Ishida et al.  2004 ,  2005 ) and talc pleurodesis 

  Fig. 27.3    Using a double balloon insuffl ator, sterile talc (Steritalc®; Novatech; France) is spread into the pleural space 
through the working channel of the pleura-videoscope       
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(Ernst et al.  2002 ). The diagnostic yield of 
 thoracoscopy using a thoracofiberscope was 
first reported as 81 % for malignant pleural 
diseases (McLean et al.  1998 ). The latest 
model, the flexi-rigid thoracoscope, provides 
better diagnostic yields ranging from 89 to 
91 % (Munavvar et al.  2007 ; Ishida et al.  2004 , 
 2005 ). In addition Ernst (Ernst et al.  2002 ) and 

Munavvar (Munavvar et al.  2007 ) have 
reported that the flexi-rigid  thoracoscope was 
easy to handle and the image quality was 
excellent. 

 Figures  27.4 ,  27.5 , and  27.6  show cases 
of malignant mesothelioma, dissemination of 
 carcinoma, and tuberculous pleurisy diagnosed by 
biopsy obtained using a fl exi-rigid thoracoscope.

a

c

b

  Fig. 27.4    ( a ) A distant view of diffuse malignant meso-
thelioma inspected by a pleura-videoscope. The  arrow  
shows malignant nodules. ( b ) A closeup view of diffuse 
malignant mesothelioma as inspected by a pleura-video-
scope. The uneven pleural thickening and nodules are 
observed all over the parietal pleura. Biopsy samples 

obtained from a nodular lesion of the parietal pleura 
revealed solid and epithelioid form with irregular 
spaces. ( c ) A distant ( left ) and closer ( right ) view of the 
pleural cavity in patients with malignant pleural 
mesothelioma       

 

27 Flexi-Rigid Thoracoscopy



258

27.7          Complications 

 McLean (McLean et al.  1998 ), Ernst (Ernst et al. 
 2002 ), and Munavvar (Munavvar et al.  2007 ) 
reported that there were no complications for 
thoracoscopy. However, pulmonologists should 

be aware of the potential complications associ-
ated with thoracoscopy, such as bleeding, 
 hypotension, arrhythmia, desaturation, wound 
infection, empyema, pneumothorax, reexpansion 
pulmonary edema, and seeding of the chest wall 
from mesothelioma.  

a

c

b

  Fig. 27.5    A distant view ( a ) and close view ( b ) of pleural 
dissemination from a lung cancer inspected by a pleura- 
videoscope. The small, white nodules are spread over the 

parietal pleura ( b ). Biopsy samples obtained from the 
small nodules revealed acinar adenocarcinoma ( c )       
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27.8     Limitation 

 There are some limitations of fl exi-rigid thora-
coscopy under local anaesthesia. Firstly, the 
biopsy specimens obtained by the fl exi-rigid tho-
racoscope are smaller compared to samples from 
rigid thoracoscopy, as they are limited by the size 

of the fl exible forceps, which might result in a 
lower diagnostic yield. Secondly, since we 
 perform the procedure under local anaesthesia 
utilizing one port of entry, it may be an inappro-
priate technique for complicated and/or invasive 
procedures, such as treatment of empyema and 
lung biopsy. Although minor adhesions without 
established blood vessels can be dissected using 

a

c

b

  Fig. 27.6    A distant view ( a ) and close view ( b ) of tuber-
culous pleurisy as inspected by a pleura-videoscope. The 
close view shows a reddish, rough pleura. Biopsy samples 

obtained from the pleura revealed granulomatous 
 infl ammation with multinuclear giant cells ( c )       
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the pleura-videoscope and the fl exible biopsy 
forceps (Fig.  27.7 ), it is our opinion that thick 
adhesions with blood vessels should not be 
dissected.
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