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Advanced techniques in medical

thoracoscopy
G.F. Tassi*, R.J.O. Davies# and M. Noppen"

ABSTRACT: For expert pulmonologists, advanced procedures in medical thoracoscopy are the

nonroutine and more complex applications of the method. The main current indications are the

treatment of infected pleural space, forceps lung biopsy and sympathectomy.

In parapneumonic effusions and empyema, medical thoracoscopy is as a drainage procedure,

intermediate between tube thoracostomy and video-assisted thoracoscopic surgery (VATS),

which is efficient, significantly lower in cost and avoids surgical thoracoscopy under general

anaesthesia. It is essential that it is performed early in the course of the disease and is particularly

advisable for frail patients at high surgical risk.

The efficacy of forceps lung biopsy has been demonstrated in diffuse lung diseases, whereas

results in localised lung diseases and chest-wall lesions have been less positive. However, VATS

is currently the preferred approach for these indications. The technique still maintains its efficacy

for visceral pleura and peripheral lung biopsy, in particular in the presence of pleural effusion and

lung disorders.

At the present time, thoracoscopic sympathectomy is minimally invasive and is an accepted

intervention for patients with a variety of autonomous nervous system disturbances. Essential

hyperhidrosis patients, and well-selected patients with other disorders, can be helped with this

procedure, which can also be performed by interventional pulmonologists.

KEYWORDS: Empyema, forceps lung biopsy, medical thoracoscopy, parapneumonic effusions,

sympathectomy

A
ccording to the present authors, the term
‘‘advanced techniques’’ refers to the less
frequent and more complex applications

of medical thoracoscopy. These applications are
part of interventional pulmonology following the
direction of modern medicine in which various
mini-invasive techniques have become part of
different medical fields.

In a way, these applications represent a return to
the origins, because thoracoscopy performed by
an internist, as was its inventor H.C. Jacobaeus,
has, from the onset, dealt with complex interven-
tions, such as the lysis of pleural adhesions, to
obtain a therapeutic pneumothorax in tubercu-
losis, later called ‘‘Jacobaeus’ operation’’ [1, 2].

The current article attempts to give an overview
of methods that can be described as nonroutine
and represent the areas of application in medical
thoracoscopy for expert pulmonologists. These
applications can be an objective for those who,
having learned and applied the basic techniques,
wish to develop them further.

CURRENT INDICATIONS
Thoracoscopic management of the infected
pleural space
Complicated parapneumonic effusion and empy-
ema are significant clinical problems. Annually,
pleural infection affects ,60,000 individuals in
the USA and carries a mortality of ,15% [3, 4].
They are more common in the elderly and in
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childhood [3]. Risk factors for development include diabetes
mellitus, alcohol abuse, aspiration and poor dental hygiene,
gastro-oesophageal reflux, rheumatoid arthritis, chronic lung
disease and intravenous drug abuse [4, 5]. Approximately one-
third of cases occur in the absence of any identifiable risk
factors [4], suggesting that variation in bacterial virulence or
host immune defence may also play important roles in
empyema development.

Empyema may develop as a complication of pneumonia, or
may follow surgery, trauma, iatrogenic procedures, or, rarely,
bronchial obstruction from a tumour or foreign body [6].
Pleural infection may also occur as a ‘‘primary’’ infection,
without evidence of lung parenchymal infection.

Comprehensive reviews and evidence-based guidelines for the
management of complicated parapneumonic effusion and
empyema are available [3, 5–7], but they do not deal
comprehensively with the role of thoracoscopy, apart from
considering it an acceptable approach [3] through surgery
[5–7].

In reality, thoracoscopy under local anaesthesia, nowadays
called medical thoracoscopy, has been used in Europe since
1910 to diagnose and treat pleurisies, including pleural
empyema [8–12].

Pathogenesis and rationale for treatment
The development of pleural infection occurs in the following
three stages. 1) The initial ‘‘exudative’’ stage occurs in up to
57% of patients with pneumonia and consists of the formation
of a sterile, ‘‘simple parapneumonic effusion’’ [3]. Mechanisms
likely to be important in effusion formation include increased
vascular permeability and leakage following neutrophil migra-
tion into the pleural space, and the production of pro-
inflammatory cytokines, including interleukin-8 and tumour
necrosis factor-a [6]. Simple parapneumonic effusions are
clear, sterile exudates with a pH .7.3, a normal glucose level
and a lactate dehydrogenase (LDH) level ,1,000 IU?L-1. The
majority of simple parapneumonic effusions resolve with
antibiotics and drainage is not usually required [13–15]. 2) A
subset of patients develop secondary bacterial infection of the
pleural effusion, leading to the development of a ‘‘complicated
parapneumonic effusion’’. This results in the characteristic
pleural fluid biochemical features of pH ,7.2, glucose
,35 mg?dL-1 and LDH .1,000 IU?L-1 [13–16]. Complicated
parapneumonic effusions do not usually resolve without
drainage of the effusion [16]. Persistent pleural infection may
eventually result in the accumulation of pus in the pleural
space (empyema), which should always be drained. A key
feature of this ‘‘fibrinopurulent’’ stage of infection is dis-
turbance of the balance between coagulation and fibrinolysis
within the pleural space; inhibition of fibrinolysis and
activation of the coagulation cascade results in the formation
of fibrin, which coats the pleural surfaces and forms adhesions
and fluid loculations, impairing the clinical chest tube drainage
of infected fluid [17]. 3) The final ‘‘organising’’ stage of pleural
infection is characterised by fibroblast growth and prolifera-
tion, resulting in the formation of an inelastic, fibrous pleural
peel which impairs lung re-expansion. The mechanisms which
underlie the development of pleural fibrosis in empyema are
poorly understood, although recent work using a rabbit model

of empyema has suggested an important role for the fibrogenic
transforming growth factor-b1 [18].

The treatment of pleural infection is based on antibiotic
therapy and complete drainage of the liquid to allow total
lung re-expansion. In many cases, treatment with antibiotics
alone allows a rapid improvement with cessation of fever,
reabsorption of the liquid and recovery. Lack of response to
antibiotics, however, demonstrated by the identification of
organisms on pleural fluid Gram stain or culture, or a pleural
fluid pH ,7.2 in the clinical setting of a pneumonic illness, or
by the aspiration of frankly purulent pleural fluid [5, 16], is a
strong indication for chest tube drainage. Drainage may also be
undertaken for symptomatic relief in very large simple
parapneumonic effusions. The optimal size of chest tube and
duration of drainage remain controversial. In many cases,
small-bore (12–14 F) drains are easier to insert, more comfor-
table and adequate for the drainage of infected pleural
collections [19, 20]. This is not the case in the presence of
frank pus, where larger tubes (.28 F) are needed. The role of
therapeutic thoracentesis as an alternative to formal chest tube
placement in pleural infection remains unclear. Treatment with
serial thoracentesis is attractive, as it may avoid the complica-
tions of chest drainage and perhaps allow outpatient manage-
ment of selected cases [21]. Successful treatment of empyema
with therapeutic thoracentesis and antibiotics has been
reported, but has not yet been compared with formal drainage
in randomised controlled trials [4, 22].

The presence of loculations, which are characteristic of
complicated parapneumonic effusion and fibrinopurulent
empyema, frequently make the effusion resistant to drainage
with a single chest tube. In these situations, either intrapleural
fibrinolytics [23–27], medical thoracoscopy, video-assisted
thoracoscopic surgery (VATS) or, in advanced cases of chronic
fibrotic empyema, open surgical decortication is used. There
are considerable differences in using these approaches
between different hospitals, regions and countries, based more
on individual clinical choice than on scientific data.

THORACOSCOPY
For years, thoracoscopy has largely been used in pleural
effusion due to lung infection, as an alternative to thoracotomy
[12, 28, 29], because it allows the mechanical removal of
infected material and permits lung re-expansion [9, 30–32]. It is
possible to open multiple loculations and aspirate the purulent
liquid, removing the fibrinous adhesions, including the layer
on visceral pleura. Therefore, it is possible to have a single
cavity in which, using an accurately positioned chest tube,
subsequent local treatment is facilitated with antiseptic
solutions or fibrinolytics. Moreover, the possibility to perform
pleural biopsies allows the precise aetiological definition of the
disease and aids the diagnosis of occult infections (e.g.
tuberculosis) or tumours causing pleural effusion.

Most thoracoscopic empyema treatments are performed and
described by surgeons using classical three-entry port inter-
vention under general anaesthesia and double-lumen intuba-
tion [28, 29]. However, it is important to remember that
thoracoscopy in empyema may also be performed by expert
medical thoracoscopists [12, 33, 34].
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Indications
Generally accepted indications for the use of thoracoscopy in
infected pleural space have yet to be agreed [28, 29]. Some
authors maintain that it should be used before positioning a
chest tube, when chest tube insertion is indicated [12]. Others
consider that it should be used only when a large-calibre chest
drain does not bring about reduction of fever and complete
radiological resolution of the effusion after 2–3 days [35, 36].
When the presence of multiple loculations is observed in the
effusion, multiloculated pleural effusion [34, 37] and multi-
loculated empyema in a fibrinopurulent stage [28, 34, 38, 39]
are indicated, and thoracoscopy is appropriate. More recently,
the indication for surgical treatment using VATS has been
extended to chronic organising empyema, both for debride-
ment before thoracotomic decortication [40] and for thoraco-
scopic decortication [41].

In this context of differing opinions, an attempt to clarify
approaches to the medical and surgical treatments of para-
pneumonic effusions was given by the American College of
Chest Physicians in their guidelines [7] using evidence-based
methods. They considered the role of VATS, categorising
patients by their risk of poor outcome. These guidelines limit
VATS to patients defined as higher risk for poor outcome
(categories 3 and 4). Category 3 defines effusions occupying
more than half the hemithorax; they may be loculated and
have thickened parietal pleura. Category 4 is characterised
by the presence of pus in the pleural cavity (‘‘true’’
empyemas).

These recommendations are, however, based on a single
randomised study of only 20 patients [38] and on a historically
controlled series of 64 patients [42]. The guidelines do not
mention medical thoracoscopy, even though the recommenda-
tions on VATS could be extended to include it.

Equipment and technique
Equipment and technique are different for medical and
surgical (VATS) thoracoscopy [11]. Medical thoracoscopy can
be performed in an endoscopy suite, under local anaesthetic or
conscious sedation, with one or two points of entry and
reusable instruments. VATS is a surgical procedure requiring
an operating room, general anaesthesia with double-lumen
intubation, various points of entry and disposable instruments.

For medical thoracoscopy in pleural space infection, it is
advisable to choose the trocar point of entry by ultrasono-
graphy to identify the point where the pus collection is largest
and the position of the diaphragm, which is often elevated. The
examination takes place in the following steps: 1) aspiration of
the liquid; 2) exploration of the thoracic cavity to identify
loculations (fig. 1) or, less frequently, neoplastic nodules
(fig. 2) and, very rarely, foreign bodies (fig. 3); 3) opening the
loculations; 4) removal of fibrinopurulent membranes (figs 4
and 5) from the cavity and from parietal and visceral surfaces;
and 5) cleansing of the pleural space with saline solution.
When the thoracic cavity has been emptied a careful explora-
tion of the pleural surfaces is carried out and, if necessary
(fig. 3), biopsies performed. Finally a large-bore chest drain
(o28 F) is introduced, possibly under visual control, to
remove dense and viscous pus or fibrin debris.

Results and complications
Cases on the use of thoracoscopy in pleural space infections are
mainly related to empyema and are principally surgical. They
generally describe favourable results, with primary success
rates (complete recovery without the need for subsequent
thoracotomy or conversion of VATS to thoracotomy) of 60–
100% [29, 39, 43]. In the present authors’ experience of medical
thoracoscopy, in 69 cases, the primary success rate was 93%
and only five patients needed a surgical intervention by VATS
or thoracotomy (unpublished data). The best results were
obtained when the method was applied early in the course of
the disease. The number of patients treated is relatively small

FIGURE 1. Typical empyema loculations.

FIGURE 2. Neoplastic nodule (arrow) on parietal pleura in empyema.
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and only a few authors [44–47] presented studies with .50
patients.

Surgical studies all agree on the advantages of VATS compared
with thoracotomy in terms of less pain, lower costs, shorter
hospital stays and better cosmetic results because of the less-
invasive technique.

A number of advantages are highlighted for medical thoraco-
scopy [33, 34, 48]. It is mini-invasive, has lower costs compared
with VATS and is useful in the treatment of frail patients at
high surgical risk. Complications are strictly related to case
complexity and are mainly represented by air leaks, which are

sometimes prolonged, and by bleeding, with incidences of
between 16 [42] and 0% [31, 39]. In some surgical series
comprising patients with heavy comorbidities, some deaths
were described [38, 40, 42, 44–46].

Conclusion
Although thoracoscopy has proved useful in the treatment of
infected pleural space, in particular in multiloculated
empyema where it allows recovery avoiding thoracotomy
[28], even today its employment has not been justified by large
controlled trials [29]. Moreover there are no prospective,
controlled studies on the role of medical thoracoscopy in
parapneumonic effusions and empyema.

Medical thoracoscopy, as a drainage procedure intermediate
between tube thoracostomy and VATS, is significantly lower in
cost and can avoid surgical thoracoscopy under general
anaesthesia. It is essential that it is performed early on in the
course of empyema [12] and it is particularly advisable for frail
patients at high surgical risk.

THORACOSCOPIC LUNG BIOPSY
Forceps lung biopsy during thoracoscopy under local anaes-
thesia has been used for many years by pulmonologists and
has been frequently described as an integral technique of the
method defined today as medical thoracoscopy [9–11, 49–51].
Its employment has been considerably reduced with the
advent of VATS, particularly in diffuse lung disease [12],
although a study demonstrating its utility was published in
1999 [52]. Thus, it is important that interventional pulmonol-
ogists remain familiar with a technique that can be still
relevant.

Indications
Over the years, thoracoscopic forceps lung biopsy has been
used in various circumstances in the following situations: 1) in

FIGURE 3. Foreign body (gauze, shown by arrow) in a patient with chronic

empyema. The patient had been operated on 2 months previously for major

abdominal surgery.

FIGURE 4. Fibrin membranes in the pleural cavity.

FIGURE 5. Removal of membranes with forceps.
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diffuse lung diseases; 2) in localised lung diseases and chest
wall lesions; and 3) to sample visceral pleura and peripheral
lung in patients with chronic pleural effusions [9, 10, 12].

1) Diffuse lung disease extending to peripheral lung regions, in
both immunocompetent and immunocompromised patients,
has been an area of application of this technique in the past [53,
54], and was used recently [52] when a diagnosis was not
obtained by a simpler method, e.g. bronchoalveolar lavage
(BAL) and transbronchial biopsy (TBB). Various diseases, such
as granulomatous processes, have been studied [9], in
particular sarcoidosis and invasive mycosis, histiocytosis X,
idiopathic interstitial pneumonias and carcinomatous lym-
phangitis. These indications have declined over recent years,
as demonstrated by the literature in which there are only two
series published after 1990 [52, 55]. Reduction is also high-
lighted by the experience of the Lungenklinik Heckeshorn,
Berlin, Germany [12], where the use of thoracoscopy for diffuse
lung disease, which represented 22% of the examinations
performed in the period 1971–1979, fell to 8% in the period
1980–1988 and to 1% in the period 1995–1996. The reasons for
this reduction are linked in part to the improvement of
imaging techniques, in particular to high-resolution computed
tomography, and also to the diffusion of wedge lung biopsy in
VATS. In spite of the absence of established guidelines and
randomised controlled studies, this has become the procedure
of choice to obtain lung tissue when BAL and TBB are
nondiagnostic [56–58].

2) The same occurred for the diagnosis of localised lung
disease and chest wall lesions, though used infrequently, as
demonstrated by the literature [59–62]. In the experience of
the Lungenklinik Heckeshorn, Berlin, Germany [12], localised
lung diseases declined from 12 (1971–1979) to 6 (1980–1988)
to 3% (1995–1996), whereas chest wall lesions which were
6 (1971–1979) and 5% (1980–1988), reduced to 2.5% in 1995–
1996. For these lesions, VATS is today the procedure of
choice as it allows the diagnosis and removal of the lesion [63,
64], sometimes preceded by transthoracic needle aspiration
[65].

3) The biopsy of visceral pleura and lung in patients with
pleural effusion and visceral pleura involvement or associated
lung disease (e.g. mesothelioma, metastatic tumour, suspected
carcinomatous lymphangitis, suspected asbestosis) [9] still
maintains its importance and significance. It should be noted
that if pleural effusions today represent ,90% of medical
thoracoscopy [12], there is frequently a coexistence of effusion
and associated lung disease. This is especially important for
mesothelioma where the identification of involvement of the
visceral pleura, necessarily based on lung biopsy, strongly
influences the prognosis [66] and defines a different tumour,
node and metastasis stage [67].

Equipment and technique
To obtain a sample of tissue without coagulation, the lung is
grasped by optical forceps and pulled toward the trocar using
a single port of entry [59]. It is also possible to use coagulating
forceps, connected to an electrocautery, which allows closure
of the lung breach (fig. 6), thereby guaranteeing aerostasis and
haemostasis [9, 68]. In this case, two ports are needed: one for
the endoscope and one for the coagulating forceps (fig. 7).

More recently [69], the technique of minithoracoscopy has
allowed the use of 5-mm forceps and a mini-endoscope
through a single 8-mm trocar. Biopsy should be performed
in places away from both interlobar fissures, in which there are
large vessels and bullous or cystic formations. It is possible to
obtain multiple samples from different areas, and lobes of 5–
7 mm and 5–20 mg in weight. At the end of the examination it
is essential to put a drain in place to check for possible
bleeding or air leaks until complete lung re-expansion is
demonstrated by chest radiograph.

FIGURE 6. Scar on lung surface (arrow) after biopsy with coagulating forceps.

FIGURE 7. Coagulating forceps grasping lung tissue, mesothelioma nodules

on parietal pleura are visible in the background.
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Results and complications
In diffuse lung diseases, the diagnostic yield of forceps lung
biopsy has been high, indeed comparable to VATS [70–72]. The
sample quality examined in some studies [52, 73] was high,
even if vascular structures were less represented and, for this
reason, pulmonary lung disorders are a poor indication for
forceps lung biopsy [52]. The negative consequences of
coagulation on lung tissue are not normally a problem (only
14% in a recent series of cases [52]) and can be avoided by
limiting coagulation time to 1–2 s [9]. In localised lung
diseases, such as those cited above [59–62], the diagnostic
yield was ,50%.

In mesothelioma, where staging is based on visceral pleura
involvement, forceps lung biopsy gives a diagnostic yield
.90% [9, 74]. The extension of metastatic tumours to visceral
pleura, for which forceps biopsy is essential for diagnosis, is
also frequent, occurring in .80% of cases [75, 76]. Forceps lung
biopsy simultaneously demonstrated the existence of asbes-
tosis in the presence of effusion [9].

The most frequent complications of the method were repre-
sented by air leaks occurring in between 4.1 [9] and 14% [53] of
cases, similar to the VATS series cited previously [70–72].
Bleeding incidence was minimal (0.48%) and mortality was
exceptionally low [9].

Conclusions
Forceps lung biopsy has demonstrated its efficacy both in
diffuse lung diseases and in pulmonary disorders associated
with pleural effusion, whereas results in localised lung
diseases and chest wall lesions were less positive. Its limited
application amongst pulmonologists who perform medical
thoracoscopy remains to be explained. For diffuse lung
diseases, it is probable that many believe that ‘‘bigger is
better’’ [73] with reference to sample size; for localised
diseases, the advent of VATS, which for these indications is
superior, has been decisive. The efficacy of the method is

indisputable for visceral pleura and peripheral lung biopsy, in
particular in the presence of pleural effusion and lung
disorder. Interventional pulmonologists should therefore con-
tinue the practice of this simple, effective and safe technique.

THORACOSCOPIC SYMPATHECTOMY
Thoracoscopic sympathectomy is defined as the anatomical
interruption of the thoracic sympathetic chain (figs 8 and 9) by
means of thoracoscopic techniques. The level of interruption
(e.g. T3) depends upon the indication and the desired thera-
peutic effects (e.g. treatment of essential hyperhidrosis) [77].

Thoracoscopic sympathectomy techniques are currently stan-
dard approaches for sympathectomy. Whereas open surgical
approaches have become obsolete, percutaneous ablation
approaches are not widely used because of lower efficacy
and higher complication rates [78].

Most thoracoscopic sympathectomy techniques are performed
and described by surgeons. Classically, unilateral three-entry
port interventions using single-lung, double-lumen ventilation,
pleural and sympathetic chain dissection and resection, and
post-operative chest drainage are proposed [79]. Recently,
however, there has been a trend towards less cumbersome, less
extensive, simplified one-time bilateral surgical approaches
using clipping or diathermy cauterisation, single-lumen
intubation, and smaller diameter trocars [80–82]. It is worth
noting that thoracoscopic sympathicolysis using simple med-
ical thoracoscopic instrumentation and techniques can be
safely performed by trained interventional pulmonologists
[77–83].

Indications
Accepted indications for thoracoscopic sympathectomy
include refractory essential hyperhidrosis (palmar, axillar,
facial), and, in selected cases, facial flushing, vascular
disorders of the upper limbs (Raynaud’s phenomenon,

FIGURE 8. Thoracoscopic view of the posterior chest wall; the sympathetic

chain (indicated by forceps) runs caudally over the rib heads. FIGURE 9. The sympathetic chain can be visualised more effectively using

blue light during thoracoscopy.
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acrocyanosis, arterial insufficiency, Buerger’s disease), causal-
gia, thoracic outlet syndrome, some cardiac disorders (e.g. long
QT syndrome) and chronic pancreatic pain syndromes [83].

Equipment and technique
No standard guidelines on equipment and technique are
available and very few comparative studies on this subject
have been performed. Therefore, most authors have devel-
oped, and gained experience with, proper technical appro-
aches. At the present time, in general, thoracoscopic
sympathetic interventions (whether performed by surgeons
or interventional pulmonologists) are performed in a 1-day
setting, under total intravenous anaesthesia. A one-time
bilateral procedure using 1–3 small-diameter trocars should
be the standard approach. The sympathetic chain can be
dissected and resected, cauterised, interrupted or clipped. The
level and extent of anatomical interruption depends upon the
clinical indication, and should also be kept to a minimum; for
example, in essential hyperhidrosis, sympathetic interruption
can be limited to the T3 level [84].

Results and complications
Although very few comparative studies are available, short-
and long-term results are excellent in hyperhidrosis patients;
relief of palmar, axillar and/or facial sweating is obtained in
90–100% of cases [77]. Recurrence rates vary between 5–10%,
but repeat interventions are often successful. Sporadic (,1%)
complications include Horner’s syndrome, complicated pneu-
mothorax and haemorrhage necessitating conversion to thor-
acotomy. No procedure-related mortality has been reported.
Compensatory sweating occurs in the majority of patients after
sympathetic interruption and may be related to the level of
interruption (e.g. T2 interruption increasing its likelihood) and
extent (e.g. extensive-level interruption increasing its like-
lihood). Patients should be extensively informed about the
probable occurrence of compensatory sweating. In general,
however, this is considered not more than a nuisance and does
not affect overall patient satisfaction. However, a small
percentage (1–2%) of patients regret the intervention after-
wards [85–89].

Conclusion
At the present time, thoracoscopic sympathectomy, sympathi-
cotomy or sympathicolysis is a minimally invasive, accepted
intervention for patients with a variety of autonomous nervous
system disturbances. Essential hyperhidrosis patients and
well-selected patients with other disorders can be helped by
this procedure, which can be performed by surgeons or
interventional pulmonologists. Short- and long-term results
are excellent, severe complications are extremely rare, and
side-effects are usually limited to a certain (but acceptable)
degree of compensatory hyperhidrosis.

CONCLUSIONS
The treatment of infected pleural space, forceps lung biopsy
and sympathectomy are undoubtedly established procedures
of advanced medical thoracoscopy, as is the treatment of
pneumothorax [90]. They should definitely be performed by
expert and highly trained thoracoscopists [91] and carried out
in specialised centres with sufficient expertise in close
collaboration with thoracic surgeons [33].

REFERENCES

1 Jacobaeus HC. The cauterization of adhesions in artificial
pneumothorax therapy of tuberculosis. Am Rev Tuberc
1922; 6: 871–897.

2 Cova F. Atlas Thoracoscopicon. Milan, Sperling and
Kupfer, 1928.

3 Sahn SA. Management of complicated parapneumonic
effusions. Am Rev Respir Dis 1993; 148: 813–817.

4 Ferguson AD, Prescott RJ, Selkon JB, Watson D,
Swinburn CR. The clinical course and management of
thoracic empyema. QJM 1996; 89: 285–289.

5 Davies CW, Gleeson FV, Davies RJ, on behalf of the Pleural
Disease Group, Standards of Care Committee, British
Thoracic Society. BTS guidelines for the management of
pleural infection. Thorax 2003; 58: Suppl. 2, ii18–ii28.

6 Alfageme I, Munoz F, Pena N, Umbria S. Empyema of the
thorax in adults. Etiology, microbiologic findings, and
management. Chest 1993; 103: 839–843.

7 Colice GL, Curtis A, Deslauriers J, et al. Medical and
surgical treatment of parapneumonic effusions. An
evidence-based guideline. Chest 2000; 18: 1158–1171.

8 Jacobaeus HC. Die Thorakoskopie und ihre praktische
Bedeutung. [Thoracoscopy and its practical application.]
Ergeben Ges Med 1925; 7: 112–166.

9 Boutin C, Viallat JR, Aelony Y. Practical Thoracoscopy.
Berlin, Springer, 1991.

10 Loddenkemper R, Boutin C. Thoracoscopy: present diag-
nostic and therapeutic indications. Eur Respir J 1993; 6:
1544–1555.

11 Mathur PN, Loddenkemper R. Medical thoracoscopy. Role
in pleural and lung diseases. Clin Chest Med 1995; 16:
487–496.

12 Loddenkemper R. Thoracoscopy – state of the art. Eur
Respir J 1998; 11: 213–221.

13 Light RW, MacGregor MI, Ball WCJ, Luchsinger PC.
Diagnostic significance of pleural fluid pH and PCO2.
Chest 1973; 64: 591–596.

14 Light RW, Girard WM, Jenkinson SG, George RB.
Parapneumonic effusions. Am J Med 1980; 69: 507–512.

15 Potts DE, Taryle DA, Sahn SA. The glucose–pH relation-
ship in parapneumonic effusions. Arch Intern Med 1978;
138: 1378–1380.

16 Heffner JE, Brown LK, Barbieri C, DeLeo JM. Pleural fluid
chemical analysis in parapneumonic effusions. A meta-
analysis. Am J Respir Crit Care Med 1995; 151: 1700–1708.

17 Idell S, Girard W, Koenig KB, McLarty J, Fair DS.
Abnormalities of pathways of fibrin turnover in the human
pleural space. Am Rev Respir Dis 1991; 144: 187–194.

18 Sasse SA, Jadus MR, Kukes GD. Pleural fluid transforming
growth factor-b1 correlates with pleural fibrosis in experi-
mental empyema. Am J Respir Crit Care Med 2003; 168:
700–705.

19 Patz EF Jr. Goodman PC, Erasmus JJ. Percutaneous
drainage of pleural collections. J Thorac Imaging 1998; 13:
83–92.

20 Ulmer JL, Choplin RH, Reed JC. Image-guided catheter
drainage of the infected pleural space. J Thorac Imaging
1991; 6: 65–73.

21 Sasse S, Nguyen T, Teixeira L, Light R. The utility of daily
therapeutic thoracentesis for the treatment of early
empyema. Chest 1999; 116: 1703–1708.

G.F. TASSI ET AL. ADVANCED TECHNIQUES IN MEDICAL THORACOSCOPY

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 28 NUMBER 5 1057



22 Storm HK, Krasnik M, Bang K, Frimodt-Moller N.
Treatment of pleural empyema secondary to pneumonia:
thoracocentesis regimen versus tube drainage. Thorax 1992;
47: 821–824.

23 Maskell NA, Davies CW, Nunn AJ, et al. UK controlled
trial of intrapleural streptokinase for pleural infection. N
Engl J Med 2005; 352: 865–874.

24 Davies RJO, Traill ZC, Gleeson FV. Randomised controlled
trial of intrapleural streptokinase in community acquired
pleural infection. Thorax 1997; 52: 416–421.

25 Bouros D, Schiza S, Tzanakis N, Chalkiadakis G, Drositis J,
Siafakas N. Intrapleural urokinase versus normal saline
in the treatment of complicated parapneumonic effusions
and empyema. Am J Respir Crit Care Med 1999; 159:
37–42.

26 Thomson AH, Hull J, Kumar MR, Wallis C, Balfour Lynn
IM. A randomised trial of intrapleural urokinase in the
treatment of childhood empyema. Thorax 2002; 57; 343–347.

27 Diacon AH, Theron J, Schuurmans MM, Van der Wal BW,
Bollinger CT. Intrapleural streptokinase for empyema and
complicated parapneumonic effusions. Am J Respir Crit
Care Med 2004; 170: 49–53.

28 Silen ML, Naunheim KS. Thoracoscopic approach to the
management of empyema thoracis. Indications and results.
Chest Surg Clin N Am 1996; 6: 491–499.

29 Waller DA. Thoracoscopy in management of postpneu-
monic pleural infections. Curr Opin Pulm Med 2002; 8:
323–326.

30 Ridley PD, Braimbridge MV. Thoracoscopic debridement
and pleural irrigation in the management of empyema
thoracis. Ann Thorac Surg 1991; 51: 461–464.

31 Sendt W, Forster E, Hau T. Early thoracoscopic debride-
ment and drainage as definite treatment for pleural
empyema. Eur J Surg 1995; 161: 73–76.

32 Harris RJ, Kavuru MS, Rice TW, Kirby TJ. The diagnostic
and therapeutic utility of thoracoscopy. A review. Chest
1995; 108: 828–841.

33 Colt HG. Thoracoscopy. A prospective study of safety and
outcome. Chest 1995; 108: 324–329.

34 Soler M, Wyser C, Bolliger CT, Perruchoud AP. Treatment
of early parapneumonic empyema by ‘‘medical’’ thoraco-
scopy. Schweiz Med Wochenschr 1997; 127: 1748–1753.

35 Kohman LJ. Thoracoscopy for the evaluation and treat-
ment of pleural space disease. Chest Surg Clin N Am 1994;
4: 467–479.

36 Yim AP. Paradigm shift in empyema management. Chest
1999; 115: 611–612.

37 Huang HC, Chang HY, Chen CW, Lee CH, Hsiue TR.
Predicting factors for outcome of tube thoracostomy in
complicated parapneumonic effusion for empyema. Chest
1999; 115: 751–756.

38 Wait MA, Sharma S, Hohn J, Dal Nogare A. A randomized
trial of empyema therapy. Chest 1997; 111: 1548–1551.

39 Cassina PC, Hauser M, Hillejan L, Greschuchna D,
Stamatis G. Video-assisted thoracoscopy in the treatment
of pleural empyema: stage-based management and out-
come. J Thorac Cardiovasc Surg 1999; 117: 234–238.

40 Lawrence DR, Ohri SK, Moxon RE, Townsend ER,
Fountain SW. Thoracoscopic debridement of empyema
thoracis. Ann Thorac Surg 1997; 64: 1448–1450.

41 Waller DA, Rengarajan A. Thoracoscopic decortication: a
role for video-assisted surgery in chronic postpneumonic
pleural empyema. Ann Thorac Surg 2001; 71: 1813–1816.

42 Angelillo Mackinlay TA, Lyons GA, Chimondeguy DJ,
Piedras MA, Angaramo G, Emery J. VATS debridement
versus thoracotomy in the treatment of loculated post-
pneumonia empyema. Ann Thorac Surg 1996; 61:
1626–1630.

43 Sasse SA. Parapneumonic effusions and empyema. Curr
Opin Pulm Med 1996; 2: 320–326.

44 Landreneau RJ, Keenan RJ, Hazelrigg SR, Mack MJ,
Naunheim KS. Thoracoscopy for empyema and hemo-
thorax. Chest 1996; 109: 18–24.

45 Weissberg D, Refaely Y. Pleural empyema: 24-year
experience. Ann Thorac Surg 1996; 62: 1026–1029.

46 Striffeler H, Ris HB, Wursten HU, Hof VI, Stirnemann P,
Althaus U. Video-assisted thoracoscopic treatment of
pleural empyema. A new therapeutic approach. Eur J
Cardiothorac Surg 1994; 8: 585–588.

47 Angelillo-Mackinlay T, Lyons GA, Piedras MB, Angelillo-
Mackinlay D. Surgical treatment of postpneumonic
empyema. World J Surg 1999; 23: 1110–1113.

48 Reynard C, Frey JG, Tschopp JM. Thoracoscopie en
anesthésie locale dans le traitement des empyèmes: une
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