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Summary. The incidence of empyema complicating community-acquired pneumonia is increas-

ing and causes significant childhoodmorbidity. Pneumococcal infection remains themost common

isolated cause in developed countries, with Staphylococcus aureus the predominant pathogen in

thedevelopingworld.Newermolecular techniques utilizing thepolymerase chain reactionhave led

to an increase in identification of causative bacteria, previously not isolated by conventional culture

techniques. This remains an important epidemiological tool, and may help in guiding correct

antibiotic use in the future. There are many treatment options, however, and the care a child

currently receives is dependent on local practice, which is largely determined by availability of

medical personnel and their preferences.Although therearemany reportedcaseseries comparing

treatment options, only two randomized controlled studies exist to guide treatment in children.

There is an urgent need for this to be addressed, particularly with the introduction of relatively

new surgical techniques such as video-assisted thorascopic surgery. Pediatr Pulmonol. 2005;

40:148–156. � 2005 Wiley-Liss, Inc.
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INTRODUCTION

The worldwide incidence of empyema is increasing,1–4

but it is clear that most children recover irrespective of the
treatment they receive. However, the recent publication of
guidelines on the management of pleural infection in
children by the British Thoracic Society5 (BTS; www.brit-
thoracic.org.uk) highlights the lack of grade A evidence
available to inform best management.6 The treatment
children currently receive is based on previous physician
experience and local biases, as well as availability of
trained personnel and equipment. The BTS guidelines
comprehensively reviewed the evidence available for
guiding the management of empyema, and for fear of
reinventing the wheel, the reader is encouraged to read
these guidelines in conjunction with this paper. This State
of the Art will discuss briefly the issues with regard to the
diagnosis of parapneumonic effusions and empyema
infection, and then discuss in greater detail the manage-
ment options available.

EPIDEMIOLOGY

It is estimated that 0.6% of childhood pneumonias
progress to empyema, affecting 3.3 per 100,000 children.3

Many studies suggested that the prevalence of empyema
complicating childhood pneumonia is increasing in both
the US and UK, although this is not universally reported.1–4

A recent survey from Texas suggested that the prevalence
has decreased, perhaps attributable to the local introduc-
tion of a polyvalent pneumococcal vaccine.7 The reason
for the generally reported increase in prevalence is
unknown. It may relate to a reduction in primary-care
antibiotic-prescribing to ‘‘chesty children,’’ most of
whom have viral colds but some of whom have early
bacterial pneumonia, thus missing an opportunity for early
treatment.6 The disease has significant morbidity in
childhood but rarely causes death, in comparison to adult
empyema, which has an estimated mortality of 20%.8

Therefore, data from adult studies should not be

1Portex Respiratory Medicine Group, Great Ormond Street Hospital for

Children, National Health System Trust and Institute of Child Health,

London, UK.

2Department of Paediatric Respiratory Medicine, Royal Brompton and

Harefield National Health System Trust, London, UK.
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extrapolated to children, who are almost always healthy
prior to the onset of pneumonia and empyema.

PATHOPHYSIOLOGY

Normally, the pleural space contains 0.3 ml of pleural
fluid per kilogram body weight. The pleural circulation is
finely balanced by secretion and absorption of pleural fluid
by lymphatic drainage. When this balance is disturbed by
infection, pleural fluid will accumulate. Infection results
in pleural inflammation with increased vascular perme-
ability, and an influx of bacteria and inflammatory cells
such as neutrophils. This inflammatory cascade is further
increased by cytokine release from mesothelial cells.9

Activation of the coagulation cascade leads to decreased
fibrinolysis and the deposition of fibrin, which cause the
classic loculations and peel formation seen in later stages.

DEFINING AND STAGING EMPYEMA

Parapneumonic effusions are pleural collections in
association with underlying pneumonia. The term emp-
yema is attributed to this fluid if it contains pus. The
American Thoracic Society further divided the empyema
process into three stages: 1) exudative, in which the
pleural fluid is low in cellular content; 2) fibrinopurulent,
in which frank pus is present and there is an increase in
white cells, and fibrin formation begins to cover the pleura
with the formation of loculations; and 3) organizing, in
which there is thick peel formation by fibroblasts and the
pleural space is characterized by a ‘‘very thick exudate
with heavy sediment.’’10 Hamm and Light added another
stage that precedes the exudative stage, which they termed
the ‘‘pleuritis sicca stage.’’11 In this stage, there is inflam-
mation of the pleura, manifested as chest pain and a pleural
rub, which may not necessarily proceed to the exudative
stage. In an attempt to help guide management, Hamm and
Light ascribed pH and lactate dehydrogenase (LDH)
levels to help define each stage.11 In the exudative stage,
the pH is normal and LDH is less than 1,000 IU. In the
fibrinopurulent stage, the pH is less than 7.2 and LDH is
greater than 1,000 IU. However, it must be noted that these
values are applicable to adult patients and have not been
properly validated in the pediatric population, although
some pediatric papers suggested that pH may be a useful
prognostic marker.12,13 The BTS guidelines felt there was
no place for routine biochemical analysis of pleural fluid
in guiding therapy in children.5

MICROBIOLOGY

The list of bacteria reported to have caused empyema
include streptococcal species, Staphylococcus aureus,
Haemophilus influenzae, Mycobacterium species, Pseu-
domonas aeruginosa, anaerobes, Mycoplasma pneumo-
niae, and fungi. Pneumococcal infection remains the most

common cause in the developed world, and Staphylococ-
cus aureus continues to be the most common organism
isolated in children from South Asia.14 The reported
isolation of bacterial causes of empyema from blood or
pleural fluid varies widely, from 8–76%.15–18 The reasons
for this probably reflect antibiotic treatment early in the
course of the disease, prior to attempts to culture bacteria.
The identification of bacteria has increased with the
development of molecular techniques such as the poly-
merase chain reaction (PCR). One such technique utilizes
PCR to detect the unique sequences in bacterial 16S
ribosomal DNA (rDNA) genes. Using this technique,
Saglani et al. compared 16S rDNA PCR results against
pleural culture in 32 samples.19 Twenty-two were positive
for 16S rDNA PCR, compared to 6 culture-positive. One
child had a culture-positive result with a negative 16S
PCR, but of those 22 PCR-positive, 17 were culture-
negative. Importantly, they found 100% concordance for
organisms identified by pleural fluid culture and using 16S
PCR. Only fully penicillin-sensitive Streptococcus pneu-
moniae was isolated, suggesting that the increase in
incidence of empyema is not due to the emergence of
penicillin-resistant strains. Using PCR to detect pneumo-
coccal DNA and subsequently performing enzyme-linked
immunosorbent assays, Eastham et al. identified type-
specific pneumococcal capsular polysaccharides in 32 of
43 culture-negative pleural fluid specimens.20 They
demonstrated that most of the cases were due to the type
1 serotype, similar to what was found in the US.4,21

Interestingly, the 7-valent pneumococcal vaccine, intro-
duced in the US in 2000, does not protect against type 1,
which does not fully explain why the incidence of pneumo-
coccal empyema has been reported to be decreasing in some
areas of the US since the introduction of the vaccine.7,22

Margenthaler et al. reviewed the outcome of 110
children who presented with community-acquired pneu-
monia in St. Louis, Missouri.23 Organisms were identified
in three quarters of all cases, but a worrying finding was
that in those children who had a more complex course,
only 33% had bacteria sensitive to first-line antibiotics,
suggesting that a high proportion of community-acquired
pneumonia was caused by resistant bacteria. Molecular
techniques, such as PCR, will be useful in the future to
monitor the prevalence of bacterial subtypes and the
emergence of antibiotic-resistant strains, and to guide
appropriate antibiotic treatment.

PRESENTATION

Most children will present with a history of malaise,
lethargy, and fever early on in the disease. They proceed to
develop cough and tachypnea due to the underlying
pneumonic process. Pleural pain and occasional abdom-
inal pain may be features. Occasionally there is a history of
varicella infection in the preceding few weeks. As the
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empyema progresses, the child becomes increasingly
unwell, with swinging fevers and increased dyspnea.
Scoliosis toward the affected side is not uncommon, and is
visible clinically and on chest X-ray. This occurs initially
in an attempt to reduce the pleural pain, but it also may be
the result of contraction of the pleural lining on the
affected side. Similarly, children may lie on the affected
side in attempt to splint the chest. Examination may reveal
reduced air entry and dull percussion over the affected
side.

INVESTIGATIONS

Serum

An initial blood count may reveal anemia, leukocytosis,
and thromboyctosis. Malignancy should be suspected if
white-cell counts are normal. There is no place for routine
blood investigations in the management of empyema,
apart from blood cultures.5 Acute-phase reactants such as
an erythrocyte sedimentation rate and C-reactive protein
(CRP) are unable to distinguish between viral and bacte-
rial infections. However, similar to white-cell counts, CRP
may be useful to assess progress in patients who remain
pyrexial and are slow to recover. As discussed above,
blood cultures are not often positive but are worth sending.
Serum may also be sent for molecular techniques to detect
organisms, if available.

Radiological

All patients should have a chest X-ray initially to help
confirm the presence of pleural fluid and exclude other
conditions such as an underlying malignancy (Fig. 1) or
lung abscess (Fig. 2). There is no role for routine daily X-
rays, as changes lag behind clinical status, and it may take
some months for X-ray changes to return to normal,
despite a resolution of clinical symptoms.24 The most
useful radiological intervention is an ultrasound of the
chest. This helps differentiate solid lung from overlying
fluid in the case of a ‘‘complete white-out’’on chest X-ray.
It will also detect loculations and fibrin strands, and will
help estimate the size of the effusion. Furthermore, the
radiologist can mark the spot for chest-tube insertion by
the physician or surgeon. In some centers, radiologists
insert chest drains under sedation. It was suggested that
ultrasound is useful to stage the disease in children.25

However, in a study in adult patients, ultrasound was
unable to identify the stage of disease, using Light’s
criteria as gold standard.65 Again, we emphasize that
caution must be taken when interpreting this paper in an
adult population, as Light’s criteria have not been fully
evaluated in children, and it is difficult to know whether
this paper is applicable to the pediatric population.

The role of routine computerized tomography (CT) is
controversial. CT is not good for identifying loculations,

and is not useful for differentiating simple parapneumonic
effusions from empyema in children.26 Some surgeons
will insist on a CT scan as a ‘‘road map’’ prior to surgery.
In a review of the use of CT scanning in pediatric chest
disease, Coren et al. found that CT scans were least useful
in the preoperative assessment of empyema complicating
community-acquired pneumonia.27 The BTS guidelines

Fig. 1. Non-Hodgkins lymphoma presenting as pleural effusion.

Abnormal mass (arrow) is present on chest X-ray (a). This was

confirmed on multislice CT scan (arrows; b, sagittal view; c,

coronal view).
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recommend that CT scans should not be done routinely
(based on grade D evidence, i.e., expert opinion), but there
may be a place for them in atypical empyema presenta-
tions, e.g., it is mandatory when there is a concern
regarding an underlying tumor (Fig. 1) or lung abscess

(Fig. 2). It may be reassuring when there is an unexpected
delay in recovery, e.g., to exclude an underlying lung
abscess not present on chest X-ray.

Pleural Fluid

All pleural fluid should be sent for microbiology and
molecular techniques if available. Fluid should be
additionally cultured for Mycobacterium tuberculosis.
Cytology is useful, and a cell differential should always be
sent, as lymphocytosis (rather than neutrophilia) may
indicate tuberculosis (TB) or malignancy.5 While a high
LDH, and low glucose and protein, may help confirm the
diagnosis of empyema, there is no evidence to support
their role in guiding management in children as exists in
adults, as the presence of pus makes the diagnosis obvious.
Furthermore, routine aspiration of pleural fluid will cause
unnecessary discomfort and sedation with little perceived
benefit. In adults, biochemistry is routinely used on fluid
obtained by a tap to guide whether a drain is necessary, a
situation that is not usually applicable to children,11 but its
role remains to be formally evaluated. An important
practical point to bear in mind is that children with
superior mediastinal obstruction related to malignancy are
at risk of sudden death if they undergo large-volume
aspiration and general anesthesia. Thus, in these circum-
stances, small-volume taps and avoidance of general
anesthesia and sedation are recommended.5

OUTCOME MEASURES

Comparisons of published studies are difficult for a
number of reasons. Firstly, the diagnosis and staging of
empyema in these studies are not rigorous. Further, the
lack of diagnostic and prognostic markers in pleural fluid
and detailed imaging makes comparisons difficult.
Because empyema is not one disease, but evolves over
time, it is likely that different management strategies may
be appropriate at different stages, although there are no
data to support this statement. Secondly, the differences in
protocols make comparisons problematic. The different
fibrinolytic agents used in various studies exemplify this.
Thirdly, outcome measures differ between studies. Most
published studies used length of stay as the primary
outcome measure, while others used radiographic resolu-
tion.24 Lung function is another outcome, but it is possible
that no differences would be detected between treatment
groups if it was the sole outcome, as recovery in children is
usually very good. Kohn et al. reviewed lung function in
36 children following treatment for empyema.28 Three
months following treatment, 91% demonstrated a restrictive
pattern. However, most patients had normal lung function
when tested after a year following discharge. While other
studies demonstrated obstructive lung function, patients
were asymptomatic, with normal exercise tolerance.29

Fig. 2. Empyema complicated by lung abscess. Chest X-ray (a)

suggested suspicion of lung abscess (arrow). This was con-

firmed on multislice CT scan (arrows; b, sagittal view; c, coronal

view).
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Outcome measures in adult trials cannot be applied to
trials in children. A recent multicenter study of strepto-
kinase in adults highlighted the differences between adults
and children with empyema.30 In that study, 454 adult
patients were randomized to receive 3 days of intrapleural
streptokinase or placebo. The primary outcome measures
were death or requirement of surgical intervention within
3 months. There were no significant differences between
groups in any of the outcome measures, proving the lack of
benefit of streptokinase. Approximately 30% of patients
died without surgery in both groups, compared to one
child’s death in all the studies discussed in this State of the
Art. Thus outcome measures in adult studies are centered
on the short term, whereas in children, they must include
long-term outcomes. Future studies in children need to
incorporate outcome measures that address health eco-
nomics, pain and quality of life scores, body image in
relation to scars, and length of hospital stay and long-term
assessment of lung function.

TREATMENT OPTIONS

The aim of treatment is simple: to stop sepsis and
restore pleural fluid circulation, thus restoring normal lung
function. In order to achieve this, the pleural cavity needs
to be sterilized, and the lung allowed to expand as much as
possible. Clearly the first step is to stabilize the child with
fluid boluses if required, and give oxygen therapy, anti-
pyretics, and analgesia. The specific treatment regimens
available are: antibiotics alone or in combination with
thoracocentesis; chest-drain insertion; chest drain and
fibrinolytics; open decortication; and video-assisted thora-
scopic surgery (VATS). The treatment a child currently
receives is usually the result of local practice. Variation in
practice is partly due to the lack of randomized controlled
trials,31 due to the fact that children virtually always re-
cover, irrespective of the treatment they receive. The BTS
guidelines describe only one randomized controlled study
which adequately informs management18 but does not offer
guidance on choosing surgical or medical management, as
most published data are in the form of case series only.

Antibiotics Alone

The choice of antibiotic is largely guided by local policy
on pneumonia guidelines, and reflects whether the
infection was acquired in the community or hospital and
whether the child is a normal host or has an underlying
condition. Generally, broad-spectrum antibiotics are used
to ensure adequate treatment of Streptococcus pneumonia,
and consideration should be given to antistaphylococcal
cover, particularly if pneumtaoceles are present. Con-
sideration should be given to treating anaerobic bacteria in
children at risk from aspiration, e.g., in cerebral palsy.
Discussion with local microbiologists is important in
hospitals in areas where bacterial antibiotic resistance is

an issue.23 Antibiotics alone have a role in small effusions
in which the child has no respiratory compromise. If the
child fails to respond after 48 hr and there is evidence of an
enlarging effusion either on chest X-ray or ultrasound,
then the child will need the effusion drained.

Thoracocentesis

While it is routine to perform a diagnostic tap in adults,
this is not the case in children, as it requires cooperation or
sedation and is therefore technically challenging. In a
retrospective review of 67 children presenting to a hospital
in Boston, Massachusetts, with parapneumonic effusions
treated by primary aspiration or pigtail drain insertion, the
group treated by primary aspiration required significantly
more interventions.12 In an open prospective study from
Israel, Shoseyov et al. found no difference in outcome
measures following a comparison of early chest-drain
insertion in 32 children with a group who received
repeated ultrasound-guided needle thoracocentesis on
alternate days.32 Although the authors concluded that
treatment with repeated thoracocentesis is as efficacious
as chest drainage and less invasive, it could be argued that
in order to minimize the repeated trauma to the child, early
chest insertion should be advocated.

Chest-Drain Insertion Alone

As stated above, children usually recover from
empyema irrespective of the treatment they receive,
providing adequate fluid drainage is achieved. However,
the optimal treatment will result in a short hospital stay,
minimal scarring, and restoration of normal lung function.
These points should be borne in mind when considering
the evidence for chest drainage alone, as exemplified by
the study of Satish et al.24 They described 14 children
treated with intravenous antibiotics and chest drainage
alone at a secondary-level pediatric center. Although
radiographic resolution was obtained up until 16 months
with restoration of normal lung function, the median
duration of hospital stay was 14 days (maximum stay,
28 days). No child required surgical intervention, which
led the authors to conclude that decortication is not
necessary to prevent long-term respiratory complications.
However, the prolonged length of hospital stay, when
compared to other intervention studies discussed below,
has significant health economic implications, and prompt-
ed Spencer in a editorial to comment that it is ‘‘not time to
put down the knife.’’33 A similar median hospital stay
(14.5 days) was observed in a retrospective study of
clinical practice at Great Ormond Street Hospital for
Children between 1989–1997.34 During this period,
54 patients were treated. Seven patients were successfully
treated with antibiotics alone. However, 47 patients re-
quired chest-drain insertion, and of these, 21 required
further surgical intervention. It is likely that the discrepancy
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between the two studies with regard to the need for further
surgical intervention is due to patient referral demo-
graphics. Great Ormond Street Hospital is a tertiary referral
hospital receiving patients referred from other hospitals,
and thus patients were likely to have had the illness for a
longer period than those seen by Satish et al.24

Fibrinolytics

The fibrin formation which occurs as the empyema
becomes more advanced results in the formation of
loculated pockets of pus and fluid, which makes adequate
drainage with a single chest drain difficult. The aim of
instillation of fibrinolytics into the pleural cavity is to lyse
the fibrinous strands and clear lymphatic pores, thus
improving drainage. There have been more than 10
published reports on the use of fibrinolytics in children,35–49

but only two are randomized controlled trials. The case
series reports described the management in more than 300
children using streptokinase, urokinase, alteplase, or
tissue plasminogen activator in very different protocols.
In these series, the success rate was approximately 80–
90%, and it is evident that the use of fibrinolytics is safe,
with the major side effect being pain following adminis-
tration. However, in three case series reported from the
same group in Turkey, describing their use of streptoki-
nase and urokinase, pleural hemorrhage and death were
reported in one patient following a reported allergic
reaction after urokinase instillation.45–47 While this
severe complication should be noted, it is difficult to
know if the patient populations described in these reports
are representative of those seen in other developed
countries. In our own experience of treating in excess of
100 patients with urokinase, we have never witnessed a
severe adverse reaction following the instillation of
urokinase. There is only one randomized prospective
study of urokinase, undertaken by Thomson et al.18 This
was a 10-center study of 60 patients undertaken on behalf
of the British Paediatric Respiratory Society Empyema
Study Group. Patients were randomized to receive either
40,000 units of urokinase in 40 ml saline (10,000 units in
10 ml saline if under 1 year old) or 0.9% saline instilled
twice a day over 3 days. The urokinase group demon-
strated a significant reduction in length of stay in hospital
compared to the saline control group (7.4 vs. 9.5 days).
Five patients (two in the treatment arm) failed treatment
and required surgical decortication. Interestingly, post hoc
analysis showed that the patients who received a smaller
percutaneous drain had a shorter stay than those who had a
larger-bore drain. The trial was not designed to show this
effect, and this may have been the result of a center effect.
However, a retrospective review by Pierrepoint et al.
compared the outcomes of children with empyema treated
with either a stiff large-bore drain or pigtail catheter, and
found that those who had a pigtail inserted had a much

better outcome in terms of length of hospital stay and the
need for further intervention.50 In the only other
randomized controlled study of fibrinolytics, Singh et al.
compared the instillation of streptokinase with normal
saline in 40 children in India. There was no difference
between all outcome measures between groups.48

One surgical concern is that patients may be more likely
to fail rescue VATS treatment following urokinase, as it
was suggested that urokinase causes intrapleural locula-
tions to become very adhesive, and increases the difficulty
of the VATS procedure;51,52 this may simply be a result of
operating at a later stage. While there have been many case
series comparing surgical interventions with fibrinolytics,
there has been no properly controlled study to compare
treatment modalities. One such trial comparing VATS
with urokinase is underway at Great Ormond Street
Hospital for Children, and is near completion. The de-
velopment of more specific fibrinolytic treatments such as
single-chain urokinase plasminogen activator, which pre-
vents adhesion formations, remains an exciting prospect.53

Surgery

The surgical options are minithoracotomy, open
decortication, or VATS. Open decortication involves the
removal of the thickened pleural rind and irrigation of
the pleural cavity through a large posterolateral scar. A
minithoracotomy is an open debridement procedure, but is
performed through a smaller incision. VATS is performed
through two or three ports made in the chest: one port is
utilized for the camera, and the others for grasping
instruments, which can be rotated around the ports if
required. Insufflation of the chest cavity with CO2 aids
collapse of the lung for better visualization. Interest in the
use of VATS for the treatment of empyema in children has
been increasing over the past decade. Proponents of VATS
suggest that it has the potential advantage over open
surgery of limiting the morbidity to skin, muscles, nerves,
and supporting structures which occurs following a large
surgical incision54 and which entails pain, infection,
limitation of movement, and cosmetic scarring.55 Further-
more, VATS may reduce cytokine responses compared to
conventional surgery.56 However, these statements are
based on clinical experience rather than controlled trials.

Proponents of open decortication cite evidence which
demonstrates that those who undergo that procedure
recover more quickly. In a review of 18 patients who
underwent primary open decortication, the median stay in
hospital was 4 days,25 significantly shorter than for those
in a urokinase trial (7.4 days) and those treated by chest
drain only (median stay, 14 days). The authors concluded,
somewhat controversially, that fibrinolysis and VATS had
no place in stage III empyema. As they had not directly
compared these treatment modalities, this statement is
unfounded. Karaman et al. compared 30 children with
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empyema who were randomized prospectively to receive
open thoracotomy or chest tube.13 Average length of stay
in the open thoracotomy group was 9.5 days, compared to
15.4 days in the chest-tube group. This length of stay in the
open thoracotomy group was similar to that seen in the
urokinase study by Thomson et al.18 Alexiou et al.
reviewed their practice in 44 children undergoing open
decortication for empyema, demonstrated a good out-
come, and concluded that open thoracotomy remains an
excellent option for late-stage empyema, and that VATS or
finbrinolysis should be considered on their own merits,
and not on the basis of adverse outcomes following open
thoracotomy.57 In a retrospective comparison of treatment
in 48 children, Hilliard et al. reported that those who had a
chest drain alone had a median stay of 15 days, compared
to 8 days for fibinolytic therapy and 6.5 days for thora-
cotomy.58 Three children in the chest-tube group and 2 in
the fibrinolytic group required subsequent thoracotomy.

As with other treatment options, there are currently no
properly controlled studies to inform the use of VATS.31

While VATS was initially used as rescue therapy following
the failure of medical treatment, it is being increasingly
used as primary therapy. In a review of treatment options
available to 139 patients at their center in Dallas, Doski
et al. demonstrated that those patients undergoing primary
VATS had a significantly reduced number of procedures
and length of stay compared to those who had secondary
VATS or open decortication for failed medical treat-
ment.59 Cohen et al. compared outcomes following the
introduction of primary VATS in 21 children with at least
stage II empyema with a historical control group treated
by chest drainage alone.60 There was a significant
reduction in days in hospital (7.4 vs. 15.4) and chest-tube
drainage (4.0 vs. 10.2) in the VATS group. Furthermore,
39% of patients treated with chest drain only required
further surgical intervention, compared with none in the
VATS group, suggesting that VATS is superior to chest
drain alone. These results are similar to those reported
from other centers.61 There are no studies that directly
compare primary VATS with open decortication in
children. Subramaniam et al. demonstrated a reduced
stay in hospital in the VATS arm compared to open
thoracotomy in those referred following the failure of
medical management.62 Gates et al. carried out a syste-
matic review of 44 retrospective studies to assess whether
VATS was superior to chest drainage alone, fibrinolysis, or
thoracotomy.44 VATS and open decortication led to a
shorter stay in hospital, but the study highlighted again
the lack of properly designed studies. Furthermore, the
availability of local surgical expertise and the surgeon’s
own preference, together with available resources and
training, limit the surgical options available to each center,
even when evidence supports a particular surgical
technique.63,64 We now need to obtain compelling
evidence (if it exists) so that a case can be made for

ensuring that treatment resources are available, but until
then, it is not easy to justify the potentially large
expenditure that many centers would require.

CONCLUSIONS

The incidence of empyema continues to rise and cause
significant morbidity in children. Despite this, there is
little evidence to inform the best management approach,
due to a dearth of properly controlled clinical trials. In
addition, there is a need for proper microbiological
surveillance, and newer molecular techniques may be
useful to help guide appropriate antibiotic treatment. The
development of specific chemicals to prevent adhesion
formation, such as single-chain urokinase plasminogen
activation, is an exciting prospect. Until we obtain better
evidence to guide management, the children we treat
continue to be the victims of our own personal opinions.
As Hippocrates pointed out, ‘‘there are in fact two things,
science and opinion; the former begets knowledge, the
latter ignorance.’’ It is high time we became less ignorant.

REFERENCES

1. Rees JH, Spencer DA, Parikh D, Weller P. Increase in incidence of

childhood empyema in West Midlands, UK. Lancet 1997;349:

402.

2. Playfor SD, Smyth AR, Stewart RJ. Increase in incidence of

childhood empyema. Thorax 1997;52:932.

3. Hardie W, Bokulic R, Garcia VF, Reising SF, Christie CD.

Pneumococcal pleural empyemas in children. Clin Infect Dis

1996;22:1057–1063.

4. Byington CL, Spencer LY, Johnson TA, Pavia AT, Allen D, Mason

EO, Kaplan S, Carroll KC, Daly JA, Christenson JC, Samore MH.

An epidemiological investigation of a sustained high rate of

pediatric parapneumonic empyema: risk factors and microbiolo-

gical associations. Clin Infect Dis 2002;34:434–440.

5. Balfour-Lynn IM, Abrahamson E, Cohen G, Hartley J, King S,

Parikh D, Spencer D, Thomson AH, Urquart D. BTS guidelines

for the management of pleural infection in children. Thorax

[Suppl] 2005;60:1–21.

6. Balfour-Lynn IM. Some consensus but little evidence—guide-

lines on management of pleural infection in children. Thorax

2005;60:94–96.

7. Schultz KD, Fan LL, Pinsky J, Ochoa L, Smith EO, Kaplan SL,

Brandt ML. The changing face of pleural empyemas in children:

epidemiology and management. Pediatrics 2004;113:1735–

1740.

8. Ferguson AD, Prescott RJ, Selkon JB, Watson D, Swinburn CR.

The clinical course and management of thoracic empyema.

Q J Med 1996;89:285–289.

9. Quadri A, Thomson AH. Pleural fluids associated with chest

infection. Paediatr Respir Rev 2002;3:349–355.

10. American Thoracic Society. Management of nontuberculous

empyema. Am Rev Respir Dis 1962;85:935–936.

11. Hamm H, Light RW. Parapneumonic effusion and empyema. Eur

Respir J 1997;10:1150–1156.

12. Mitri RK, Brown SD, Zurakowski D, Chung KY, Konez O,

Burrows PE, Colin AA. Outcomes of primary image-guided

drainage of parapneumonic effusions in children. Pediatrics 2002;

110:37.
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