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ABSTRACT

Pleural empyema is caused by the accumulation of purulent content in the pleural cavity. In recent years,

a higher incidence of pleural empyema in children has been observed. Pleural empyema is usually caused by

the passage of infection from inflamed pulmonary tissue. The appropriate medical imaging and laboratory

tests, including microbiological examination of the pleural cavity contents, enable the initiation of proper

methods of treatment. Depending on the clinical condition of the patient, variable methods of treatment are

used, such as: antibiotic therapy with simultaneous systemic therapy, thoracentesis, pleural cavity drainage

with optional intrapleural fibrinolysis, thoracoscopic debridement of the accumulated effusion and fibrin

accumulation, as well as lung decortication via open surgery or by thoracoscopic technique.
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INTRODUCTION

Pleural empyema is the cause of hospitalisation of
0.6-3% of children [1]. Seventy per cent of cases are re-
ported in infants and young children under four years of
age [1]. The mortality rates due to pleural empyema in
children stand at 8% [1, 2].

The aim of the study is to discuss the pathophysiology,
symptoms, diagnosis, and treatment of empyema in chil-
dren, including current therapeutic trends and modern
surgical techniques.

DEFINITION AND CLASSIFICATION

Pleural empyema (empyema pleurae) is an accumula-
tion of purulent content within the pleural cavity [1, 3-5].
The cause of this disease is usually the spread of inflam-
mation from infected adjacent lung tissue [1, 3, 6, 7].

There are three stages of clinical progression of pleural
empyema:

ADDRESS FOR CORRESPONDENCE:

« stage I: exudative - in the case of contagion of effusion
accumulated in the pleural cavity (1-4 days);

« stage II: fibrinopurulent - in which the purulent fluid,
with a high content of polymorphonuclear cells and
fibrin, accumulates in the pleural cavity. The presence
of septations and loculations of the empyema is typi-
cal at this stage (5-14 days);

o stage III: the stage of the organisation of the empyema
— pleural stratification becomes thicker and stiff, which
causes a growing impairment of respiratory move-
ments (2-4 weeks). In case of significant progression,
massive pleural adhesions are formed (fibrothorax)
1,3, 5, 8-10].

ANATOMY AND PHYSIOLOGY OF THE PLEURA

The pleura is a serous membrane covering the lung,
consisting of two layers: the parietal pleura, which coats
the inside of the chest, and the pulmonary pleura (also
known as the visceral pleura) surrounding the surface of
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the lung [11]. These two laminae enclose a narrow pleu-
ral cavity, which, under normal conditions, is a potential
space [11]. At physiological condition, it contains only
a few millilitres of serous fluid, the volume of which is
defined as 0.1-0.2 ml/kg of body weight [4, 12]. This flu-
id moistens the pleura and it allows pleural laminae to
slide against each other without friction during breathing
movements [11, 13].

PATHOPHYSIOLOGY

In the case of various disease processes, the produc-
tion of the fluid may be increased or its absorption may
be impaired [4, 9]. Fluid accumulating in the pleura in
the case of non-inflammatory diseases is called transu-
date (e.g. in the course of cardiovascular diseases, hypo-
proteinaemia, systemic diseases) [4, 5, 6, 9]. Conversely,
the fluid appearing in the pleural cavity as a result of
inflammatory or cancerous processes is called exudate
[4-6]. In the case of fluid accumulation in the pleural
cavity, initially the main symptoms reported by the pa-
tient are chest pain, which increases during respiratory
movements, and inconvenient cough [1, 6]. As the vol-
ume of effusion increases, the pleural laminae spread out,
which reduces pain. A rising volume of fluid causes also
a progressive dyspnoea [6]. In the case of inflammatory
processes, symptoms of the main disease coexist, such
as high fever or productive cough with mucopurulent
secretion [1, 6].

The most common cause of pleural empyema in chil-
dren is the spread of infection by continuity from the in-
fected lung, which is called pleuropneumonia [1, 3, 6, 7,
9]. The less frequent causes include infection of initially
sterile effusion or haemothorax, evacuation of the lung
abscess to the pleural cavity, haematogenous infections,
chest trauma, postsurgical complications or passage of
an inflammatory process from the chest wall, subphrenic
region, or mediastinum [1, 3, 7].

Staphylococcus aureus, Streptococcus pneumoniae,
Streptococcus pyogenes, Streptococcus milleri, and Hae-
mophilus influenzae are the most common pathogens
causing pleural empyema [14-18]. However, Gram-neg-
ative bacteria (Pseudomonas aeruginosa, Escherichia coli,
Klebsiella pneumoniae, and Proteus spp.) predominate in
hospital-acquired infections [14, 17].

SYMPTOMS

The increasing volume of effusion in the pleural
cavity leads to lung compression, dyspnoea symptoms,
and resulting respiratory failure [1, 4]. Typical pleuri-
sy symptoms are: pyrexia, cough, dyspnoea, chest pain
increasing with breathing, tachycardia, and tachypnoea
(1,4, 6].

PHYSICAL EXAMINATION

The accumulation of fluid in the pleural cavity gives
symptoms such as:
o weakening or disappearance of voice tremor,
o suppression of percussion sound in the area occupied
by the effusion,
«  attenuation or elimination of respiratory noise [6].
In the initial period of inflammation, when the in-
flamed pleural layers rub against each other, pleural fric-
tion may be heard [6]. Rhonchi and crepitation caused by
the main disease of the lung tissue or by atelectasis of the
pulmonary parenchyma induced by its compression may
be heard above the rest of the lung fields [6].

DIAGNOSTICS OF PLEURAL EMPYEMA

MEDICAL IMAGING

The basic diagnostic examination used in medical im-
aging in the case of suspected pleural empyema is chest
radiograph in the posteroanterior projection and, in the
case of diagnostic doubts, in the lateral projection [1, 4,
9, 19]. Free fluid in the pleural cavity manifests as a ho-
mogeneous shading, starting from the lower parts of the
lung, making a characteristic pattern according to the
Ellis-Damoiseau line (Fig. 1A) [6]. The more accumu-
lated the effusion, the greater the area of shading in the
radiological image. It should be noted that X-ray shows
the presence of fluid if its volume is greater than 200 ml
in the posteroanterior projection and 50 ml in the lateral
projection [12].

Diagnostic difficulties may occur in the case of isolat-
ed fluid accumulation in the interlobar fissure (interlobar
pleuritis), between the base of the lung and the diaphragm
(diaphragmatic pleuritis), and in the mediastinal pleura
(mediastinal pleuritis). In ambiguous cases, the diagnosis
can be confirmed by computed tomography, which allows
accurate location of the accumulated fluid, estimation of
its volume and density, and visualisation of septations and
multiloculations of empyema [1, 4, 9, 20]. Chest CT is also
very useful for differential diagnosis with pulmonary in-
flammatory infiltration, pulmonary abscess, or pulmonary
tumours. Currently, ultrasound diagnosis of the pleural
cavity is appreciated [4, 6, 14, 19]. Ultrasound allows us
to detect effusion in a volume less than 100 ml, helps to
precisely locate the effusion and assess the thickness of
the fluid layer, and reveals the fibrin septations and em-
pyema loculations [4, 6, 14]. Ultrasonography also allows
for a controlled puncture of the pleural cavity [1, 4, 6, 14].

LABORATORY TESTS

In the abnormalities of the basic blood tests, leukocy-
tosis with neutrocytosis, elevated erythrocyte sedimenta-
tion rate (ESR), and positive reactions to C-reactive pro-
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FIGURE 1. Medical imaging. A) Radiograph of the chest in the PA projection — effusion in the left pleural cavity. B) Ultrasound image of a left

pleural cavity — free fluid over the hemidiaphragm

tein (CRP) are found, but these tests are not specific for
this disease entity [6, 21].

PLEURAL FLUID EXAMINATION

Pleural fluid can be obtained by puncture of the pleu-
ral cavity, pleural drainage, or during surgery (thoraco-
scopy) [13, 14]. During the preliminary macroscopic
assessment, the colour and transparency of the effusion
should be assessed [13]. Transudate fluid is yellow and
clear, while the inflammatory exudate becomes cloudy. In
the case of a severe stage of the inflammatory process, the
exudative effusion takes on a purulent appearance - it is
dense, cloudy, and cream-colored [12]. After preliminary
macroscopic estimation, the obtained material should be
relayed for biochemical and microbiological tests, and in
the case of suspicion of a proliferative process it can be
submitted for cytological examination [22].

BIOCHEMICAL EXAMINATION

Pleural fluid in its composition contains components
similar to plasma, but in different, variable proportions.
Depending on the biochemical composition, the pleu-
ral fluid is referred to as transudate or exudate [4, 6, 9].
The basic differentiating element is the concentration of
protein — the exudate fluid contains > 3.5 mg/dl, and the
transudate fluid < 2.5 mg/dl [5, 6, 9, 14]. A more precise
biochemical evaluation of pleural effusion is based on
Light’s criteria (Table 1) [22].

Biochemical examination of pleural fluid in the case
of parapneumonic infection is highly relevant. In the ear-
ly exudative stage the preponderance of neutrophils is
observed, with glucose level in pleural fluid greater than
60 mg/dl, pH above 7.20, and lactic acid dehydrogenase
(LDH) less than three times above the upper limit of nor-
mal in serum (often < 1000 U/1). In this stage parapneu-

TABLE 1. Light’s criteria

A pleural effusion is probably exudative if at least one

of the following criteria exist

The ratio of pleural fluid protein to serum protein is greater than 0.5

The ratio of pleural fluid LDH to serum LDH is greater than 0.6

Pleural fluid LDH is greater than 233 times the normal upper limit
for serum

monic eftfusion is called “uncomplicated”. Whereas in the
fibrinopurulent stage, the parameters of the pleural fluid
are changed - typically for this the stage glucose level is
below 60 mg/dl, pH is less than 7.20, and the pleural LDH
level is more than three times over the upper limit of nor-
mal in serum (often > 1000 U/1); then the parapneumonic
effusion is called “complicated”

MICROBIOLOGICAL EXAMINATION

After obtaining fluid from the pleural cavity, the ma-
terial should be microbiologically tested to detect patho-
genic microorganisms [3, 6, 9]. If the presence of bacteria
is confirmed, their sensitivity to antibiotics (antibiogram)
is determined [6, 17]. In the case of suspected tuberculous
pleurisy, the fluid can also be examined for the presence
of Mycobacterium tuberculosis [9, 23-25].

CYTOLOGICAL EXAMINATION

Cytological examination of pleural effusion is car-
ried out to determine the type and number of morphotic
cells and the possible presence of neoplastic cells [12]. In
the exudate caused by Mycobacterium tuberculosis, there
are an increased number of lymphocytes, while in other
bacterial effusions an increased number of neutrophils is
observed [9, 23].
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TREATMENT OF PLEURAL EMPYEMA

In 1918, Graham et al. established the principles of
treatment of pleural empyema, which assumed the fol-
lowing: decompression of accumulated purulent con-
tent from the pleural cavity, efforts to early sterilise and
overgrow the empyema cavity and improve the patient’s
nutritional status [1, 14, 26]. They remain unaltered.
A significant improvement in the treatment of pulmo-
nary infections and pleural empyema was caused by the
introduction of antibiotic therapy in the 1940s [1, 6, 14].

Currently, the three main principles of pleural empy-
ema treatment are:

o evacuation of exudate from the pleural cavity,

o targeted antibiotic therapy,

o supportive treatment (physiotherapy, nutritional
treatment, etc.) [1, 5, 14].

In most cases of pleural empyema antibiotic therapy
starts as empirical with broad-spectrum antibiotics [27,
28]. Penicillin combined with B-lactamase inhibitors
and third-generation cephalosporins are most common-
ly used because of their good penetration of the pleural
space [6, 27, 28]. In the case of reasonable suspicion of
infection caused by atypical pathogens, macrolide anti-
biotics are indicated [27, 28]. When suspected of meth-
icillin-resistant Staphylococcus aureus infections, vanco-
mycin or linezolid is required [6, 28]. Broad-spectrum
antibiotic therapy is continued until the presence of
bacteria in pleural fluid or blood is confirmed and their
sensitivity to antibiotics is determined, then targeted an-
tibiotic therapy is administered [6, 27].

Debridement of the pleural cavity from purulent con-
tent, in addition to removing the infectious agent, results
in lung expansion and improvement of lung ventilation
[5, 14]. This significantly influences on the shortening of
the treatment time of the pulmonary-pleural infection,
improves the general health condition, and allows quick
recovery of the patient [1, 5, 14, 29-31]. Techniques of
decompression of the pleural cavity are: thoracentesis,
pleural cavity drainage, and thoracoscopy [3, 6, 14].

THORACENTESIS

The method combining the diagnosis and treatment
is puncture of the pleural cavity (thoracentesis, thoraco-
centesis, pleural aspiration). It allows the decompression
of fluid accumulation from the pleural cavity and gives
material for further biochemical, bacteriological, and cy-
tological examination [3, 9, 14]. This procedure should be
performed in a hospital environment with the principles
of asepsis [32]. Incompetent pleural puncture can lead to
serious complications, such as:

o injury of the intercostal neurovascular bundle,
«  pneumothorax due to mechanical lung injury,
o  formation of a bronchopleural fistula,

«  bleeding into the pleural cavity (haemothorax),

+  injury of the diaphragm, liver, or spleen in the case of
incorrect selection of the puncture place,

o acute circulatory failure caused by fast decompres-
sion of a large amount of fluid from the pleural cavity
3, 4, 32].

Thoracentesis may be performed under local anaes-
thesia; however, in children it should be performed in
sedation and analgesia due to limited cooperation of the
patient [14, 32]. In the case of punctures for fluid de-
compression, the puncture is usually performed in the
sixth or seventh intercostal space in the mid or posteri-
or axillary line [32]. In doubtful cases, the puncture can
be performed under ultrasound control [3, 14, 32]. To
avoid injury of the intercostal vessels, the puncture needle
should be inserted on the upper edge of the rib [32]. The
insertion of the needle should be continued until percep-
tible puncture of the pleural wall. Fluid aspiration con-
firms the correct position of the needle. Attention must be
paid to the depth at which the puncture needle is insert-
ed into the pleural cavity, to avoid lung injuries (a patch,
a drain tube, a surgical instrument, or a second hand can
be used) [32]. Currently, also prepared kits for puncture
of the pleural cavity are available.

DRAINAGE OF THE PLEURAL CAVITY

Indications for drainage performance, place of inser-
tion of the drain, and possible complications are simi-
lar to those of pleural cavity puncture [3, 9]. Drainage is
usually inserted in the case of suspected purulent fluid,
presence of large amounts of effusion, co-occurring pneu-
mothorax, or in the absence of success of treatment with
repetitive pleural punctures [3, 9]. In children, this pro-
cedure is usually performed under general anaesthesia,
although in older patients it is possible to perform the
procedure under local anaesthesia.

The drain is placed into the pleural cavity using basic
surgical instruments (scalpel, tweezers, preparation for-
ceps) [32]. After the incision of the skin, a channel in the
intercostal space should be prepared, through which the
drain will be inserted. Afterwards, insert the forceps into
the pleural cavity and place the end of the drain through
the prepared canal; the drain is slid in to the appropriate
depth [32]. An alternative is a specially prepared kit, in
which the drain is connected to the trocar (Fig. 2).

It is important to properly fix the drain, to prevent
movements and avoid its spontaneous removal [32]. After
inserting the drain into the pleural cavity, it should be
connected to a bottle drainage system or to a chest tube
drainage system and then connected to a suction source
(if suction drainage is required) or left as an underwater
seal drainage [6, 32]. In many hospitals drainage of the
pleural cavity is still the basic method of pleural empyema
treatment, especially in its early stage [1, 3, 6, 33]. How-
ever, in the case of an advanced stage of disease, classical
pleural cavity drainage may be ineffective [1, 3, 6, 33, 34].
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It is usually caused by the presence of dense purulent se-
cretion, accumulation of fibrin layers, and the formation
of septations and loculations [1, 3, 6].

THORACOSCOPY

In recent years, the use of early thoracoscopic inter-
vention in the treatment of pleural empyema has been
growing in popularity [33-37]. The introduction of the
thoracoscope to the pleural cavity enables precise as-
sessment of the empyema, separation of septations and
connection of the empyema loculations, evacuation of
purulent content, pleural stratifications and fibrin con-
glomerates, as well as lung decortication [3, 35, 37, 38].
Other advantages of thoracoscopy include the possibil-
ity of precise placement of the drain tube under optical
control and collection of specimens for histopathological
examination, which in some cases accelerates the diag-
nosis and allows effective treatment (e.g. in tuberculosis)
[1,9, 23, 25, 37]. Thoracoscopy in first and second stage
of empyema is a procedure of low invasiveness, is relative-
ly technically simple, and has risk comparable to classi-
cal pleural cavity drainage [1, 34, 39]. In advanced cases,
thoracoscopy allows for efficient partial or total lung de-
cortication, which results in improvement of respiratory
movements [1, 34, 37, 38, 40]. Minimal invasiveness of
the method encourages an earlier decision about the im-
plementation of surgical intervention, because the best
results of treatment are obtained in the early stages of the
disease [1, 22, 27, 33-35, 37-39, 41].

The thoracoscopic procedure is performed with the
patient lying on the side opposite to the one affected with
pleural empyema [35, 36]. The place of insertion of tro-
cars is determined by analysis of chest radiograph, com-
puted tomography, and ultrasound examination results
[27, 35, 36]. First, an optical trocar is inserted, which is

s

FIGURE 2. Drainage of the pleural cavity. A) Proper insertion of the pleural drainage (a — skin, b — subcutaneous tissue, ¢ — chest wall,
d — parietal pleura, e — empyema cavity, f — lung, g — drain tube, h —rib, i — intercostal neurovascular bundle). B) Chest tube drainage system

usually introduced through the sixth or seventh intercos-
tal space in the mid or posterior axillary line (Fig. 3) [35].

After the incision of the skin, the muscles should be
stratified, and then the preparative forceps should be in-
serted into the pleural cavity, after which the thoracoport
or a typical laparoscopic trocar is introduced to the pleu-
ral cavity [35]. Sufficient operational space is achieved
by producing positive pressure in the pleural cavity by
carbon dioxide insufflation. Afterwards the thoracoscope
is introduced through the optical trocar, which allows in-
spection of the empyema loculation [27, 35]. After the op-
tical control of the pleural cavity (Figs. 4A-4C), an exact
clearance can be performed, consisting of the evacuation
of accumulated purulent fluid and fibrin stratifications,
separation of adhesions, and connection of empyema lo-
culations, which gives improvement of respiratory move-
ment [27, 35, 36]. In cases of significant progression of
the disease process, when it is necessary to perform lung
decortication, and when access to all the empyema locula-
tions from one trocar is difficult, it is possible to introduce
a second (and possibly third) instrumental trocar [35].
Thoracoscopy enables purulent content to be obtained for
bacteriological examinations as well as fibrin stratifica-
tion and pleural specimens for histopathological exam-
ination (Figs. 4D, 4E) [27, 34, 35]. A drain tube can be

FIGURE 3. Typical arrangement of optical and instrumental trocars
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FIGURE 4. Intraoperative images: A) empyema in the 1% stage, B) empyema in the 2"stage, C) empyema in the 34stage, D) lavage of pleural
cavity, E) pleural biopsy, F) placement of drain tube under optical control

placed in the pleural cavity under optical control (Fig. 4F)
[27, 35, 37].

FIBRINOLYSIS

In the case of abundant stratification of fibrin in the
pleural cavity, there is the possibility of including in-
trapleural fibrinolytic therapy [15, 42-45]. For this pur-
pose, the system of two drains can be placed in the pleural
cavity, which allows repetitive lavage of the pleural cavi-
ty. The first generation of fibrinolytics are streptokinase,
streptodornase, urokinase, and distreptase (a mixture of
the enzymes streptokinase and streptodornase). Recent-
ly, the tissue activator of fibrinogen, alteplase, also has
a great appreciation [9, 42]. Fibrinolytics are administered
every 24 hours (4 mg of tissue plasminogen activator in
40 ml of saline) [15] with closing the decompressive drain

tube for 1-2 hours [42]. It has been proven in randomised
controlled trials that treatment with pleural drainage and
fibrinolysis is as effective as video-assisted thoracic sur-
gery debridement [15]. The combination of these two
therapeutic methods could be more effective, especially
in severe (III stage) pleural empyema. Fibrinolytic ther-
apy can be more effective if it is preceded by mechanical
decortication of thick pleural fibrin stratifications, and the
combination of thoracoscopic technique with subsequent
intrapleural fibrinolysis can significantly improve the ef-
fects of treatment [35, 43, 46-49]. Fibrinolysis might be
continued for 3-6 doses [42, 44, 45].

OPEN THORACOTOMY WITH PLEURECTOMY

Due to the increasing availability of the minimally
invasive thoracoscopic method, open pleurectomy and
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extensive decortication is currently finding less use in
the treatment of pleural empyema (8, 31, 33, 35, 39, 41,
50-52]. Even in cases with significant progression of the
disease process with the formation of thick pleural strati-
fications and development of fibrothorax, the necessity of
intervention via thoracotomy is currently extremely rare
[8,9, 35, 36, 50, 53]. Also, with the coexistence of bron-
chopleural fistulas or necrotic and cirrhotic lesions of the
lung, resulting in the necessity of resection of pulmonary
tissue, this procedure is performed with an increasing
frequency using the thoracoscopic method, which is less
inconvenient for the patient [8, 35, 36, 39, 47, 51, 54].

CONCLUSIONS

The primary treatment of pleural empyema is the
implementation of appropriate antibiotic therapy and
debridement of the pleural cavity from accumulated
inflammatory content — effusion or pus. It should be
emphasised that the use of drainage for this purpose is
a correct method of treatment and is still the basic meth-
od of pleural cavity decompression. Current technical
capabilities and the increasing experience of surgical
teams allow early implementation of thoracoscopy, which
definitely increases the efficiency of debridement of the
pleural cavity, especially in the case of multiloculated flu-
id collection. Fibrinolytic therapy may improve treatment
outcomes, especially in advanced cases. Interdisciplinary
cooperation and the implementation of appropriate treat-
ment (paediatric, pulmonological, physiotherapeutic, and
in some cases intensive respiratory therapy) is extremely
important.
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