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Abstract: A complex para-pneumonic effusion is a descriptive term for exudative effusions, which
complicate or are likely to complicate the anatomy of the pleural space after pneumonia. We performed
an online search was performed using the resources PubMed and Google Scholar to provide an update on
the management of such effusions based on review of published literature. Search terms including pleural
effusion (PE), parapneumonic effusion, and empyema were used. Relevant studies were identified and
original articles were studied, compared and summarized. References in these articles were examined for
relevance and included where appropriate. Studies involving pediatric patients were excluded. Management
of para-pneumonic PE has changed tremendously over the last decade. As we accumulate more evidence in
this area, approach to pleural fluid drainage is becoming more specific and guideline based. An example of
a practice changing study in this aspect is the Multi-center Intrapleural Streptokinase Trial (MIST) 2 trial
which demonstrated that a combination of intra-pleural tPA and DNAse improved outcomes in pleural
infections compared to DNase or t-PA alone. More randomized control trials are needed to describe the role
of surgical techniques like VATS (video-assisted thoracoscopic surgery) when MIST 2 protocol fails; this

combination has revolutionized the management of empyema in recently.
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Introduction

The pleural sac is the space between the lung (lined by
visceral pleura) and the chest wall (lined by the parietal
pleura). This space normally contains a thin layer of fluid
called the pleural fluid, which functions as a lubricant
and assists in reducing friction between the two lining
surfaces during respiration. The pleural fluid is produced
by the capillaries in parietal pleura and is absorbed by the
lymphatics in the parietal pleura, which can under normal
circumstances absorb the fluid at rate of about 20 times the
rate of production (1). Under certain disease states, the fluid

can also enter the pleural cavity from the lung interstitium
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via the visceral pleura or from the communications across
the diaphragm to the peritoneal space (2). A pleural effusion
(PE) is said to be present when there is excessive fluid within
the pleural space and occurs when the rate of accumulation
of the fluid exceeds the rate of drainage. Patients suspected
of having PE are evaluated further typically by imaging of
the chest like a chest roentgenogram or ultrasound or CT
scan to further characterize the effusion. Once the presence
of PE is established, the next step to acquire and analyze the
pleural fluid (3). Broadly, the effusions are classified as either
transudative or exudative (4). Transudative effusions are
caused by systemic factors like congestive heart failure (CHF)
or nephrotic syndrome which alter the hydrostatic and/or
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oncotic forces across the capillaries involved in formation
or removal of the pleural fluid (5). Exudative effusions
on the other hand are usually caused by local factors like
inflammation of pleura or the lungs. Other mechanisms of
exudative effusions include impaired lymphatic drainage of
the pleural fluid, disruption of thoracic duct and movement
of peritoneal fluid through connections across the diaphragm,
etc. (6). The most widely used criteria for differentiation of
transudative and exudative effusions are the Light’s criteria
which as follows (4).

(I) Pleural fluid protein/serum protein ratio greater
than 0.5;

(II) Pleural fluid lactate dehydrogenase (LDH)/serum
LDH ratio greater than 0.6;

(IIT) Pleural fluid LDH level greater than two-thirds the
upper limit of the laboratory’s reference range of
serum LDH.

The effusion is considered to be exudative when one
of the three criteria is met. If none of the criteria are met,
the effusion is considered to be transudative. Transudative
effusions usually respond to medical treatment of the
systemic factors contributing to the effusion. However,
the exudative effusions can pose a diagnostic and
therapeutic challenge, often needing non-surgical/surgical
intervention(s) in addition to medical management (6,7).

Overview of management of exudative effusions

The first step in the management of a new onset PE is a
diagnostic thoracentesis or tap (6). Only in few specific
circumstances is a tap not warranted, for example if there
is a strong suspicion of heart failure as a cause of the
effusion(s), then a trial of medical therapy for heart failure
can be done prior to a thoracentesis (8). The differentiation
between transudative and exudative effusions is made
based on the analysis of pleural fluid as explained above.
Certain characteristics of the pleural fluid increase the
possibility of the effusion being complicated, which
include: loculated fluid, pH <7.2, glucose <60 mg/dL,
positive gram stain or culture and gross purulence. In the
presence of these factors or if the fluid re-accumulates after
initial tap, a repeat thoracentesis should be performed (9).
If the fluid can’t be completely removed, then there are
various options available including tube thoracostomy, use
of intrapleural fibrinolytics, video assisted thoracoscopic
surgery (VATS) and open drainage (OD) (10). Discussing
the utility of these various procedures is the crux of this
review.
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Management of parapneumonic effusions

Parapneumonic pleural effusion (PPE) refers to a PE
associated with a focus of infection in the lungs, which
can be bacterial pneumonia, a pulmonary abscess, or
infected bronchiectasis (11). It is seen in about 20%
of the hospitalized patients with pneumonia (12) and
approximately 1 million patients develop PPEs annually in
the United States (US) (13). Empyema is said to be present
when there is gross purulence or presence of bacteria in
the pleural fluid as evidenced by gram stain. It is divided
into early (stage I or exudative) and advanced stages (stage
II or fibrinopurulent; and stage III or organizing). Also,
the presence of thickened parietal pleura on contrast
enhanced CT scan is suggestive of empyema (14-16). The
rate of parapneumonic empyema related hospitalizations
in the US have doubled from 1996 to 2008 and the trend
was observed across all age groups (17). Empyema is
associated with substantial cost burden and remains an
important cause of morbidity and mortality. Early diagnosis,
appropriate antimicrobial therapy and adequate drainage
of effusion are important in decreasing morbidity and
mortality (18). Antibiotic therapy must cover the bacteria
implicated in causing pneumonia in that particular setting.
Also, anaerobic coverage must be added if there is clinical
suspicion or microbiological evidence of involvement of
anaerobic bacteria in the infection. The decision to drain
the PPE is made based on three important considerations:
pleural space anatomy, pleural fluid chemistry and pleural
fluid microbiology. A panel developed by the Health and
Science Policy Committee of the American College of
Chest Physicians classified PPE into four groups based on
risk for poor outcome, which is presented in Table I at the
end of the article (25).

Based on the consensus opinion, the panel recommended
that patients with category 1 and category 2 risk for poor
outcome with PPE may not require drainage; however,
drainage was recommended for management of category 3
and 4 PPE. Therapeutic thoracentesis or tube thoracostomy
alone may be insufficient treatment for managing most
patients with category 3 or 4 PPE. Fibrinolytics, VATS, and
surgery are acceptable approaches for managing patients
with category 3 and category 4 PPE which do not respond
to less invasive drainage methods.

The panel however exercised caution while interpreting
the above recommendations as some of the studies reviewed
has revealed conflicting data (26,27).

Though antibiotic therapy alone may be sufficient in

7 Thorac Dis 2017;9(7):2135-2141



Journal of Thoracic Disease, Vol 9, No 7 July 2017 2137

certain cases, it remains to be ascertained whether early
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Tube thoracostomy or chest tube drainage is the least
invasive method of draining the pleural fluid after
therapeutic thoracentesis. For free flowing fluid which
is uniloculated, chest tube drainage usually works well.
However, this form of drainage is also frequently used,
at least as the initial approach in the management of
multiloculated effusions as well. While multiloculated
effusions are typically drained using smaller bore catheters
to allow placement of multiple tubes, the uniloculated
effusions were traditionally drained using large bore
catheters to allow thick, viscous fluid to be drained.

(regardless of exposure to antibiotics)

B, culture and gram stain results
B, negative gram stain and cultures
B, positive gram stain or cultures

unknown
B, pus

However, with increasing evidence suggesting that smaller
tubes are not associated with inferior outcomes, large bore
tubes are falling out of favor. The Multi-center Intrapleural
Streptokinase Trial (MIST 1) concluded that there was

no significant difference in mortality or need for thoracic

Option  Pleural fluid bacteriology

And
Or

surgery among large (15-20 F), medium (10-14 F),
or small (<10 F) tubes (30). Also, patients on whom large
bore tubes were used complained of significantly higher
level of pain. Chest tube insertions for complicated
effusions must be done under imaging guidance as the
added cost for the procedure is expected to be more than
compensated by the increased success of drainage (31).
Some studies have shown that performer skills in chest
tube insertion may be better in those who undergo training
on cadavers and medical simulators compared to the
conventional methods of training (32,33). Regular flushes
can help maintain the patency of small bore catheters,

A, small to moderate, free flowing effusion (>10 mm, And

Table 1 Classification of PPE based on risk for poor outcome
but < half of hemithorax)
(= half of hemithorax), loculated effusion or effusion

A, minimal, free flowing effusion (<10 mm on lateral
with thickened parietal pleura

decubitus)
A, large, free flowing effusion
PPE, parapneumonic pleural effusion.

Pleural space anatomy

especially when the fluid is thick. A post procedure CT
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scan within 24 hrs is needed to confirm proper placement.
Chest tubes are usually left in place until the daily output
from the tube falls below 50 mL.

Thoracoscopic debridement

VATS allows for a safe, effective and relatively less
invasive means of drainage of pleural fluid and has the
advantage of being able to be converted to thoracotomy
if adequate drainage is not achieved. Both debridement
and decortication can be performed through VATS. It has
also been considered as the “gold standard” diagnostic
procedure for investigation of pleural exudates. In one
study, empyema fluid culture positivity with VATS
(84.6%) was significantly higher than pre-VATS fluid
culture (35%). While chest tube drainage alone may be
sufficient for early stage empyema, the more advanced
stages have a high mortality rate without more advanced
methods of drainage. For example, one study evaluated
outcomes for different procedures in advanced empyema
(defined as stage II or more). The success rate (no death,
no additional drainage procedures) with VATS (around
80%) was double the success rate of tube thoracostomy
(40%) and was comparable with that of thoracotomy
(89%) (34).

Common indications for VATS drainage include
multiloculated empyema, empyema refractory to tube
thoracostomy and presence of pleural peel (35). In one
retrospective study, the success rate for drainage of early
stage multiloculated empyema was 66%, 95% and 100%
in the tube thoracostomy, fibrinolytic therapy and VATS
groups, respectively (36). The relatively high success rate
and lack of significant morbidity makes VATS a preferred
method of drainage. Though the safety and benefit of VATS
have been documented beyond doubt in multiple studies,
there are no evidence based recommendations on the
precise stage and timing for VAT'S. VATS has revolutionized
the management of empyema in the last decade and its role
has progressed from a diagnostic purpose to an intermediate
procedure for empyemas refractory to medical therapy and
as an early drainage procedure for complicated empyemas
in order to spare invasive surgery. There is data suggesting
improved outcomes with VATS as a primary drainage
method compared to chest tube drainage at no significant
cost difference. More studies are needed to further establish
the benefit of VATS as a primary drainage procedure,
especially from the cost perspective and there is a possibility
of a paradigm shift in the future in the initial drainage
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approach for empyema (37).

VATS decortication (VATSD) was initially evaluated as
a treatment option for early (stage I) empyema. However,
recently, several studies have suggested superior outcomes
with VATSD compared to Open Decortication (OD) even
in advanced stage II and stage III empyema. Still, there
is some concern expressed about the ability of VATSD
to achieve complete decortication in advanced empyema.
In the near future, VATSD can be expected to evolve as
the preferred approach for management of even advanced
empyema compared to OD.

Intrapleural fibvinolytics and DeoxyriboNuclease (DNase)

There is conflicting evidence and opinion about the use of
fibrinolytics alone to assist in the drainage of complicated
effusions. The earlier supposition that intrapleural
fibrinolytics improved outcomes, which was based on
small trials and case series (38-42) was refuted by a
meta-analysis (43) and the MIST 1 trial (44). A Cochrane
review of 7 studies recruiting 761 patients did not show
any difference in mortality with the use of fibrinolytics.
However, it was found that the use of fibrinolytics decreased
the need for surgical intervention, except that such a benefit
was not shown in the newer MIST 1 trial that was included
in the review. A more recent double blinded randomized
cross over study showed that intra pleural alteplase (25 mg)
was associated with less treatment failure (which was
defined as <50% improvement of effusion on CT scan)
compared to placebo. The dose range of intrapleural TPA
is reported to be between 10 and 100 mg daily with most
patients needing 3 to 4 doses (41). Adverse reactions with
intra-pleural fibrinolytics include pain, fever and allergic
reactions. Intrapleural fibrinolysis is not associated with
systemic thrombolysis and one study showed that pleural
hemorrhage occurred only in those who were on systemic
anticoagulation when receiving intrapleural fibrinolytics.
The main component contributing to viscosity of
exudative fluid is DNA which led to the use of intrapleural
DNase in the management of complicated effusions.
The MIST 2 trial which was a double blind randomized
study concluded that Intrapleural t-PA-DNase therapy
improved fluid drainage in patients with pleural infection
and reduced the frequency of surgical referral and the
duration of the hospital stay (45). Treatment with DNase
alone or t-PA alone was concluded to be ineffective.
Another multinational observation study looked at the
outcomes in 107 patients who received intrapleural tPA/
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DNase. Treatment success at 30 days, volume of pleural
fluid drained, improvement in radiographic pleural opacity
and inflammatory markers, need for surgery, and adverse
events were the measured outcomes. Over 90% of the
patients were successfully managed with intrapleural
tPA/DNase and did not need surgical intervention.
Majority of the patients received tPA/DNase more than
24 hours after failing antibiotics and tube thoracostomy.
Fluid drained increased from a median of 250 mL in the
24 hours preceding commencement of intrapleural therapy
to 2,475 mL in the 72 hours following treatment initiation
(P<0.05). There was a corresponding decrease in pleural
opacity and C-reactive protein. Adverse events included
pain and non-fatal bleeding. With these recent studies, it
is reasonable to conclude that intrapleural tPA/DNase is a
safe and effective drainage option (unlike tPA alone which
had conflicting evidence) especially as a rescue therapy
for patients who do not respond to initial conservative
management with antibiotics and chest tube drainage (46).
While, it is clear that tPA/DNAase is helpful, the exact
dosing may still need to be determined so as to have
maximal beneficence and minimal complications.

oD

Advanced stages of empyema are characterized by
deposition of fibrin on the pleural surfaces and formation
of “pleural peel”, which can limit re-expansion of the
lung leading to significant symptoms. In such late stages,
decortication/total pleurectomy is usually needed to
allow the re-expansion of the lung. The invasive option
is usually reserved for patients whose exercise tolerance
and quality of life remain limited for over six months due
to the fibrotic changes in the pleura. Though OD was
traditionally used for these advanced empyemas, new
evidence suggests better outcomes with VATSD, which is
taking over OD as the initial procedure of choice for such
empyemas (47). One study analyzed the predicting factors
for conversion thoracotomy and OD following VATS.
Factors studied included age, sex, presence of bacteria,
presence of gram-positive and gram-negative organisms,
and time interval between onset of symptoms and surgery,
as well as different etiologic groups (postpneumonic,
postoperative, posttraumatic, postembolic, tuberculosis).
It was found that delayed referral (>2 weeks) and presence
of gram-negative microorganisms were the only significant
predictors for conversion thoracotomy in a multivariate
analysis (48).
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Conclusions

Management of complex pleural effusion remains ever
changing. VATS debridement if fibrinolytics fail seems to
have the best outcome.
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