ABSTRACT

Objectives

Pleural infection is a condition commonly encountered by the respiratory physician.
This review aims to provide the reader with an update on the most recent data
regarding the epidemiology, microbiology and the management of pleural infection.
Data source

Medline was searched for articles related to pleural infection using the terms
‘pleural infection’, ‘empyema’ and ‘parapneumonic’. The search was limited to the
years 1997-2017. Only human studies and reports in English were included.
Results

Arise in the incidence of pleural infection is seen worldwide. Despite the
improvement in healthcare practices, the mortality from pleural infection remains
high.. The role of oral microflora in the aetiology of pleural infection is firmly
established.

A concise review of the recent insights on the pathogenesis of pleural infections is
presented. A particular focus is made on the role of tPA, DNAse and similar
substances and their interaction with inflammatory cells and how this affects the
pathogenesis and treatment of pleural infection .

Conclusion

Pleural infection is a common disease with significant morbidity and mortality, as
well as a considerable economic burden. The role of medical management is
expanding thanks to the widespread use of newer treatments.

Keyword: pleural effusion, infection, computed tomography, clinical epidemiology,
thoracic surgery, biomarker

INTRODUCTION

A doubling in the incidence of hospitalization with empyema in the United States
was seen at the end of the last decadel. This trend is being seen throughout the age
spectrum from healthy young adults, to older patients with comorbidities. The
estimated annual costs mount to $US500 million? in adults alone. This disorder was
described over five thousand years ago and has claimed many lives, the most high
profile including William Osler and Guillain Dupuytren. Clinical outcomes remain
poor with up to 20% requiring surgery and one in five patients dying within the first
year of diagnosis. This figure is as high as 30% in the frail and elderly, a constantly
growing population, as well as the immunocompromised. Recent years have seen a
better recognition of the microbiology responsible using genetic techniques such as
nucleic acid amplification testing, and this in turn has led to a greater understanding
of the underlying pathophysiology. Although it had been previously assumed that
pleural infection was an extension of lung parenchymal infection, bacterial links
with oral commensals and gastric aspiration have recently been recognized. Whilst



the main aims of treatment continue to be drainage of the pleural fluid, antibiotics
and optimising nutrition, the advent of intrapleural tPA and DNAse has been a major
advance in the non-surgical treatment of pleural infection3. The theory that tPA
breaks adhesions while DNase reduces pus viscosity is probably an
oversimplification. Complex interactions of tPA and DNase with bacteria, as well as
resident and inflammatory cells within the pleural space are likely to form the basis
for novel biomarkers and newer therapeutic targets.

This review aims to provide an update on the most recent data regarding different
aspects of diagnosing and treating pleural infection.

Data source

A search was performed on Medline for articles related to pleural infection using the
terms ‘pleural infection’, ‘empyema’ and ‘parapneumonic’. The search was limited to
the years 1997-2017 and only human studies and reports in English were included.
Data on the trends in incidence and mortality of pleural infection were extracted as
well as the bacteriological profile and pathogenesis of the disease, and the different
treatment approaches.

HISTORY

Although the last two decades have seen great progress in our understanding of
pleural infection, this is by no means a modern condition. The earliest report of
empyema is credited to the Egyptian physician, Imhotep, in around 3000

BC. Around 500 BC, Hippocrates gave a clearer description of the disorder,
including treatment with open thoracic drainage*. This remained the mainstay of
treatment until the first World War, which coincided with the influenza epidemic
and the resultant crisis of streptococcal pneumonia and empyema®. This led to the
experimental practice of closed chest tube drainage. To the best of our knowledge,
closed water-seal chest drainage was first illustrated in 1873 by Playfairé. This was
shortly followed in 1875, when a German internist Gotthard Bulau outlined how he
treated an empyema by puncturing the pleural membrane with a trocar, introduced
arubber catheter into the pleural cavity, and then attached the free end of the
catheter to a bottle one-third full of solution, allowing pus to flow freely from the
pleural space into the bottle’. The three-chamber thoracic drainage system, which
forms the basis of our chest drains today, was first described by Howe in 1952, and
this became standard of care from the end of that decade8”®.

EPIDEMIOLOGY

It is estimated that more than 80,000 patients are diagnosed with empyema in the
US each year.1011 Empyema leads to long hospitalisation, which varies between a
median of 12-21 days of hospital stay according to different studies.12.13

An increase in incidence of pleural infection as well as a shift in age distribution
towards more elderly patient is consistently reported2-14. The overall incidence is



about 9 per 100 000.1* A study looking at pleural infection in Canada between 1995-
2003 found that incidence in the age bracket 20-40 years was 2-6 per 100 000 while
it was found to be 19 per 100 000 in those between 75-79 years.13 In another study
in Taiwan looking at incidences between 1999-2008 an increase of the proportion
of patients >65 years old by 9.5% was seen.14

Due to advancing age, patients with pleural infection are inevitably complex due to
the high prevalence of comorbidities. An estimated 40-58% of patients are found to
have at least one comorbidity.1415 The disease is associated with relatively high
mortality rate which varies considerably according to the age. The 30-day in-
hospital mortality rate is in the vicinity of 2-7% in adults below 45 years old which
rises steeply to between 20-25% in patients older than 75 years.1415 In a century-
long view of empyema mortality trends in the state of Utah,1¢ the highest rates were
noticed during the Spanish Flu pandemic. The levels plummeted to a nadir of 0.3
deaths per 10,000 person years towards the 1950s, but then surged during the first
decade of the 215t century where it rose six-fold.16

PATHOGENESIS

Despite the common view that empyema is the more advanced and challenging
phase of pleural infection!!, patients with purulent pleural collections have been
noted to have better outcomes.1” This suggests that the presence of loculations,
rather than the purulence of the fluid may be related to failure of treatment.

Fibrin is normally not present in the pleural space, but pleural injury is associated
with florid fibrin deposition.18 Extravascular migration of fibrin, in the course of
pleural inflammation, followed by interaction with components of the fibrinolytic
systems as well various proinflammatory and profibrtic mediators leads to
deposition of firm meshwork of loculation and the transformation of the simple
pleural space to a complex one.18

The pathobiology of pleural infection involves complex interplay between different
cells of immunity, mediators of inflammation, the coagulation cascade and the
offending organism(s), only a small part of which we understand thus far .1° The
pathophysiological model for pleural infection mainly describes the sequence of
events from aspiration of oropharyngeal flora into lung parenchyma where infection
ensues to invade the pleura space. These stages do not necessarily happen in
primary pleural infection, where the organism spreads via the haematogenous
route. This does not take into account cases with post traumatic empyemas
(secondary to infected haemothorax) and direct extension of infection to the pleura
from extrapulmonary sources.

The invasion of micro-organisms to the pleural space causes a heavy influx of
inflammatory cells and cytokines with activation of the coagulation cascade.11.18 A
key component of this phase is the cleavage of plasminogen into plasmin by
substances such as tissue plasminogen activator (t-PA) which competes with
inhibitory substances such as plasminogen activator inhibitors (PAI)-1 and -2.18 The
outcome of this interaction defines how complex the pleural space becomes.



This interaction is amenable to medical intervention (see below). Lipoteichoic acid
(LTA), a surface molecule found on gram positive bacteria, was found to cause
upregulation of PAI-1 expression in mesothelial cells.2? Whether this is an
‘inhibitable’ target that can play a role in hampering fibrin deposition in the infected
pleural space is yet to be explored.

The MIST-2 trial showed that combined intrapleural tPA and DNase enhanced the
drainage of infected pleural effusion.2! Later, Lansley et al theorised the injection of
t-PA itself is a stimulus for pleural fluid production.?2 Their experiment on mice
revealed that tPA induced pleural effusion formation which was driven by
monocyte chemotactic protein-1 (MCP-1). They also found that MCP-1 antagonists
potently inhibit the large effusion formation following intrapleural fibrinolysis22.

It is know that the microbiology of community-acquired pleural infection is different
from that of community-acquired pneumonia. Atypical pathogens that cause large
proportions of CAP are virtually non-contributory to pleural infection.23 This might
be related to the different affinities of organisms to settle in the pleural space whose
environment, in terms of oxygen content and prevailing pH, is very different from
the lung parenchyma.l! Lending support to this theory, it was recently found that
Streptococcus pneumoniae, but not other organisms, grows in pleural effusion much
faster than on a culture plate.24

MICROBIOLOGY

The microbiological niche of pleural infection varies according to the geographical
location,252¢ as well as the infection setting whether it is community-acquired (CA)
or hospital-acquired (HA).27-2° Age (adults vs children) and immune status both
contribute to the variation.11.30

Table 1 summarises the prevalence of different bacterial groups and organisms, as
causative agents in CA and HA infection. The high prevalence of anaerobic
organisms as well as the facultative anaerobic Viridans streptococci sheds light on
how the pleural milieu favours the flourishing of these organisms; many of which
are either commensals of the oral cavity or responsible for oral/dental infections. In
studies focusing on the anaerobic pattern of bacterial infection, anaerobic or micro-
aerophilic organisms were isolated with more than 70% of samples from infected
effusions.31 Almost a quarter of these samples isolated 3 or more organisms,31
stressing the fact that in many cases, the pleural space becomes co-infected by
multiple organisms.

Streptococcis milleri group (a subgroup of Viridans streptococci) has been found to
be the most prevalent organism in CA pleural infection worldwide.26-2% In reports
from the Far East, Klebsiella species appear to be most common, especially in HA
infections.252629 The latter observation is likely related to the high prevalence of
pyogenic infections caused by Klebsiella in this part of the world.15

Staphylococcal infection is very common both in the CA and HA setting, with a
notable increase in the share of methicillin-resistant organisms in the HA setting



(table 1). Staph aureus infection is particularly common in children where it
contributes to the aetiology in up to 50% of cases.30 In studies by Maskell et al?2” and
Asai et al32, HA pleural infection was associated with higher in-hospital, 30-day and
one-year mortality.27.32 Mortality was also higher when pleural infection was caused
by Staph. aureus, gram negative organisms as well as mixed anaerobes.
Identification of the offending organism is not always feasible. The largest series
report a positive culture yield on pleural fluid of 40-60% using conventional
methods.2527-29 When cases are split into HA and CA, the positivity of CA cases was
found to be 28%.2° The more costly nucleic acid amplification tests provide only a
modest improvement, as they are able to identify the organism in a further 10-15%
of cases, but close to one quarter of the cases have no identifiable causative
organism.2’ In a recent study, it was found that the performance of culture and
sensitivity tests on pleural biopsies in addition to pleural fluid increased the
microbiological yield by 30%.33

Empyema due to fungal infection is uncommon, particularly in the immune-
competent host. A fungal aetiology for pleural infection was reported in 3% of more
than 2000 cases where fungal cultures were carried out (results from unpublished
systematic review). In a study examining fungal empyema, Candida species were the
most common offending organism, isolated in 68% of cases. In this study, 28% of
patients were reported to have a degree of immune suppression.34

DIAGNOSIS
Clinical Presentation

Due to the variation in clinical presentation, making a prompt diagnosis of pleural
infection can require a high index of suspicion. Physical examination can be
suggestive of a pleural effusion but is often unhelpful in specifically identifying
pleural infection as the underlying aetiology, where a careful history is of more
value. Pleuritic chest pain and dyspnoea are common. When presenting acutely and
accompanied by one or more of a fever, cough and sputum production, bacterial
pneumonia complicated by parapneumonic effusion is likely, and this is most
commonly associated with aerobic bacteria pleural space infection, commonly seen
in younger, previously fit, patients. A second group present more insidiously with a
subacute illness, and often describe non-specific features of weight loss, fatigue,
anorexia or anaemia3>. Anaerobic bacteria are more likely to be responsible, and
patients will usually have some degree of immune compromise, such as alcoholism,
poor oral hygiene or frailty. This may indicate failure to recover from a preceding
pneumonia, allowing time for bacteria to colonise the pleural space, or a
representation of their predisposition to recurrent aspiration. Along with these
characteristics, the delayed recognition caused by late presentation, results in a
higher morbidity and mortality in this group3637. Clinical prediction scores, such as
RAPID38, which is currently being studied in a large multicentre observational trial
(ISRCTN 50236700) to confirm its validity, may enable risk stratification and



outcome prediction at presentation. This was derived from two large prospective
randomised trials, which determined that age, urea, albumin, hospital-acquired
infection, and non-purulence predicted poor outcome.

Pleural Fluid and Biomarkers

Once a pleural effusion is identified on chest radiograph in the context of infection,
there are no clinical criteria that can aid differentiating a complex parapneumonic
effusion requiring chest drain insertion, from a simple effusion that one would
expect to resolve with antibiotics alone3?. Pleural fluid characteristics remain the
most reliable diagnostic tests to guide management of pleural infection*% and
prompt sampling is recommended in all patients with an effusion with greater than
1cm depth, associated with a pneumonic illness, recent chest trauma, surgery or
features of ongoing sepsis4l. The use of ultrasound guidance is well established as
standard of care and strongly recommended in all procedures involving pleural
fluid4243, The further benefit of ultrasound lies in differentiating multi-septated
effusion, where a small series showed that the biochemistry can differ in sampling
different locules. This is particularly useful when a single pleural fluid result
appears out of context with the clinical status of the patient and the ultrasound
appearance#*. Fluid biochemistry demonstrating high protein, low glucose
<2.2mmol/L and a high LDH >1000 IU/L 4! are consistent with bacterial pleural
infection, with the exception of ammonia producing organisms such as Proteus#3,
which may prevent the fluid from becoming acidic. To date, the most powerful
clinical indicator to chest tube drainage is a pleural fluid pH <7.2, a cut-off
universally agreed among international guidelines. The sample for pH should be
collected anaerobically in a heparinised blood gas syringe, as the presence of air can
falsely elevate pleural fluid pH, as can delay in measurement#¢. Lidocaine is acidic
and falsely depresses fluid pH. Visualisation of frank pus on pleural aspiration is
diagnostic of empyema requiring chest tube drainage, and does not require any
further confirmatory investigation. Microbiological analysis should be requested on
all initial fluid samples.

In addition to a universal container, samples sent in blood culture bottles improves
the positive culture yield from 40% to almost 60%4748, Although microscopy for
acid-fast bacilli in pleural fluid identifies TB in fewer than 10% of cases, this should
be requested in patients with risk factors and high risk populations#°. High pleural
fluid adenosine deaminase values are only helpful in differentiating tuberculous
from malignant effusions in populations where TB is highly prevalent, or in
developing countries, where access to pleural biopsy may be limited by inadequate
healthcare resource or cost>. Given that some cases of pleural malignancy can
mimic pleural infection in their biochemical similarity of low pH and glucose,
cytological analysis for cell count and differential is recommended in all cases of
suspected pleural infection, with a minimum recommended fluid volume of 40-
50ml>1,



Novel infection biomarkers such as CRP, procalcitonin and soluble triggering
receptor expressed on myeloid cells (STREM-1) have been evaluated for their use in
diagnosing pleural infection and aiding decision on chest tube drainage, but have
not yet proven high diagnostic or prognostic value, and as such are not
recommended in standard clinical practice>253.

Radiology

A standard postero-anterior chest X-ray is frequently the first radiological test
requested. It is worth noting that on many occasions, the effusion in pleural
infection does not exhibit the meniscus sign due to the presence of encystment, but
rather shows a steeply rising line towards the apex of the thorax (figure 1), or even
appear as an indistinct opacity that does not obscure the diaphragm shadow (figure
2A). In such instances, thoracic computed tomography (CT) is very useful in
deciphering the underlying anatomy.

Thoracic CT is indicated in all cases of pleural infection which are not draining
effectively within the first 24-48 hours, and should be conducted with intravenous
contrast.>* Pleural enhancement is one of the key findings denoting active pleural
inflammation and is seen both in malignancy and pleural infection. Significant
thickening and enhancement of the parietal pleura creates the appearance
commonly referred to as the ‘split pleura’ sign which is highly suggestive of
empyema (figure 2B). The finding of extrapleural fat hypertrophy is a valuable
marker of a benign inflammatory effusion(figure 2B), including pleural infection.>>
In cases of multi-loculated empyema, complete mapping of the extent of the disease
can only achieved by CT. Porcel et al>¢ examined CT scans of patient who had pleural
infection and found that the presence of air foci inside the fluid, pleural
enhancement, estimated fluid volume more than 400 mls and extraplural fat
enhancement were predictors of complicated pleural infection.

Thoracic ultrasound is a vital tool in the management of pleural infection. It is
superior to CT in the ability of detection of septations(figure 3).57 In multiloculated
collections, TUS helps guide the safe insertion of chest drain in to the largest loculus,
which sometimes leads to complete evacuation of the infected fluid, as such loculi
are often connected.

TREATMENT
Antibiotics

Antibiotics continue to be the most important initial step in the treatment of pleural
infection. These are often started empirically, as approximately 40% 41 will remain
persistently culture negative, and indeed, pre-culture systemic antibiotic therapy
may be a contributing factor to this. Antibiotic choice is guided by local bacteriology,
the clinical setting and the suspected cause of the pleural infection. Treatment
should be aimed at gram positive aerobes, commonly attributed to most community



acquired pleural infection, as well as anaerobes, as these organisms have a much
lower positive culture yield. In the setting of HA infection, particularly iatrogenic,
post-op and trauma-related empyema, the incidence of MRSA is significant and
should be adequately covered. The low prevalence of Legionella and mycoplasma in
pleural infection does not justify routine cover with a macrolide>s.

Intrapleural antibiotic therapy has been the subject of varied interest over the
course of the last decade. This is mainly due to trials with small numbers in the
setting of surgically treated empyema,, but not supported by short or long term
clinical benefit 59,60, Additionally, previous studies have shown the concentration of
parenterally administered antibiotics within a parapneumonic effusion are up to
75% of those found in serum®! Good pleural penetrance has been demonstrated in
most antibiotic classes, except for aminoglycosides*l. The duration of antibiotic
therapy in pleural infection has been traditionally extrapolated from lung abscess
treatment with most experts advocating a minimum of 4 weeks treatment, and the
switch from intravenous to oral being guided by cessation of pyrexia, clinical
improvement and resolution of inflammatory markers3°. A recent cohort study from
the Mayo Clinic studying 91 patients over a 10 year period concluded that three
weeks of treatment was generally adequate to prevent treatment failure, with
prolongation of the initial intravenous course rather than the oral course associated
with fewer cases of treatment failure.62

General measures

Poor nutrition has been identified as a determinant of poor outcome in pleural
infection since the first World War, but despite its presence in guidelines*?, it
continues to be frequently overlooked. Clinicians may become absorbed in debates
over initiation of intrapleural fibrinolytic therapy and surgical referral, and often fail
to appreciate the catabolic consequences of pleural infection, including
immunodeficiency and slow recovery3° One series published almost 3 decades ago,
demonstrated that hypoalbuminaemia was the most important determinant of a
fatal outcome®3 It is therefore essential that early and adequate nutritional support
is provided in all cases of pleural infection, usually via the nasogastric route where
required. All patients with pleural infection are at high risk for the development of
venous thromboembolism and should receive adequate thrombosis prophylaxis
with heparin unless contraindicated*!.

Chest drain

Despite analysis of data from the MIST-1 study having shown that larger bore chest
tubes do not positively influence clinical outcomes in pleural infection in terms of
the combined frequency of death or need for surgery®4, size continues to be a
subject of ongoing debate®>. The same study demonstrated that the patient
experience is significantly improved with smaller bore catheters, due to less
traumatic insertion and being more comfortable during the drainage period, a
conclusion echoed in malignant pleural effusion data ¢¢. It is also noteworthy that



the patients who benefitted from tpA/DNase in the MIST-2 study all had chest tubes
<15 French 21. The main reason behind the controversy, other than it seeming
logical that high viscosity fluid would drain more easily through a bigger tube, is the
lack of high quality data > and the frequency with which small tube catheters
become blocked. The PIT trial has shown promising evidence that pleural irrigation
with normal saline may help overcome this problem ¢7. This was a single centre pilot
RCT that used 250ml bags of 0.9% sodium chloride administered through a giving
set into the thoracic cavity via chest tube and 3-way tap from a drip stand,
compared with standard of care 30 ml saline chest tube flushes 3 times a day. Saline
irrigation resulted in a 32% reduction in CT pleural volume over 3 days, compared
with 15% in the standard care arm, although no significant clear difference in
surgical outcome. A large multicentre RCT is now underway to evaluate this further.
Long-term chest drainage in combination with prolonged antibiotics is another
therapeutic option in those patients with chronic pleural space infection who are
not suitable for surgical intervention, due to poor performance status or severe
multi morbidity. This can be undertaken through insertion of a wide-bore drain
with a one way valve or an indwelling pleural catheter 6869,

Intrapleural Fibrinolytic Therapy

The theory that the increasing amount of fibrin and density of the septations within
the infected pleural space may be the reason behind failure of standard medical
treatment, sparked interest in intrapleural fibrinolytic therapy (IPFT). This was
described as early as 1949 by Tillett et al using streptokinase, but resulted in
significant immunological side effects?9, likely to have been attributed to
contamination during production, and was therefore abandoned. Purified
streptokinase and urokinase then became available in the late 80’s with variable
clinical use, and a number of studies over the next 2 decades demonstrated clinical
benefit, but only in small studies. A meta-analysis in 2004 concluded that while
there was potential benefit from IPFT in pleural infection, this was insufficient to
recommend its routine use in clinical practice’. The results of MIST-1 were then
published in 2005, disproving the pre-existing assumptions and concluded that the
intrapleural administration of streptokinase did not improve mortality, the rate of
surgery, or the length of the hospital stay among patients with pleural infection 72.
Whilst streptokinase may help break down septations, it was not postulated to alter
fluid viscosity or prevent formation of bacterial biofilms in the infected pleural
space. Data on cystic fibrosis patients demonstrates that nebulised DNAse is
effective in reducing viscosity of secretions and airway clearance’3. Two laboratory
studies, assessing the effects of fibrinolytic and DNase in pleural infection were
published in 2000, using samples of purulent pleural fluid and suggesting that
DNAse, in combination with a fibrinolytic, could be effective therapy 747>. The MIST-
2 randomised trial, published in 2011, recruited 210 patients over 3 years from 11
UK centres 21, It was designed as a double-dummy, double-placebo RCT with 4 arms
comparing placebo, tPA alone, DNAse alone and combination tPa and DNAse. The



primary outcome was absolute reduction in CXR opacification, using a validated
digital measurement protocol, to exclude interpretation bias. Secondary outcomes
included duration of hospital stay, referral to surgery, and death. The study showed
combination therapy to have a statistically significant benefit in all of these
measures, and confirmed that neither fibrinolytic alone (as in MIST-1) or DNAse in
isolation were no better than placebo, proving that it was the combined action of
both drugs together that influenced successful drainage of infected pleural fluid. The
limited number of patients in the combination arm (52) meant that routine use
could not be recommended in all patients, but until larger trials are published, it is
limited to being a useful option in cases where standard of care chest drainage has
failed where patients are not suitable surgical candidates. Larger trials are now
needed to consolidate the safety profile, although case series of more than 100
patients have been published showing no safety concerns and apparently high
efficacy (Picolo et al). Bleeding risk continues to be an concern, despite a
retrospective review of the MIST-2 data, as well as a number of published studies,
reporting no statistically significant increase in bleeding risk76-81 including a study
looking at patients who continued their prophylactic-dose anticoagulation®2.

The dosing regimen for intrapleural tpA/Dnase used in MIST2 was empirically
based on earlier case reports. Some recently published pilot data has looked at the
effectiveness of dose de-escalation of the MIST-2 protocol, and seems to suggest that
halving the dose of tPA to 5mg twice daily intrapleurally with the same 5mg dose of
DNase is safe and effective. This regime is yet to be tested in larger RCT’s. Despite a
similar bleeding incidence, of approximately 6%, , such a regime may help alleviate
some of the anxiety surrounding the use of IPFT 83 as well as making it more cost-
effective. A small prospective observational study of 38 patients looked to simplify
the regime comparing concurrent vs sequential intrapleural instillation of tPA and
DNase, removing the 1hr interval between each administration, and reported
similar treatment success 84. Another study changed the frequency to once daily in
55 patients and was able to treat 92.7% successfully without the need for surgical
intervention 8. As well as finding the optimal dosing and administration strategy, an
attractive idea in this era of personalized medicine is the question of whether the
dose of IPFT can be individualized to different patients. Samples of pleural fluid
from the MIST-2 study were found to have highly variable fibrinolytic potential
prior to treatment, and it has been stipulated, though not yet clinically tested, that
patients with reduced plasminogen activator activity theoretically require higher
doses of fibrinolytics8¢. The knowledge that PAI-1 levels are elevated in locules, and
therefore likely to contribute to the formation of pleural septations8?, has led to
attempts at therapy targeting this specific pathway. PAI-1 targeting monoclonal
antibodies could be used as adjunctive therapy to allow reduction in the dose of
IPFT and lessen bleeding risk®8. Similarly, single-chain urokinase-type plasminogen
activator (scuPA), a proenzyme fibrinolytic, has been tested in rabbit models with
positive results, suggesting that the PAI-1 resistance and durability of intrapleural
scuPA may be advantageous, and may play a substantial role in the future of IPFT.
scuPA is currently undergoing a phase 1 dose escalation clinical trial testing in
patients with loculated empyema (NIH 1U01HL121841-01A1)



Thoracoscopy

The use of local anaesthetic thoracoscopy, as a combined diagnostic and therapeutic
procedure for suspected malignant pleural disease has been well established®® and
is commonly practiced in most specialist centres. There has been an increased
interest in its role in the management of pleural infection. In theory, thoracoscopy
has the advantage of allowing the chest physician to mechanically divide and break
up septations in the pleural space, followed by targeted placement of a chest tube
under direct vision for optimal position and drainage, associated with a lavage
procedure. The initial data is promising; results from a retrospective series of 127
patients quoted a success rate of 91% with a 6% thoracotomy conversion rate®. A
separate smaller case series of 41 patients from another group reported similar
results ?1 and there are currently two randomised control trials recruiting in Europe
and the United States comparing this modality to standard of care and IPFT. It is safe
to say that this treatment strategy is likely to be limited to centres with significant
expertise and on-site access to thoracic surgery, but nonetheless, forms a potentially
exciting development as an option for the older, frail patient with higher surgical
and general anaesthetic risk.

Surgery

Sir William Osler (1849-1919) once famously quoted that “Empyema needs the cold
steel of a surgeon rather than some fool of a physician”. Sadly, he went on to die of
surgical complications after undergoing surgery.

Current guidelines advocate the use of surgery when an advanced fibrotic state is
suspected with extensive pleural thickening that is likely to require decortication, or
more commonly, as rescue therapy when patients with empyema or a complex
parapneumonic effusion fail medical treatment?!, usually judged 5-7 days into the
initiation of treatment®293. Randomised trial data demonstrates that this scenario
will occur in 20-30% of cases?1.72. Failure of medical therapy continues to be defined
as clinical evidence of worsening infection or sepsis, combined with residual pleural
collection on imaging 41. Guidelines that made these recommendation were based on
low quality evidence. To date, there is no robust data to identify which patients are
likely to benefit from surgical intervention, or a means to predicting the optimal
point at which they should be referred. The development of clinical risk scores,
such as the RAPID score 38, that enable us to prognosticate at the time of
presentation, are likely to go some way in achieving this. The adoption of video
assisted thoracoscopic surgery (VATS) as the 1stline surgical option in pleural
infection 2495 has meant that this less invasive procedure is available to more
patients fit enough to undergo an operation. A meta-analysis comparing VATS to
traditional thoracotomy and decortication has demonstrated it’s superiority with
advantages of VATS including reduced post-op morbidity, complications and length
of hospital stay, with similar success rates in terms of resolution of disease °°.



The question remains as to whether VATS at initial presentation is superior to
medical treatment. A recent Cochrane review suggested that there is no statistically
significant difference in mortality between primary surgical and non surgical
management of pleural empyema for all age groups °7. However, there was
insufficient evidence to assess the impact of fibrinolytic therapy. The authors
concluded that there was limited evidence to suggest that VATS reduced length of
stay in hospital. This would appear to be more consistent with data from the larger
randomised studies in children, which have shown no clinical benefit and an
increased cost of VATS compared with chest drainage and fibrinolytic therapy®8-101,
Delayed referral as well as pleural infection caused by more resistant gram negative
organisms is clearly associated with worse outcomes and increasing rate of
conversion of VATS to open thoracotomy 102. Open window thoracotomy remains a
potentially life saving option for patients with pleural space infection after thoracic
surgery procedures such as pneumonectomy and lobectomy, and the use of vacuum-
associated closure devices might enhance the care of these patients by accelerating
recovery 101,103,

CONCLUSION AND FUTURE DIRECTIONS

The use of IPFT has revolutionized the medical management of pleural infection and
meant that fewer patients require surgical intervention. However, just as we have
seen heterogeneity shape the clinical phenotyping of other respiratory disorders,
the same may be applicable to pleural infection. Clinical scoring systems, taking into
account clinical, radiological, microbiological as well as biochemical features, may
help stratify patients at presentation. A better understanding of the mechanisms of
effusion formation and action of fibrinolytic therapy, may help us determine which
patients are less likely to respond to IPFT, and therefore benefit from early surgery.
Further research is required to optimise the dosing regimen of IPFT, administration
protocol, timing of the intervention as well as refining patient selection. This may
extend the safety profile and better justify the associated costs. Longer term effects
of the IPFT, such as preservation of lung function, remain unknown. Saline irrigation
through a chest tube is a relatively simple intervention that may soon enhance
standard of care medical treatment. A much larger cohort is needed to better define
the optimal drug regimen, route and duration of antimicrobial therapy for
empyema, and data on intrapleural antibiotics remains scarce. It has already been
proven that the microbiological profile of the pleural space differs from lung
parenchymal infections and methods of improving the culture yield, such as parietal
pleural biopsy is showing promising results. Medical thoracoscopy in the context of
pleural infection may be an early treatment option, with potential diagnostic as well
as a therapeutic benefit. Rapid inactivation of IPFT by inhibitors such as PAI-1 in
pleural fluid may mean that novel agents such as scuPA could prove advantageous.
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Figure legends

Figure 1: Chest X-ray shows the partial encystment of the pleural collection as noted
by the steep upper border of the opacity

Figure 2: A Chest X-ray shows a rounded opacity that does not obscure the heart
borders or the diaphragm. B Chest CT reveals posteriorly loculated pleural
collection. Note the enhancing pleura (split pleura sign) and the extralpeural fat
hypertrophy

Figure 3: Ultrasound images of A) heavily septated pleural effusion and B) echogenic
free pleural effusion



