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Abstract

Background Complicated pleural infection comprises of complex effusions and empyema. When tube thora-
costomy is ineffective, treatment options include surgical drainage, deloculation and decortication or intrapleural
fibrinolysis. We performed a systematic review and meta-analysis to examine which technique is superior in treating
complicated pleural infections.

Methods PubMed, MEDLINE and EMBASE databases were searched for studies published between January 2000

to July 2023 comparing surgery and intrapleural fibrinolysis for treatment of complicated pleural infection. The
primary outcome was treatment success. Secondary outcomes included hospital length of stay, chest drain duration
and in-hospital mortality.

Results Surgical management of complicated pleural infections was more likely to be successful than intrapleural
fibrinolysis (RR 1.18;95% CI 1.02, 1.38). Surgical intervention group benefited from statistically significant shorter
hospital length of stay (MD: 3.85; 95% Cl 1.09, 6.62) and chest drain duration (MD: 3.42; 95% Cl 1.36, 5.48). There
was no observed difference between in-hospital mortality (RR: 1.00; 95% C1 0.99, 1.02).

Conclusion Surgical management of complicated pleural infections results in increased likelihood of treatment
success, shorter chest drain duration and hospital length of stay in the adult population compared with intrapleural
fibrinolysis. In-hospital mortality did not differ. Large cohort and randomized research need to be conducted to con-
firm these findings.

Keywords Complicated pleural infection, Empyema, Pleural effusion, Intrapleural fibrinolysis

Introduction

Complicated pleural infections, including complicated
parapneumonic effusions and empyema, are character-
ised by the presence of purulent fluid within the pleural
space [1]. They are associated with significant morbidity
and mortality, with reported all-comer mortality rates
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The American Thoracic Society describes empyema
in three stages: stage I being the exudative stage; stage
II being the fibropurulent stage; and stage III being the
organized stage (Table 1). For stage I empyema, intrave-
nous antibiotics and chest drain insertion is a common
and often adequate initial management strategy, with
success rate around 80% [7]. Several options exist to treat
more advanced stages of empyema, varying from intra-
pleural instillation of fibrinolytics, video-assisted thora-
coscopic surgery and open decortication.

The rationale behind intrapleural fibrinolytic agent
stems from observing decreased concentration tissue
plasminogen activator and increased concentration of
plasminogen activator inhibitor in the empyema fluid,
resulting in overall decreased fibrinolytic activity [8]. By
instilling intrapleural fibrinolytic agent, the aim of the
treatment is to break down fibrin deposits, reduce fluid
viscosity and facilitate drainage [9].

There is no consensus as to which treatment modal-
ity should be the next step in the management when
antibiotic therapy and chest drain insertion fails, with
proponents of early surgery suggesting that the surgi-
cal management leads to a better pleural space control,
decreased risk of lung restriction and less requirement
for an open decortication, while advocates of intrapleural
fibrinolysis believe fibrinolysis can reduce the need for
surgical intervention and is a reasonable initial manage-
ment [10-12].

The aim of this systematic review and meta-analysis is
to compare the outcomes between intrapleural fibrinoly-
sis and the current gold standard surgical management in
adult patients with complicated pleural infections.

Materials and methods
Literature search strategy
Literature search was conducted on PubMed, Ovid
MEDLINE and EMBASE databases from 1st Janu-
ary 2000 to 5th July 2023. The search terms used were
(empyema OR effusion) AND (fibrinol* OR surg*). The
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Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were followed.

Two authors (JC and BI) conducted independent litera-
ture search on selected databases to identify eligible stud-
ies. Screening of title, abstract and full manuscript were
performed individually. Thirty-one full-text publications
were independently reviewed for their eligibility. Discrep-
ancies between authors’ decisions were resolved through
consensus or referral to third author (JK). Details are out-
lined in Fig. 1.

Eligibility criteria

The eligibility criteria for study inclusion were: (1) any
retrospective or prospective investigative studies exclud-
ing case reports; (2) direct comparison between intra-
pleural fibrinolysis and thoracic surgery; (3) thoracic
surgery defined video-assisted thoracoscopic surgery
(VATS) or open decortication; (4) presentation of out-
comes of stratified by intervention type; (5) publication
date from January 2000 to search date; and (6) English
language publication.

The primary surgical outcome of interest was treatment
success. Secondary outcomes included hospital length of
stay, post-operative chest drain duration and in-hospital
mortality.

Risk of bias

Quality assessment for non-randomised studies was per-
formed independently by two authors (JC and JK) using
the Newcastle-Ottawa Scale [13] (Table 2). This scale
assesses selection, comparability and outcome for quality
and risk of bias.

Statistical analysis

Continuous variables were presented as either mean and
standard deviation or median with interquartile range.
Categorical variables were presented as numbers and/
or percentages. Meta-analysis was performed using raw
data presented in each study and summarised in the
form of risk ratios (RR) for binary outcomes and mean

Table 1 Stages of empyema, description, and commonly accepted treatment strategies

Empyema stage Description Treatment
|—Exudative Sterile exudate, low in cellular count, accumulating in the pleural space Antibiotics
Intercostal drain
ll—Fibropurulent Frank pus and increase in white cells Antibiotics
Intercostal drain
Fibrinolysis
Decortication
lll—Organized Fibroblast proliferation. Formation of thick peel (rind) and potential lung entrapment. Pleural  Antibiotics
space accumulates very thick exudate with heavy sediment Fibrinolysis

Decortication
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Identification of studies via databases and registers

_5 Records identified from: E;Z%r:; rfamoved before
R PubMed (n=1255) 9-
& Ovid MEDLINE and > Duplicate re_zcords removed
= EMBASE (n=3077) by automation (n=216)
35 Total (n=4332)
. \ 4
. Records excluded by screening
(Rnezzo(;'gg)screened. —»| title and/or abstract:
(n=3994)
\ 4
Reports sought for retrieval: > Reports not retrieved:
g (n=31) (n=0)
c
(]
e
" \ 4
Reports assessed for eligibility: Reports excluded:
(n=31) Total (n=21)
Duplicate (n=5)
Not empyema (n=2)
Not direct comparison
(n=14)
—J
Studies included in review:
2 (n=10)
s
Té Studies included in meta-
= analysis:
— (n=10)
Fig. 1 PRISMA flowchart
difference (MD) for continuous outcomes. Outcomes of  Results

interest reported as median and interquartile range were
converted to mean and standard deviation by the method
outlined by Luo et al. [14], assuming a normal distribu-
tion for the cohort. The random effects model was used
to assess effect estimates. Tau? (T?) and I? values were
used to assess heterogeneity. I* cut-off of 25%, 50% and
75% were used to indicate low, moderate, and high heter-
ogeneity, respectively. Statistical significance was defined
as p<0.05. All statistical analysis was performed using
Review Manager 5.4 (Cochrane Collaboration, Software
Update, Oxford, UK).

Study characteristics
The literature search returned 4,332 records for screen-
ing. After duplicates were removed, 4,025 records were
screened based on title and abstract. Thirty-one studies
underwent full text review and application of inclusion
criteria, following which ten studies were deemed eligi-
ble for inclusion in this review [15—24]. Five studies were
prospective [15, 18, 21, 23, 24] and remaining five studies
[13, 14, 16, 17, 19] were retrospective in nature. All ten
studies were included in the meta-analysis.

The total study population was 757 and cohort sizes
ranged from 20 to 159. All included studies directly
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compared intrapleural fibrinolysis with surgery (VATS
and/or open decortication). 376 patients received intra-
pleural fibrinolysis and 381 patients underwent thoracic
surgery. The baseline study characteristics are summa-
rized in Tables 3 and 4.

Intrapleural fibrinolysis

Fibrinolytic agents used included alteplase [16], strep-
tokinase [12, 14, 17-19], urokinase [13, 15, 20], and a
combination of tissue plasminogen activator (tPA) and
dornase alfa (DNase) [15, 21]. These agents were diluted
in 30-250 ml of 0.9% NaCl and instilled via chest tube,
where the tube was subsequently clamped for a period
of between 1 to 6 h post instillation. The process was
repeated up to twice per day, and the maximum duration
of therapy was 14 days in one study [12]. Treatment dura-
tion was unspecified in two studies [16, 20]. Some studies
prescribed a fixed duration of therapy, while others were
guided by drain output of <100 ml/24 h [17, 18].

Surgical technique

The most prevalent surgical technique was video-
assisted thoracoscopic surgery (VATS) used in nine out
of ten studies [13—21]. Only one study solely focused on
thoracotomy and open decortication [12]. Three studies
reported outcomes in both VATS and open approaches
[13, 18, 20].

Cohort demographics

No statistically significant baseline patient demographic
differences were demonstrated between the surgical
and intrapleural fibrinolysis groups. Specifically, when
comparing surgical group to the intrapleural fibrinolysis
group, age (MD: — 1.54; 95% CI — 3.56, 0.47), female sex
(RR: 0.86; 95% CI 0.39, 1.90), COPD (RR: 1.43; 95% CI
0.88, 2.34), smoking (RR: 1.10; 95% CI 0.59, 2.06), diabe-
tes (RR: 1.25; 95% CI 0.80, 1.97) and detection of positive

Table 3 Summary of Study Characteristics
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fluid culture (RR: 1.29; 95% CI 0.87, 1.92) did not differ
significantly.

Clinical outcomes

Surgical management of complicated pleural infec-
tions was more likely to be successful than intrapleural
fibrinolysis (RR 1.18; 95% CI 1.05, 1.32) (Fig. 2). Patients
who received surgical intervention benefited from sta-
tistically significant shorter hospital length of stay (MD:
3.85 days; 95% CI 1.09, 6.62 days) (Fig. 3) and chest drain
duration (MD: 3.42 days; 95% CI 1.36, 5.48 days) (Fig. 4).
There was no observed difference between in-hospital
mortality (RR: 1.00; 95% CI 0.99, 1.02).

Sensitivity analysis was performed using the leave-
one-out analysis method. Treatment success remained
statistically significant. Treatment success remained sta-
tistically significant in favour of surgical approach (RR:
1.18; 95% CI 1.02, 1.38) when the largest study reporting
treatment success was removed [18]. Similarly, hospital
length of stay remained significantly shorter in the sur-
gical group (MD: 4.33 days; 95% CI 1.28, 7.39 days). No
statistically significant differences were observed in chest
drain duration (MD: 3.75 days; 95% CI 0.76, 6.73) and in-
hospital mortality (RR: 1.01; 95% CI 0.98, 1.04).

Comment

To the authors’ knowledge, this is the first systematic
review and meta-analysis to directly compare outcomes
of intrapleural fibrinolysis against the gold standard
surgical management in the treatment of complicated
pleural infections. Our meta-analysis demonstrated
that surgery was more likely to be successful, lead to
shorter chest drain duration and hospital length of stay
in cohorts matched for potentially confounding factors
including age, sex, smoking status, diabetes and positive
pleural fluid culture.

Author, year Study period Location Study design Study participants  Follow-up duration
Ahmed, 2016 NR Pakistan P 78 In-hospital stay
Dusemund, 2013 Jan 2001 - Dec 2008 Switzerland R 78 In-hospital stay
Ershadi, 2022 Jan 2018 - Jan 2021 Iran R 46 In-hospital stay
Federici, 2021 Jan 2014 - Jan 2018 Switzerland P 159 In-hospital stay
Kermenli, 2021 Mar 2015 - Aug 2020 Turkey R 49 NR

Metin, 2010 Jan 1995 - Dec 2007 Turkey R 67 NR
Muhammad, 2012 Jan 2008 - June 2010 Egypt p 69 6 months
Samancilar, 2018 Jan 2005 - Dec 2014 Turkey R 78 In-hospital stay
Suarez, 2012 2001 - 2007 Spain P 113 1 year
Wilshire, 2023 Mar 2019 - Dec 2021 USA Prospective RCT 20 90 days

NR: Not Reported; P: Prospective; R: Retrospective; RCT: Randomised Controlled Trial
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Author, year Surgeryvs  Surgical technique Fibrinolysis technique Cohort demographics Definition of treatment
fibrinolysis (surgery vs fibrinolysis) success
(n)
Ahmed, 2016 43 vs 35 Open Agent(s): Streptokinase Age: 55.53 (8.82) vs 56.42 Fibrinolysis
Dose: 250,000 units (821),p=0.89 - Daily drainage <50 ml
Dilution: 100 ml 0.9% NaCl BMI: 25.8 (4.56) vs 24.8 (3.9),  or resolution of pleural collec-
Chest drain clamp time:4h  p=029 tion on chest radiography
Duration: Daily for up to Female %: 11.6vs 17.1 Surgery
14 days COPD:NR - No air leak and daily drain-
Smoker: 16 vs 12, p=0.79 age <50 ml post complete
Diabetes: 14 vs 9, p=0.51 decortication to obtain maxi-
Positive pleural fluid culture:  mum lung expansion
39vs 33, p=0.69
Dusemund, 2013 30vs48 VATS +Open Agent(s): Urokinase Age: NR N/A
Dose: 100,000 units BMI: NR
Dilution: 100 ml 0.9% NaCl Female %:42.3 vs 57.7
Chest drain clamp time:4h ~ COPD: NR
Duration: NR; repeated Smoker: 33 vs 16
up to 5 times Diabetes: 11 vs 2
Positive pleural fluid culture:
17 vs 31
Ershadi, 2022 28vs 18 VATS Agent(s): Streptokinase Age: 456 (10.6) vs 47.1 (11.3), - Sufficient pulmonary expan-
Dose: 250,000 units p=0.666 sion thus not requiring decor-
Dilution: 100 ml 0.9% NaCl BMI: NR tication via thoracotomy
Chest drain clamp time:4h  Female %: 214 vs 22.2,
Duration: 4 consecutive days p=0.949
COPD:2vs 1
Smoker: NR
Diabetes: 4 vs 3
Positive pleural fluid culture:
13vs9
Federici, 2021 66 vs 93 VATS Agent(s): Urokinase (until Age: 56 [16] vs 62 [17], - Daily drainage < 200 ml
2016)— tPA + DNase p=0.048 - Cessation of air-leak
Dose: 250,000 BMI: - Resolution of infection /
units—>10+5mg Female %: 30.3 vs 31.2, sepsis
Dilution: 30 ml 0.9% NaCl p=0.906 - Resolution of pleural locula-
Chest drain clamp time:3h ~ COPD: 8 vs 7, p=0.705 tions
Duration: BD for 5 days—BD  Smoker: NR
for 5 days Diabetes: 6 vs 14 p=0.057
Positive pleural fluid culture:
28 vs 24
Kermenli, 2021 28 vs 21 VATS Agent(s): Alteplase Age: Combined: 50.6 (17.8), - Lung expansion
Dose: 10 mg p=0.294 - Cessation of air-leak
Dilution: 100 ml 0.9% NaCl BMI: NR - Serous drain output
Chestdrain clamp time: 1 h ~ Female %: NR separately - Daily drainage <200 ml
Duration: BD; treatment COPD: 5vs 1
duration not specified Smoker: NR
Diabetes: 4 vs 4
Positive pleural fluid culture:
5vs6
Metin, 2010 44 vs 23 VATS Agent(s): Streptokinase Age: 49 [15] vs 55 [16] - Daily drainage < 100 m

Dose: 250,000 units

Dilution: 250 ml 0.9% NaCl
Chest drain clamp time:
4-6h

Duration: Daily, until drain-
age < 100 ml/24 h and serous

BMI: NR

Female %: 40.9 vs 26.1
COPD: NR

Smoker: NR

Diabetes: NR

Positive pleural fluid culture:
31vs 13

- Serous drain output
->50% pleural fluid drainage
- Adequate lung expansion

- Control of sepsis
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Author, year Surgeryvs  Surgical technique Fibrinolysis technique Cohort demographics Definition of treatment
fibrinolysis (surgery vs fibrinolysis) success
(n)
Muhammad, 2012 49 vs 20 VATS and Open Agent(s): Streptokinase Age: 32.0 (8.86) vs 32.3 (9.62)  Fibrinolysis
Dose: 250,000 units BMI:NR - Daily drainage < 100 ml
Dilution: 100 m! 0.9% NaCl Female %: 25.49 vs 25 - Radiologic resolution of pleu-
Chest drain clamp time:4h ~ COPD: NR ral collection
Duration: Daily for 7 days Smoker: NR Surgery
or until< 100 ml/24 h Diabetes: NR - Complete lung re-expansion
Positive pleural fluid culture:  (lungs touching lateral wall
NR and diaphragm)
- Cessation of air leak
- Daily drainage < 100 ml
Samancilar, 2018 54 vs 24 VATS Agent(s): Streptokinase Age: 4448 (16.77) vs 45.75 N/A
Dose: 250,000 units (13.17), p=0.744
Dilution: NR BMI:NR
Chest drain clamp time: NR Female %: 24.07 vs 20.83,
Duration: Daily for 5 days p=0.754
COPD: 10vs 5
Smoker: NR
Diabetes: 5 vs 0
Positive pleural fluid culture:
NR
Suarez, 2012 29 vs 84 VATS +Open Agent(s): Urokinase Age: 532 (134) vs 51.7 (12.5)  N/A
Dose: 100,000 units BMI: NR
Dilution: NR Female %: 24.1VS 20.2
Chest drain clamp time:NR ~ COPD: 7 vs 12
Duration: TDS for 48 h Smoker: 16 vs 45
Diabetes: 3 vs 14
Positive pleural fluid culture:
NR
Wilshire, 2023 10vs 10 VATS Agent(s): tPA and DNase Age: 592 (17.2) vs 524 (18.1) - Resolution of infection (fever,
Dose: 10 mg and 5 mg BMI: 27 [24-29] vs 24 [22-33] leucocytosis and persistent
Dilution: NR Female %: 20 vs 30 pleural collection>48 h
Chest drain clamp time: 1h~ COPD: 1 vs 1 post intervention)
Duration: BD for total of 4 Smoker: NR
to 6 doses Diabetes: 1 vs 1
Positive pleural fluid culture:
7vs4
Surgery Fibrinolysis Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Ahmed 2016 42 43 30 35 19.6% 1.14[0.99, 1.31) re—
Ershadi 2022 26 28 12 18 7.8% 1.39[0.99, 1.96)
Federici 2021 63 66 73 93 21.7% 1.22[1.08,1.37] —.=
Kermenli 2021 25 28 17 21 122% 1.10[0.86, 1.41] e
Metin 2010 44 44 22 23 227% 1.05[0.95,1.17] ulll
Muhammad 2012 45 47 10 20 5.2% 1.91[1.23, 2.98)
Wilshire 2023 10 10 9 10 108% 1.11[0.85, 1.44) [
Total (95% CI) 266 220 100.0% 1.18 [1.05,1.32] &
Total events 255 173
Heterogeneity: Tau®= 0.01; Chi*=14.28, df= 6 (P = 0.03); F= 58% :02 0?5 é 57

Test for overall effect: Z= 2.85 (P = 0.004)

Favours Fibrinolysis Favours Surgery

Fig. 2 Forest plot displaying relative risk (RR) of treatment success between surgical management and intrapleural fibrinolysis

Standard initial medical management, comprising of
antibiotics and chest tube drainage, is reported to fail in
approximately 30% of patients [25]. It should be noted
that while intrapleural fibrinolysis may beneficially avoid
surgery in a select group of patients, its failure means

delayed surgical referral and treatment leading to fur-
ther deterioration of patients. Further, it can increase the
complexity of the operation by increasing the likelihood
of conversion to open surgery and bleeding, given stud-
ies have reported approximately 4% clinically significant
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Fibrinolysis Surgery Mean Difference Mean Difference

Study or Subgroup  Mean [Days] SD [Days] Total Mean [Days] SD [Days] Total Weight IV, Random, 95% CI IV, Random, 95% CI

Ahmed 2016 17.6 195 35 12.09 218 43 121% 5.51[4.59,6.43] -3

Ershadi 2022 7.5 35 18 2.8 1.7 28 11.7% 4.70(2.96,6.44] -

Federici 2021 12.4116 9.0918 93 7.353 3.7895 66 11.5% 5.06([3.00,7.12] —

Kermenli 2021 6.73 194 21 6.35 132 28 121% 0.38 [-0.58, 1.34] e

Metin 2010 11 323 3 1 44 11.9% 8.00[6.74,9.26] -

Muhammad 2012 11.65 368 20 8.3037 37745 49 11.6% 3.35(1.42,5.27) =

Samancilar 2018 14.25 6.44 24 6.91 263 54 11.0% 7.34 [4.67,10.01) =

Suarez 2012 87 23 84 131 34 23 11.8% -4.40[587,-2.93] -

Wilshire 2023 1 12.04 10 5 1.72 10 6.4% 6.00[-1.54,13.54] 7

Total (95% CI) 328 345 100.0% 3.85[1.09, 6.62] -

Heterogeneity: Tau®= 16.26; Chi*= 230.23, df= 8 (P < 0.00001); F=97% -2=0 _150 ) 130 210

Test for overall effect: Z= 2.73 (P = 0.006)

Favours Fibrinolysis Favours Surgery

Fig. 3 Forest plot displaying mean difference (MD) of hospital length of stay between surgical management and intrapleural fibrinolysis, displayed

in days

Fibrinolysis Surgery Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ershadi 2022 7.5 44 18 3 1.6 28 139% 4.50[2.38,6.62)
Federici 2021 53521 2.2591 93 3 1.5158 66 16.1% 2.35[1.77,2.94) -
Kermenli 2021 7.1 2 21 6.96 27 28 153% 0.14[-1.18,1.46] e
Metin 2010 ] 3 23 2 1 44 154% 7.00[5.74, 8.26) =
Muhammad 2012 6.65 2.08 20 6.4694 29156 49 154% 0.18[-1.04,1.40] o
Samancilar 2018 17.33  9.006 24 7.24 44047 54 105% 10.09[6.30,13.88) —_——
Wilshire 2023 5739 3.44 10 4 1.72 10 13.4% 1.74 [-0.64,4.12)
Total (95% ClI) 209 279 100.0% 3.42[1.36, 5.48] i
Heterogeneity: Tau®= 6.78; Chi*= 94.46, df= 6 (P < 0.00001); F= 94% _150 '5 o é 1=L'l

Test for averall effect: Z= 3.26 (P = 0.001)

Favours Fibrinolysis Favours Surgery

Fig. 4 Forest plot displaying mean difference (MD) of chest drain duration between surgical management and intrapleural fibrinolysis, displayed

in days

bleeding risk where majority of those affected required
an active intervention such surgical exploration (25%),
additional chest drain (6%) or administration of blood
products (53%) [26]. Evidently, serious complications
can arise within the intrapleural fibrinolysis group and
in-hospital mortality did not differ between the two com-
parable cohorts. Thus, our analysis supports the notion
that patients with complicated pleural infections should
be promptly referred to thoracic surgeons for review and
determination of surgical candidacy to avoid any delay in
treatment with view to determining the best treatment
strategy within the multidisciplinary setting involving
surgeons and respiratory physicians.

This study has several limitations. The results of
current meta-analysis are moderate- to highly heter-
ogenous. The cause of the heterogeneity is likely mul-
tifactorial, reflecting the small pooled cohort size,
inconsistencies in the treatment regimens particularly
in the fibrinolysis arm and inherent ambiguity in defin-
ing what is “treatment success”. Sensitivity analysis
performed to circumvent this issue showed that the
primary outcome of treatment success as well as the
important measure of hospital length of stay remained

statistically significant in favour of surgical decor-
tication. Difference in chest drain duration was no
longer statistically significant and in-hospital mortal-
ity remained statistically indifferent. Selection bias is
also particularly relevant in current meta-analysis as
in many studies patient assignment to treatment were
not randomized. This could mean that those who were
referred and treated for surgery may have had a better
physiological baseline to tolerate such invasive proce-
dure. For example, the fibrinolysis cohort in the study
by Federici et al. [18] were statistically significantly
older, and almost significantly more likely to be dia-
betic whereas Dusemund et al. [16] observed that those
in the surgical group were more frequent smokers and
diabetic. These baseline differences may serve as a
major confounder in the analysis.

Further, owing to the small number of studies that
were eligible for this systematic review and meta-
analysis, we were unable to examine several poten-
tially insightful outcomes such as morbidity, time until
return to work, opioid use and quality of life after dis-
charge from the hospital. These deficiencies highlight
the need for future high-powered trials which compare
the two treatment strategies.
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Conclusion

Our analysis demonstrates that surgical management of
complicated pleural infections is more likely to be suc-
cessful and result in shorter chest drain duration and
hospital length of stay in the adult population. In-hospi-
tal mortality did not differ. Larger randomised controlled
trials and research reporting on short and long-term out-
comes, economic burden and other important measures
of morbidity are required to confirm the current find-
ings and to determine optimal treatment for complicated
pleural infections.
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