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Diseases of the pleural space are common. In this
review we discuss the pathophysiology, diagnosis, and
treatment of pneumothorax, pleural effusion, and
empyema.

Methods
We searched Medline (1966 to 1999), standard
textbooks of thoracic surgery, and life support manuals
for articles that answered questions that in our experi-
ence non-specialists commonly ask of specialists in the
diagnosis and management of pneumothorax, pleural
effusion, and empyema.

The pleural space
The pleura is a thin serous layer, which covers the lungs
(visceral pleura) and is reflected, by way of the lung hila,
on to the chest wall and pericardium (parietal pleura).
The pleural space thus created extends from the root
of the neck, 3 cm above the mid-point of the clavicle,
down behind the abdominal cavity, in the costodia-
phragmatic recess, to the 12th rib overlying the kidney.1

Only a thin layer of pleural fluid separates the parietal
and visceral pleura. The parietal layer secretes 2400 ml
of fluid daily, which is resorbed by the visceral layer.2

Maintenance of negative intrapleural pressure is
necessary for respiration.

Pneumothorax
Pneumothorax describes air within the pleural cavity.
Pneumothorax may be spontaneous, secondary to an
underlying disease such as emphysema or asthma,
traumatic, or iatrogenic. “Spontaneous” pneumothora-
ces usually arise from rupture of small subpleural
blebs.3 After the first spontaneous pneumothorax there
is a 10% chance of recurrence,4 and after a second
pneumothorax this increases to 40%.5

Clinical presentation
Patients with pneumothorax present with pleuritic
pain or breathlessness, or both, which can be life
threatening especially if the pneumothorax is under
tension. On examination, expansion and breath
sounds are reduced and the percussion note is hyper-
resonant. Tracheal shift away from the affected side
indicates tension. Plain chest radiography shows lung
collapse and air in the pleural space. There may be

concomitant haemothorax caused by bleeding from
adhesions between visceral and parietal pleura, which
tear when the lung deflates.6

Management
Tension pneumothorax should be immediately
decompressed by needle thoracocentesis through the
second interspace in the mid-clavicular line.7 It is dan-
gerous to await confirmation by radiography if tension
is suspected.

A first pneumothorax without dyspnoea in a
patient without chronic lung disease can be managed
by observation. The presence of dyspnoea or underly-
ing lung disease requires needle aspiration of the air.8

Patients with associated haemothorax, with recently
decompressed tension pneumothoraces, on ventila-
tors, or who have had unsuccessful conservative
treatment should all be treated by chest drainage.8

Summary points

After a second spontaneous pneumothorax there
is a 40% chance of recurrence; video assisted
thoracoscopic bullectomy and pleurodesis is the
treatment of choice

Needle decompression (second interspace,
mid-clavicular line) is the best treatment for
suspected tension pneumothorax

Ultrasonography is helpful in cases of pleural
effusion

A chest drain should be inserted in cases of
exudative (protein content greater than 3 g/l)
pleural effusion that recur after aspiration, or in
parapneumonic effusions when the pH is less
than 7.2 or the glucose concentration is less than
3.33 mmol/l

A chest drain should be inserted for early
empyema

Late presenting empyema should be treated by
decortication if the patient is fit, but patients who
are unfit for major surgery should receive
thrombolytic instillation or thoracostomy
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Inserting chest drains
The insertion of chest drains has been discussed in
many texts,7 9 10 but the importance of the insertion site
and the blunt dissection and non-trocar technique
merit emphasis. Insertion should be within the
“triangle of safety” through the fifth interspace (fig 1).
This is level with the nipple in a man, and the root of
the breast in a woman. Insertion through lower spaces
carries the risk of entering the abdomen. Insertion with
sharp instruments carries a serious risk of injuring
intrathoracic or abdominal viscera.

Management of chest drains
If management of chest drains is optimal, 87%-91% of
spontaneous pneumothoraces can be managed without
surgery.11 12 Upon insertion the drain should be
connected to a one-way valve system. An underwater
seal is most commonly used, but the Heimlich valve is
useful outside the hospital or during transport. An
underwater seal will swing with respiration. It is
common practice to apply 2.5 to 5 kPa of suction to the
outlet from the underwater seal bottle. This is only
essential if the lung does not re-expand immediately or
if there is an incompletely drained haemopneumotho-
rax. In the presence of a noticeable air leak it is impor-
tant to ensure that any suction apparatus can remove
the volume of air leaked. If not it will prevent resolution
of the pneumothorax and may place it under tension.
Similarly, a drain with an air leak should never be
clamped. The underwater seal may not swing when suc-
tion is used, but the difference between the height of the
water in the bottle and the tube indicates the negative
pressure being applied to the pleural cavity. Figure 2
shows the subsequent management of a chest drain.

Patients with a previous pneumothorax (on either
side), emphysema, or who do not settle after one or two
weeks of effective conservative management should be
referred to a specialist centre.12 Pleurodesis through
the chest drain using talc, tetracycline, or autologous
blood may seal the leak.6 13 14

Patients who are fit are best treated by video
assisted thoracoscopic surgery (fig 3), with sealing of
the air leak and pleurectomy to prevent recurrence.15 16

This is effective in 93% of patients, with most treatment
failures evident within 30 days.17 In patients who are
unfit for surgery and who have persistent air leaks the
underwater seal may be changed to a flutter bag allow-
ing them to be mobilised and discharged.18

Pleural effusion
Pleural effusion describes fluid (transudative or exuda-
tive) within the pleural space. Transudates (protein
concentration less than 3.0 g/dl) are secondary to
underlying disease, such as heart failure, or medical
disorders leading to hypoalbuminaemia (for example,
cirrhosis, nephrotic syndrome, protein losing enter-
opathy). Usually there is evidence of the primary diag-
nosis. Exudates (protein concentration greater than
3.0 g/dl) are usually caused by infection (bacterial or
mycobacterial), malignancy, collagen vascular disease,
pancreatitis, or pulmonary embolism.19

Clinical presentation
Pleural effusions may be asymptomatic but if large
produce breathlessness or pain, or both. Breath

Fig 1 “Triangle of safety”: X shows preferred site for drain insertion
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Fig 2 Management of intercostal drain in pneumothorax

Fig 3 Apical bulla seen during video assisted bullectomy and
pleurodesis for pneumothorax
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sounds are reduced on the affected side, and the per-
cussion note is stony dull. Chest x ray film shows
blunting of the lateral costophrenic angle if more than
200-500 ml of fluid is present. As the volume of fluid
increases, the hemidiaphragm becomes obscured. The
upper margin of the opacity tends to be concave—that
is, higher laterally.

Differentiating consolidation of the lung from
pleural effusion on x ray film may be difficult. The pres-
ence of air bronchograms indicates a consolidated
lung. Pleural effusions, however, can be confirmed by
ultrasonography or by noting the shift of fluid on
lateral decubitus films. Ultrasonography is the method
of choice as a drainage site can be marked (or the fluid
drained) by the radiologist.20 It is important to note the
presence of any other intrapulmonary masses, hilar
lymphadenopathy, or pleural plaques, although these
may not be visible until after the effusion has been
drained.

Investigation and management
Having established radiologically that fluid is present, a
sample must be obtained for biochemical, microbio-
logical, and cytological analysis. If the patient is free of
symptoms, a sample can be obtained with a 21 gauge
needle and a 20 ml syringe. The patient is positioned
sitting up and leaning forwards over a bed table. Under
conditions of strict asepsis the effusion is tapped post-
eriorly in the mid-scapular line one interspace below
the upper limit of the dullness to percussion but above
the diaphragmatic reflection of the pleura.

If the patient has symptoms, the fluid should be
drained off. The technique is similar to needle
sampling but a 14 gauge intravenous cannula is used.
The stylet is removed and the cannula connected to a
closed pleural aspiration kit. All fluid is aspirated and
sent for analysis. If more than 1.5 litres of fluid is
obtained, fluid shifts can result in haemodynamic
instability or pulmonary oedema. This is, however, rare
in clinical practice.

Pleural fluid should be analysed for protein and
glucose concentration, pH, bacteria—including acid
fast bacilli—and cell content (three samples). If the fluid
appears chylous, more specialised analysis is required.21

About 80% of the time, cytology (three samples) iden-
tifies a malignant effusion22; false positives are rare.23

Closed needle biopsy of the pleura is best
performed early in the investigation of a pleural
exudate, at the time of drainage of the effusion.24 This
identifies 75% of cases of tuberculosis.25 The technique
is also useful if malignancy is suspected,26 and,
combined with cytology, 90% of cases will be
diagnosed.27 If mesothelioma is suspected video
assisted thoracoscopic surgery may be a more useful
technique.28

If the effusion is a transudate secondary to systemic
disease such as heart failure or nephrotic syndrome, it
will not resolve until the disease is treated. It may be
necessary to tap the effusion periodically to relieve
symptoms; prolonged chest drainage results in signifi-
cant protein and fluid losses.

Indications for insertion of chest drain
Patients with exudates not secondary to an underlying
systemic disease that recur after aspiration, or
parapneumonic effusions with a pH of less than 7.2

and a glucose concentration of less than 3.33 mmol/l,
require an intercostal drain.29 The same technique and
site is used as for pneumothorax.

Management of drain
Low suction (2.5-5 kPa) may be useful in the manage-
ment of these drains, but unlike a pneumothorax it can
be interrupted to allow mobilisation. The drain should
remain in place until less than 100 ml of fluid is being
drained per day. At this point the drain can be removed
if the underlying cause has been treated. There is no
need to clamp the drain. If, however, there is an under-
lying malignancy that has not been treated (or is
untreatable) then chemical pleurodesis with talc, bleo-
mycin,30 or tetracycline through the chest drain may be
beneficial. The drain is removed when the lung is
expanded and less than 100 ml of fluid is being drained
per day. In some patients it takes many weeks for the
drainage to settle, in which case the patient can be dis-
charged home with the drain connected to a flutter
bag. If the lung fails to expand (this may occur with
mesothelioma or malignant effusions) a pleuroperito-
neal shunt may be necessary.31

Empyema
Empyema describes pus within the pleural space.
Causes of empyema may be parapneumonic, occur
after trauma or surgery, or be associated with
malignancy. Anaerobic bacteria, usually streptococci or
Gram negative rods, are responsible for 76% of cases.32

Clinical presentation
Presentation varies from fulminant sepsis to dull pain
and shortness of breath. Empyema often occurs after
an episode of pneumonia. Initial investigation by plain
chest radiography may show features suggestive of
pleural fluid and underlying consolidation (fig 4).
Radiography may also show an abscess cavity with
fluid, which can be confused with an intrapulmonary
abscess. Computed tomography is usually required to
differentiate the two. Ultrasonography is helpful in
most cases of suspected empyema. It can confirm the
presence of pleural fluid and determine if the fluid is
suitable for needle aspiration or, if there is debris
within the fluid, formal drainage.

Management
Patients who present early, before the pus is loculated
and a fibrinous peel has formed on the lung, are
treated by simple drainage. Decortication is usually
curative if the empyema is advanced beyond this or if
simple drainage fails. The fibrinous peel is removed
from the lung, allowing it to expand and obliterate the
abscess cavity. This is a major operation requiring sin-
gle lung anaesthesia, and many patients with cardiac or
underlying lung disease will not tolerate it. In many
centres video assisted thoracoscopic surgery is used
routinely to accomplish decortication.33

Patients who are unfit for a major procedure may
be treated by thrombolytic instillation or by thoracos-
tomy, which drains the abscess via a small incision in
the chest wall.34 35 Usually part of a rib is resected, and a
large tube drain is placed in the cavity. Since the
abscess cavity is walled off from the rest of the pleural
space, it can be left open to atmospheric pressure.

Clinical review

1320 BMJ VOLUME 320 13 MAY 2000 bmj.com



Usually a thick gauze dressing or a stoma bag is placed
over the drain to catch the exudate. The abscess cavity
gradually collapses down around the drain, which is
periodically shortened. Antibiotics have little part to
play. The cavity may take several months to close, so
patients are usually managed at home.

Conclusion
Most patients with pneumothorax and pleural effusion
can be managed by non-specialists using simple
techniques. Needle thoracocentesis is the treatment of
choice for tension pneumothorax. All doctors should
be aware of this as tension pneumothorax can present
anywhere—in the street, in patients’ homes, or even at
36 000 feet.36

Patients with empyema may require prolonged
specialist treatment. Although most patients can be
treated expediently some will spend several months at
home with a chest drain or thoracostomy and receive
shared care from a district nurse, doctor, and
cardiothoracic surgeon.
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Fig 4 Chest x ray film of patient with empyema showing
consolidation and pleural fluid

Endpiece
Medicine: Art or science?
Every science touches art at some points—every art
has its scientific side; the worst man of science is he
who is never an artist, and the worst artist is he
who is never a man of science. In early times,
medicine was an art, which took its place at the side
of poetry and painting; today they try to make a
science of it, placing it beside mathematics,
astronomy, and physics.

Armand Trousseau, Lectures on Clinical Medicine
(vol 2), The New Sydenham Society, 1869.
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retired physician, London
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