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Infectious pleural effusion status and treatment progress
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Abstract: Pleural cavity infection continuously seriously threatens human health with continuous medical
progress. From the perspective of pathophysiology, it can be divided into three stages: exudative stage, fibrin
exudation and pus formation stage, and organization stage. Due to the pathogenic bacteria difference of
pleural cavity infection and pulmonary infection, it is very important for disease treatment to analyze the
bacteria and biochemical characteristics of the infectious pleural effusion. Most prognoses of patients have
been relatively good, while for some patients, the complicated parapneumonic effusion or empyema could be
evolved. Antibiotic treatment and sufficient drainage are the foundation for this treatment. No evidence can
support the routine use of a fibrin agent. However, it has been reported that the plasminogen activator and
deoxyribonuclease can be recommended to be applied in the pleural cavity. In case of failure on conservative
medical treatment, operative treatment can be applied such as thoracoscopy and pleural decortication.

According to the clinical characteristics of these patients, it is a key to research prognosis, as well as early

evaluation and stratification, in the future.

Keywords: Infectious pleural effusion; empyema; status quo; treatment progress

Submitted Apr 26, 2017. Accepted for publication Oct 13, 2017.

doi: 10.21037/jtd.2017.10.96

View this article at: http://dx.doi.org/10.21037/jtd.2017.10.96

Introduction

In 2,500 years ago, Hippocrates in ancient Greek found
pleural cavity infections; and these have continuously
seriously influenced human health at present, even
though constant progress has been made in the field of
microbiology, antibiotics, operation and other fields.
Approximately 80,000 British and American adults have
suffered from thoracic cavity infection each year, with
medical expenses of approximately USD 500 million (1,2).
Even though the prognosis of most patients has been
relatively good, serious complications could occur for some
patients. Furthermore, the fatality rate has reached up
to 20% (3). For elderly people with underlying diseases,
the fatality rate has reached up to 30% (4,5). The above
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situation can be related to the poor basic conditions of
patients, improper selection of antibiotics or antimicrobial
resistance, and other factors (6,7). In addition, there is
a question of how much do we understand this disease
completely. In order to answer this, we need to answer the
following questions: (I) How does pleural cavity infection
occur? (II) How can we early detect and diagnose pleural
cavity infection? (III) How do we select antibiotics at
the primary treatment stage? (IV) If antibiotic treatment
becomes invalid, what would be our basis for selecting other
treatment methods such as chest drainage (8), intrapleural
cavity injection (9), medical thoracoscopy (10) and surgical
operation (11), and how do we evaluate the prognosis of
these patients (12)?
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Figure 1 Pathophysiology process.

Epidemiology

Globally (13-15), pleural cavity infection occurrence rate
has been constantly increasing for each age group with an
unknown cause (1,16). For example, from 1996 to 2008,
admission rate has been increased two times for the patients
suffering from empyema in America (3.04-5.98/100,000) (1).
These changes are possibly related to the enhancement
of clinical diagnosis awareness and the increasing number
of available examination methods, allowing physicians to
better identify pleural cavity infection. Furthermore, this
may also be related to the increasing age of the elderly year
by year.

Pleural cavity infection is often secondary to pulmonary
infection. Pleural effusion occurs in 15-44% of admitted
patients suffering from pneumonia, in which 40% of
patients are complicated with parapneumonic effusion
or abscess (17,18). For pneumonia treatment, exceeding
non-steroidal anti-inflammatory drugs are applied at
the early stage, which could easily cause pleural effusion
(16,19,20). The empyema in 50% of patients was deprived
from pneumonic pleural effusion. The occurrence rate of
thoracic cavity infection for males was two times than that
for females. Furthermore, the incidence rate of diabetes,
long-term excessive drinking, drug taking and rheumatoid
arthritis for these patients were higher than that for the
normal population (1,5). In addition, 2/3 of patients with
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chronic lung disease or immunodeficiency disease are
complicated with parapneumonic effusion or empyema; and
anaerobic pleural cavity infection occurred in patients with
poor oral hygiene and those who accidentally inhaled the
infection (21). Other patients were secondary to operative
wound and iatrogenic injury (1,4,5,16), while 1/3 patients
failed to be influenced by high-risk factors. Moreover,
the fatality rate of hospital-acquired pleural infection was

higher than that of community-acquired pleural infection
(4,22,23).

Pathophysiology process

Pleural cavity infection can be divided into three stage
(Figure I). The first stage is the exudative stage. Due to
the inflammatory reaction of the pleura and neutrophil
accumulation, the blood vessel endothelium can be damaged
and permeability would be increased; at the same time, the
fluid would enter the pleural cavity, forming the pleural
effusion (17,24,25). At such stage, glucose level would be
normal during the pleural effusion and no biochemical
evidence can be detected for the microorganism and
microorganism invasion (26). The second stage is the
fibrin exudation and pus formation stage. Multiple
proinflammatory factors would stimulate neutrophils for
migration and fibrocytes for chemotaxis (25). Furthermore,
the endothelial permeability of blood vessels would be
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further improved. The bacteria enter the pleural cavity, and
bacteria and bacterial degradation products can be detected
in the effusion. Due to the phagocytosis of the bacterial
metabolism and neutrophils, lactic acid would increase,
pleural effusion pH and glucose would decrease and lactic
dehydrogenase would be elevated. At the same time, the
coagulation cascade reaction and freezing reaction would
be expedited. Furthermore, fibrin would be deposited in
the visceral pleura and parietal pleura, fibrin decomposition
would be reduced, and pleural adhesion and encapsulated
pleural effusion would occur. The third stage is the
organization stage. Due to increased fibrocyte infiltration,
one layer of the fibreboard will form on the surface of
visceral pleura and parietal pleura, and an inelastic and
compact fiber membrane will form between two layers of
the pleura. The thickened fibrous tissue would encapsulate
the lung, preventing the lung from expansion. Improper
treatment can easily cause chronic pleural cavity infection.

According to different pH, glucose and lactate
dehydrogenase (LDH) levels in the pleural effusion, these
can be divided as follows: uncomplicated parapneumonic
effusion, complicated parapneumonic effusion, and
empyema. A simple pleural cavity infection can be related
to the exudative stage. Hence, antibiotic treatment can be
applied. In addition, complicated pleural cavity infection
and empyema requires drainage or operative treatment (27).
Thus, different clinical stages need different clinical
decisions (28).

Diagnosis

A typical infectious pleural effusion may possibly cause
findings similar to pneumonia, and the diagnosis can be
easy. However, attention should be given to potential
pleural effusion or empyema in patients with pneumonia
(29,30). Chest ultrasonic examination is very sensitive to
pleural effusion (31). If the ultrasonic examination shows
that the membrane increased in the pleural effusion with
multiple signs of complicated parapneumonic effusion, the
high echo in the thoracic cavity may be possibly related to
pus in the pleural cavity. The chest X-ray examination shall
select the posteroanterior position + lateral position as far
as possible, rather than a simple posteroanterior position
or anteroposterior position for X-ray examination (32).
The chest CT scan is not highly sensitive to the membrane
in the pleural cavity, but it can distinguish patients with
the complicated parapneumonic effusion and peripheral
pulmonary abscess, and investigate patients with a
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combination of lung malignant tumors and pleural effusion
through the marks on the pleura. Furthermore, it can also
distinguish among lung parenchyma, the developing agent
and pleural effusion through enhanced CT scan.

The pathogenic bacteria can be confirmed for some
patients only (23,33). Therefore, pleural effusion analysis
would be a very convenient method to understand this
disease. For example, the pH value of the infectious pleural
effusion and malignant pleural effusion, tuberculous
pleuritis and rheumatoid arthritis can be reduced, while the
pH value of the pleural effusion caused by proteusbacillus
vulgaris can be increased. Furthermore, the pH value of
the encapsulated pleural effusion on different positions can
be also different. Hence, these special conditions shall be
considered for pH value analysis. At the same time, other
changes in these indicators shall be additionally analyzed,
such as LDH and glucose. If confirming the diagnosis
through pleural effusion analysis fails, this can also be
referred to pleural biopsy or medical thoracoscopy, for
patients with tuberculous pleuritis or malignant tumors, in
particular (Figure 2).

Treatment

Infectious pleural effusion treatment concentrates on
antibiotics, chest drainage, intrapleural cavity injection,
thoracoscopy, surgical operation and other aspects (34).

Antibiotic treatment

Antibiotic treatment is the main treatment means, especially
for children (7). Primary treatment needs to be combined
with bacteriology knowledge (5,21), the geographic location
of the patient, the infection occurrence place (community or
hospital), and the host status for drug selection. At the early
stage, antibiotics application would be beneficial to physical
rehabilitation and empyema occurrence prevention (19).
Subsequent treatment shall refer to the bacteria source
and culture results (blood, phlegm and pleural effusion),
as well as antibiotics activity in the pleural effusion for
adjustment of antibiotics (35). The thoracic cavity and lungs
are significantly different in terms of oxygen content, pH
and others; thus, the bacterial spectrum of the thoracic
cavity infection would be not be completely same as that
of the pneumonia (4,36). The most common pathogen
of community-acquired pleural infection is streptococcus
(37,38), followed by anaerobion and staphylococcus (such
subject is pathogen, so the added coverage is unsuitable, I
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Figure 2 The infectious pleural effusion diagnosis process.

think). The proportion of the staphylococcus in hospital-
acquired pleural infection and gram-negative bacteria
is higher, and the proportion of methicillin-resistant
staphylococcus aureus (MRSA) can reach up to 25%;
while the proportion of streptococcus in hospital-acquired
infection is very low.

We shall select drugs (such as Blactam, clindamycin
and metronidazole) that penetrate into the pleural cavity
as far as possible, in order to avoid the application of
aminoglycoside drugs (poor penetration and inactivation
in the acid environment). At the same time, we cannot
recommend the use of antibiotics in the thoracic cavity (23).
For community-acquired pleural infection, the combination
of penicillin + Plactamase inhibitor would be selected (28).
For the patients with penicillin anaphylaxis, clindamycin
+ fluoroquinolone, or third-generation cephalosporin and
carbapenem would be applied. MRSA and drug-resistance
gram-negative bacteria are the most common bacteria in
hospital-acquired pleural infection. Thus, at the primary
treatment stage, the above two kinds of bacteria needs to
be covered (vancomycin, linezolid, carbapenem, third-
generation cephalosporin and others), as well as anaerobion
(metronidazole or clindamycin) (28,39).
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In recent years, the incidence rate of fungal infection
of the pleura has continuously increased year by year (40).
Candida mycoderma bacteria and aspergillus are the most
common pathogenic bacteria. Furthermore, legionella
pneumonia and mycoplasma pneumonia rarely cause
pleural infection. The disease course is self-limited, and
empyema is rarely caused. Thus, macrolide antibiotics
are not commonly applied for the pleural infection. If
the pathogenic bacteria is confirmed through culture, the
drug shall be adjusted according to culture results; but
pathogenic bacteria fails to be cultured for over 40% of
these patients. Therefore, culture method improvements or
nucleic acid amplification technology applications need to
be further discussed, in order to improve the positive rate of
microbiological diagnosis (23).

Antibiotic treatment needs 3-4 weeks in general (23).
If treatment time is less than two weeks, recurrence would
be possible. Children-acquired pleural infection belongs to
community-acquired infection. Streptococcus pneumoniae
is the most common pathogen (38,41-43), and the fatality
rate is not more than 1% (1,42). However, staphylococcus
aureus infection rate has been exhibiting an increasing trend
recently (44).
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Thoracocentesis and chest drainage tube placement

Drainage is a key treatment of infectious pleural
effusion (28). Thoracocentesis and chest drainage tube
placement are applied in general. Effusion quantity
>1/2, pleural effusion pH <7.15, glucose <40 mg/dL,
LDH >2,000 U/L, purulent effusion and positive culture
are the independent predictive factors of chest drainage (45).
Most physicians tend to catheterized drainage. However,
a study in Germany considered that chest drainage fails
to shorten admission time relative to thoracocentesis (46).
"Traditional opinions think that a large-diameter drainage
tube (>24 F) is beneficial to pleural effusion drainage, while
a small-diameter drainage tube (10-14 F) can also receive
a similar effect (30,46,47), and can be easily accepted by
these patients. Ultrasound-guided drainage tube placement
technology is very practical for patients with serious
diseases, empyema, encapsulated effusion and pleural
thickening (8). To date, there have been no related high-
quality clinical studies on the most applicable drainage tube
for chest drainage.

Intrapleural cavity injection

"Traditional opinions have considered that increased fibrin in
infectious pleural effusion and multiple septation formation
would not be beneficial to effusion drainage. Hence,
the fibrinolytic agent can be applied for improvement
of drainage. A series studies also considered that the
streptokinase or urokinase used in the pleural cavity can
reduce hospital stay, prognosis improvement (9,47-51) and
prevent catastrophic hazards (4,50,52,53). However, the
largest random and controlled clinical study considers that
streptokinase application in the pleural cavity has failed to
improve hospital stay, death rate and others, to date (22) and
a researcher also considers that the fibrinolytic agent has
failed to reduce fatality rate (54). At present, the application
of a fibrinolytic agent has been in dispute in complicated
parapneumonic effusion (55). Since the fibrinolytic
agent plays a role based on fibrinoclase activation, the
fibrinoclase level in the pleural effusion is very low, thereby
limiting its role. In the guideline, the routine application
of a fibrinolytic agent has not been recommended (30).
However, this guideline only suggests that the fibrinolytic
agent can be applied at the early stage when empyema or
pleural effusion is encapsulated, and the dosage has not
reached an agreement (30,34).

Tissue-type plasminogen activator (tPA) can be
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combined with fibrin to activate plasminogen combined
with fibrin, and this can play a role of septation destruction
in the pleural cavity, pleural effusion viscosity change and
bacterial biofilm destruction that is not influenced by the
plasminogen in the pleural effusion. This reduces operative
risk (56) and hospital stay (4), and improves prognosis (57).
Deoxyribonuclease (Dnase) can reduce purulent chest
fluid viscosity (58). In the study on the combination of tPA
+ Dnase in the pleural cavity, pleural effusion drainage
volume, operative referral rate, hospital stay and death rate
in the treatment group significantly improved, compared
to those in the control group (4,59); in a safe and effective
manner (60).

Medical thoracoscopy treatiment

Medical thoracoscopy can bring less wound and adverse
effects, and hold an important position in pleural effusion
diagnosis with an unknown cause. At the same time, it can
also be very practical when malignant pleural effusion or
tuberculous pleuritis is particularly suspected (61). Medical
thoracoscopy can separate the membrane and adhesive
band, remove infected tissues, absorb the adhesive band,
wash the thoracic cavity, and place the chest drainage tube
under direct vision, allowing it to be beneficial to disease
treatment. Studies have found that medical thoracoscopy
treatment has been effective for complicated parapneumonic
effusion treatment for approximately 90% of patients (6,62).
However, there are no random, controlled and large sample
clinical studies at present, and its safety data has been
insufficient. Thoracoscopy treatment is suggested when
conservative medical treatment fails (28).

Operation

Pleural infection treatment is based on antibiotics + chest
drainage (or drug injection) (38). However, for some
patients, such treatment may fail, and operative treatment
would be applied such as clearance of focal lesion and
pleural decortication. Most lung functions of patients would
be improved after the operation, blood perfusion would
increase (63), and the success rate would exceed 85% (64).
However, the prognosis of patients who received terminal
disease operation would be relatively poor. Thus, operation
opportunity selection would be a key. In Multicenter
Intrapleural Sepsis Trial 1 (MIST1) and Multicenter
Intrapleural Sepsis Trial 2 (MIST2) studies, operative
rate was 18% and 11%, respectively (4,22). Though the
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Figure 3 The infectious pleural effusion treatment process

empyema is not operation indication at the early stage (22),
early operation intervention can improve prognosis and
shorten hospital stay (16,64). However, there are some
operative risks, such as: perioperative mortality is 6%,
postoperative complications can reach up to 20% (2), and
the half of these patients continues to suffer from chronic
pain after one year (39,40).

Video-assisted thoracic surgery (VATS) can obtain an
effect similar to transthoracic surgery (65). In addition, such
surgery has less damage, and is applicable for older patients,
those with the fragile health, and those with complicated
underlying diseases in particular (11). Transthoracic pleural
decortication has been increasingly replaced by VATS (66).
Compared with isolated chest drainage, VATS can
significantly improve the prognosis of patients and shorten
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hospital stay (67). In Korea, a study suggested that VATS
can be a first-line treatment of pleural cavity infection (64).
Some studies also consider that death rate does not have
a significant difference between thoracoscopic surgery
and conservative medical treatment (2,68), and have
some contradictory results for the study and comparison
between children VAT'S and medical treatment (2,65,66,69).
Furthermore, there is a lack of high-quality, random and
controlled clinical studies on VATS/medical treatment.
There are similar studies, but several design defects
continue to exist (23).

The operation decisions for these patients are subjective
due to failure on explicit indicators for operation
opportunity confirmation. It is suggested to consider
operative treatment when patients continue to develop sepsis
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with pleural effusion after antibiotic treatment and chest
drainage. If conservative treatment exceeds 3—7 days (28)
and antibiotics, pleural fluid drainage + intrapleural
injection and other treatments fail to receive good effects,
or there is evidence that the empyema is forming, operative
treatment can be considered (27,30,34). However, large-
scale and high-quality prospective studies have confirmed
the objective indicators and optimal node for operative
treatment.

Supportive treatment

Patients with pleural infection have a systemic inflammatory
response status, with high metabolic rate and malnutrition;
but its nutritional factor can be ignored by these people.
Once hypoproteinemia develops, the prognosis of patients
would be poor in general (27,34). Hence, nutrition support
needs to be strengthened (70). Though performing
operative treatment, the prognosis of patients would be poor
with short stature and poor nutrition (71). Therefore, once
patients are found to be malnourished, nutritional support
treatment shall be timely given; and water, electrolyte and
acid-base balance shall be kept at the same time (Figure 3).

Summary and outlook

The incidence rate of pleural cavity infection continuously
increased year by year, causing severe social harm.
Advanced age, multiple complications, malignant tumor,
immunosuppressor applications and others are high-risk
factors of treatment failure. The prognosis of patients
with confirmed pathogenic bacteria is significantly better
than patients with unconfirmed pathogenic bacteria (72).
Antibiotic treatment, chest drainage, intrapleural cavity
injection, thoracoscopy, operation and nutrition support
can be selective methods. Taking these patients as the
center, summarize patient information and conduct
comprehensive analysis to provide support for clinical
decisions (68) and finding patients with potentially poor
prognosis at the early stage in the future. At present,
there have been studies on independent predictive
factors, such as white blood cell count, pleural pain,
pleural effusion position and pleural rupture for operative
treatment (12). In addition, studies have been conducted
by scholars on laboratory examination, radiological
characteristics, complication characteristics and others
aspects of the characteristics of different types of pleural
effusion for ordinary community-acquired pneumonia
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and combined community-acquired pneumonia (73),
in order to evaluate the prognosis of patients and actively
conduct treatment. The above studies are beneficial
attempts.
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