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Abstract: What is already known? Complicated pneumonia is an area of debate, and a rapid diagnosis is essential for patient 
survival. Due to the importance of stage-adapted therapeutic decisions, different classification systems have been established. 
Depending on the stage of the disease, both antimicrobial and interventional approaches are indicated. Conservative management 
remains the mainstay for the management of parapneumonic effusion, and continuous pleural fluid drainage is not necessary in 
some children. However, an established consensus worldwide for the management of complicated pneumonia and thoracic 
empyema with different therapeutic algorithms lacks clear evidence to evaluate complex cases with minimally invasive 
intervention versus open decortication. Such controversy concerning the best surgical approach persists, especially for sick 
patients in intensive care who are not doing well despite chest tube or fibrinolytic agents. This article aimed to review current 
treatment standards for children with different phases of thoracic empyema and complicated pneumonia, this review article will 
discuss the usefulness of different diagnostic methods and most recent updates on management. 1. Outline the definition, 
pathophysiology and common causes 2. Review the diagnosis and current treatment standards for complicated pneumonia 3. 
Review different surgical approaches and their outcomes 4. Provide an update on the recent utilization of video-assisted 
thoracoscopy (VATS) 5. Review evidence regarding the best fibrinolytic agent 6. Review evidence concerning when to indicate 
decortication 7. Provide a simplified pathway for the management of complicated pneumonia (figure 9). 
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1. Introduction 

Inpatient management of previously healthy children (aged 
three months to 14 years) who presented with bacterial 
pneumonia complicated by pleural effusion or empyema. 

Definitions and Staging 
(1) Clinical criteria for acute bacterial pneumonia: acute 

presentation of high fever, cough, shortness of breath, 
tachypnea with localized physical and radiological signs of 
infection and may include anorexia or other systemic illness. 

(2) Parapneumonic effusion (PPE): pleural effusion that is 
associated with pneumonia. 

(3) Pleural effusion: fluid that escapes from blood vessels or 
lymphatics into the pleural cavity. 

(4) Complicated effusion: effusion with pH <7.2 and/or 
positive for Gram staining or culture and/or multiple 

loculations 
(5) Simple effusion: pleural effusion that does not meet the 

criteria for complicated effusion or that is less than 1 cm in 
width on a lateral decubitus film. 

(6) Thoracic empyema: an infectious condition of the 
pleural cavity, leading to pus formation; various underlying 
infectious diseases with pneumonia are the most common 
cause. 

(7) Pus: A fluid product of inflammation, comprising a 
liquid containing leukocytes and debris of dead cells and 
tissues. Clinically, this may comprise a milky-yellow thick 
material, and/or bad odor and/or increased white blood cells, 
biochemical pH <7.1 and LDH >1000 IU. 

(8) Exudative (early): the inflammatory process in the first 
few days associated with underlying pneumonia, leading to 
the accumulation of clear and thin fluid in the pleural cavity 
often with a low white blood cell count and near-normal pH 
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and LDH (often called simple PPE). See Table 1. 
(9) Fibropurulent (intermediate): the inflammatory process 

includes the deposition of fibrin in the pleural space, leading 
to septation and the formation of loculations. There is an 
increase in white blood cells, with fluid thickening 
(complicated PPE) eventually becoming clear pus (empyema). 
The presence of septations (fibrinous strands within the 

pleural fluid) causes loculation of the pleural fluid, and fluids 
will not flow easily. 

(10) Organizational (late): the third stage or empyema 
where fibroblasts infiltrate the pleural cavity, and the thin 
intrapleural membranes are reorganized to become thick and 
nonelastic (the “peel”). This pleural peel will prevent lung 
re-expansion—known as “tapped lung”—which will prevent 
lung function. Frank pus or Gram staining or culture might be 
positive. 

2. Methods 

We searched PubMed up to May 2020 using the following 
words in different combinations: pneumonia, complicated 
pneumonia, bronchopneumonia, empyema, pleural effusion, 
pathophysiology, management, Video Assisted Thoracoscopic 
Surgery (VATS), decortication, complication, antibiotic, and 
guideline. Search filter include publications in the last 10 
years, human species, and age less than 18 years. With these 
search 528 were identified. Papers were excluded based on 
titles and abstract. More than 50 studies were includes. The 
included studies where highly selected based on the best 
evidence available. Guidelines and Cochrane reviews were 
intensively reviewed. We understood the difficulty of creating 
guideline especially for common pediatric illness like 
complicated pneumonia, for this, the evidence was inspired 
from the recommendations in the center of evidence-based 
medicine website (www.cebm.net), listed by Burns et al [1]. 

3. General Concept 

Community-acquired pneumonia is a leading cause of death 
and a major cause of morbidity worldwide [2]. Pleural 
effusion is the most common presentation of pleural disease 
[3]. The incidence of pleural effusion and empyema is 
increasing [4, 5]. In the United States, the rate of pneumonia is 
20–40 per 100,000 mainly as community-acquired pneumonia, 
and PPE was reported in 20%–40% of admitted patients [6, 7]. 
In Europe, a significant increase in PPE cases occurred, from 
1.25 to 16.7/100,000 patients [8-15]. Presently, the mortality 
is decreasing compared with earlier reports [8]. 

3.1. Clinical Presentation and Assessment 

3.1.1. Clinical History 

Patients with PPE/empyema usually present with the same 
complaints of pneumonia and include fever, cough, decrease 
appetite, tachypnea and difficulty of breathing. If the child 
presents with chest pain that often radiates to the ipsilateral 
shoulder and increases with inspiration, pleuritic irritation 
and possible effusion are suspected; often, the patient prefers 

to lie on the affected side [16, 17]. Infection in the lower 
lobes often radiates to the abdomen and could mimic acute 
abdomen. Those diagnosed with pneumonia and continue to 
be sick for more than two days should be evaluated for 
potential pleural effusion. The duration of the disease is 
crucial as well as determining whether the patient received 
prior antibiotics, had a vaccination, had a previous similar 
illness in the family, has a history of underlying risk factors 
such as immunodeficiency, lung malformation, and foreign 
body [10]. 

3.1.2. Physical Examination 

Pleural effusion is suspected in patients who are unwell 
with respiratory distress and unilateral decreased rib excursion, 
bulging of the involved hemithorax, reduced breath sound and 
tactile fremitus on the affected area, dullness on percussion 
and potential friction rub, especially with mild effusion. Other 
prominent findings include marked shifting of the trachea and 
mediastinal structures to the unaffected side. Low oxygen 
saturation blows of 92% are consistent with severe infection. 
In approximately one-third of the cases, mild scoliosis occurs 
on the affected side. Hydration should be monitored carefully 
because the patient is expected to have a poor appetite and 
increased loss of insensible water loss. Auscultation of the 
heart may show displacement of the heart sound. Figure 
clubbing might be positive in severe or chronic empyema [18]. 

3.2. Pathophysiology 

Pleural fluid in the pleural cavity often represents an 
equilibrium between the filtration process (fluid formation) 
and absorption (fluid removal) [19]. Fluid movement in the 
pleural surface between the vascular compartment and pleural 
space is controlled by the Starling law at a filtration rate of less 
than 0.1 ml/kg/h. Pleural fluid works as a lubricant and is 
under subatmospheric pressure; in healthy children, the 
pleural fluid is continuously produced and the content is 0.3 
ml/kg—1.5 g/l of protein (LDH is the predominant protein), 
<100/µl of cells and a normal pH (7.35 mmHg) [19, 20]. 
Normally, the pleural space is free of air because of the 
difference between the total gas pressure in the venous 
systems and pleural space. 

3.3. Pleural Effusion (PE) 

An imbalance between pleural fluid formation and drainage 
will result in pleural effusion. Hemostasis altered by the 
immune process of infection leads to increased vascular 
permeability and an influx of inflammatory cells (neutrophils, 
lymphocytes, and eosinophils) into the pleural space that 
produce several cytokines (e.g., interleukin (IL-1, IL-6, IL-8, 
platelet-activating factor) released by mesothelial cells lining 
the pleural space, and tumor necrosis factor). This fluid, called 
exudate, is the first stage of empyema. When the infection 
progresses, the fluid will become thicker with bacterial 
invasion across the damaged epithelium and neutrophils. 
Additionally, the coagulation cascade will be activated, 
leading to fibrin formation and septation, and the pleural fluid, 
pH and glucose levels fall while the LDH levels increase; this 
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purulent fluid is very consistent with empyema [20-23]. 

3.4. Causative agents 

The incidence of empyema complicating 
community-acquired pneumonia is increasing and causes 

Significant childhood morbidity. Streptococcus pneumonia 
is the commonest organism implicated in PPE, especially in 
patients with incomplete vaccination [5, 8, 24-28]. Regarding 
pneumococcal serotypes, type 1, 3 and 19A displayed strong 
associations with pneumococcal PPE and empyema 
worldwide [5, 29]. Streptococcus pyogenes is a common 
organism, while staph aureus is the predominant organism 
post trauma in young age or developing countries [24, 25, 30]. 
Other organisms, such as Gram-negative bacteria 
(Pseudomonas aeruginosa or Klebsiella pneumonia) are 
common in chronic patients or those with a prolonged history 
of admission. [15, 23, 31, 32]. H. influenza is very rare 
currently due to eradication by effective vaccination. [30]. 
Anaerobes (Bacteroid) play an important role in aspiration or 
poor dental hygiene [31]. Mycobacterium tuberculosis and 
Candida rarely cause complicated pneumonia in 
immune-compromised patients [32]. Mycoplasma is a 
common cause of empyema in 15% of school-aged children 
[33, 34]. Although viruses are the commonest cause of 
respiratory illness, they rarely cause pleural effusion, and 
many viruses that have been reported to cause effusion, 
particularly influenza or HINI, adeno, respiratory syncytial 
virus, were associated with immune-compromised patients 
[15, 35]. 

4. Investigations 

Imaging—this procedure aims to determine the presence of 
fluid, differentiate simple parapneumonic effusion from an 
empyema and assess the complexity of the latter [36]. 

4.1. Chest X-ray 

This is the simplest and least expensive method to identify 
PE, but it is not specific. Obliteration of the costophrenic angle 
is the earliest radiological sign of pleural fluid accumulation; 
as the volume of effusion increases, the characteristic 
“meniscus” sign can be seen on chest X-ray [16, 36]. Effusion 
accumulates in the subpulmonic location, spills into the 
costophrenic sulcus posteriorly, anteriorly, and laterally and 
then surrounds the lung, forming a meniscus sign that can be 
seen clearly on either AP or PA film. A mediastinal shift away 
from the affected side suggests the presence of fluid (Figure 1) 
[37]. In the supine position, the whole affected side is 
homogeneous without classical signs of effusion; when there 
is white out, then collapse consolation should be ruled out 
carefully. Minimal additive information can be obtained from 
lateral film; scoliosis can be detected by chest X-ray and is 
usually resolved spontaneously [16]. 

In the lateral decubitus film, the child lying on the affected 
side provides valuable information about the quantity and 
quality of the effusion. A fluid layer of more than 10 mm 

between the inside of the chest wall and lung suggests the 
presence of an adequate amount of fluid for thoracocentesis 
(Figure 2). Non-shifting fluid suggests either thick fluid or 
loculation [38, 39]. While the supine chest X-ray is less 
helpful than erect in detecting pleural fluid or even air [38]. 

 
Figure 1. AP heterogeneous opacity on the left-sided lung, saluting both 

costophrenic and cardiophrenic angles with a shift of the trachea to the 

right-sided lung and the absence of an air bronchogram suggest large 

effusion. 

 
Figure 2. Left lateral decubitus film shows a free fluid level of almost 1 cm 

in width with some ground glass opacity in the left upper zone. 

Recommendation: 

1. Chest X-ray is a simple and the least expensive method 

to identify pleural effusion. 

2. Obliteration of the costophrenic angle is an early sign. 

3. Any child with suspected pleural effusion should undergo 

chest X-ray with lateral decubitus film performed to 

evaluate the presence, size and mobility of the suspected 

effusion. 

4. Lateral decubitus film is still inadequately used in the 

emergency, and its utilization should be encouraged. 

5. Further imaging should be used before proceeding to 

further management when the plain X-ray does not show 

complete free-flowing fluid or if another diagnosis, such 

as an abscess, is considered. 

4.2. CT Scan 

CT plays a role in complicated pneumonia and is an 
excellent tool to evaluate lung parenchyma. CT with contrast 
enhancement is the preferred tool to assess loculated pleural 
fluid and detects endobronchial obstruction with a mucous 
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plug or foreign body and mediastinal abnormalities [40, 41]. 
It can differentiate pleural effusion from pleural thickening 
and lung abscess, and determine the loculation site (Figure 3). 
It is very useful as guidance for intervention. Due to the high 
radiation and risk of sedation, CT is indicated in limited 
conditions, such as the failure of medical therapies or failure 
to drain after initial aspiration [40, 41]. It is rarely indicated in 
the acute phase with some limitations because it is not 
helpful to differentiate PPE from empyema [37]. Many 
surgeons request a routine CT to use as a ‘road map’ when 
performing minimally invasive endoscopic surgery where 
direct visual access is limited. The routine use of CT scanning 
in empyema should be discouraged if it will result in increased 
exposure of children to unnecessary radiation, in some 
patients already on nephrotoxic medications such as 
vancomycin or aminoglycoside where contrast might 
exaggerate the risk of acute kidney injury, further, associated 
with increased costs and resource burden [42-45]. 

 
Figure 3. CT scan axial view shows a thick, nodular pleural surface, marked 

effusion, a collapsed right lung, and a shift of the mediastinum to the left 

side. 

Recommendation: 

1. CT should not be used as a routine procedure in 

patients with PPE. 

2. CT is an excellent tool to evaluate lung parenchyma and 

determine the loculation 

3. CT can be used as guidance (road map) before 

intervention. 

4. CT can be used when there is failure to drain after 

intervention or atypical presentation. 

4.3. Ultrasonography 

Chest ultrasonography is frequently used to assess pleural 
disease detected on chest X-ray, and it is becoming more 
popular due to its portability and ease of use for different types 
of patients—inpatient, outpatient or critical cases. It can 
estimate pleural fluid and differentiate free from loculated 
fluids. Furthermore, it can detect pleural thickening and is 
very useful to allocate the best site for chest tube insertion or 
thoracocentesis (Figure 4) [37, 46-49]. The pattern of 
echogenicity is important; anechoic effusion is usually a 
transudate, while the presence of echogenicity within pleural 
effusion usually indicates an exudate, further, septations or 

internal echogenicity are suggested exudates [37]. Ultrasound 
scanning is now the preferred investigation modality in 
children because no sedation is necessary and it involves no 
radiation; however, it is operator dependent [50-52]. 

 
Figure 4. Ultrasound view showing loculated fluid, multiple septation, and a 

thin fluid level. 

Recommendation: 

1. Ultrasonography is examiner dependent and can 

estimate the amount of pleural fluid. 

2. -It distinguishes pleural thickening from effusion, and 

utilization should be encouraged. 

3. -It can be used as guidance before intervention. 

4. -Echogenic pleural fluid is often an exudate. 

5. Ventilation-perfusion (VQ) scans 
VQ scans play no role in the management of the acute 

phases of PPE and empyema. Further VQ scans may show 
some abnormalities up to a decade in children with a history of 
empyema [53, 54]. 

4.4. Bronchoscopy 

This procedure has not been studied well in children. 
Lavage can retrieve organisms from the lower airway, but it is 
an invasive procedure while the patient is sick and distressed. 
Additionally, the usefulness of lavage compared with pleural 
tap has not been studied. In most cases, there is no indication 
for bronchoscopy and bronchoalveolar lavage, and it is not 
routinely recommended. Lavage can be requested in limited 
conditions when the patient shows no improvement and no 
apparent organism or underlying immunodeficient condition 
or fistula formation. [55, 56]. 

Recommendations: 

1. There is no indication for flexible bronchoscopy in 

complicated pneumonia; lavage is limited if an 

unknown organism is present or in 

immunocompromised cases. 

4.5. Blood Test 

4.5.1. Acute-phase Reactants 

Acute-phase reactants are a class of proteins that increase or 
decrease in response to infection or inflammation, and the 
white blood cell count, neutrophil and lymphocyte count, 
C-reactive protein (CRP), and erythrocyte sedimentation rate 
(ESR) are usually performed as initial blood work in 
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suspected complicated pneumonia. Acute-phase reactants 
cannot help to differentiate bacterial from viral infections but 
can be used as markers for the severity of infection and 
progress of inflammation [57, 58]. Procalcitonin is a popular 
and sensitive marker for bacterial infection. [59-61]. Several 
studies have investigated the usefulness of acute-phase 
reactants but have concluded it is an insensitive tool to 
differentiate bacterial from viral illnesses [62]. Viruses are 
rarely a causative agent in effusion, but virulent viruses such 
as H1N1, coronavirus, and influenza virus can cause 
significant PPE [63, 64]. No study has assessed the 
relationship between acute-phase reactants and the 
development of complicated effusion [16]. 

Recommendations: 

1. Acute-phase reactants are usually evaluated by initial 
blood work for suspected complicated pneumonia 

2. APRs are helpful to assess the severity and progress of 
infection 

3. APRs are insensitive to differentiate between viral and 
bacterial infections 

4.5.2. Blood Cultures 

Blood cultures are helpful in the management of PPE 
according to British guidelines [16]. The chance of culture 
positivity is 6%–33% worldwide, and the yield is usually 
affected by previous antibiotic use and facility used for 
interventions. [17, 65-67]. 

Recommendations: 

1-Blood cultures should be performed in all patients with 

PPE 

2-The yield is higher in patients who have not received 

antibiotics 

4.5.3. Albumin 

The albumin level is often low in complicated pneumonia, 
but replacement therapy is rarely needed [16]. 

4.6. Sputum 

If the child can expectorate, it should be sent for Gram 
staining and culture to reveal lower respiratory infection. 
Induced sputum is an alternative method to retrieve organisms 
in younger patients [16]. 

4.7. Pleural Fluid Analysis 

In healthy children, the pleural fluid level is approximately 
0.3 ml/kg, with a normal pH, a protein level less than 1.5 d/l, a 
white blood cell count of less than 100 cc/µl, and a 
predominance of lymphocytes. The chemical and cellular 
compositions of pleural fluid are very helpful in the 
management of pleural effusion and empyema. The gross 
appearance might suggest underlying disease; gross purulent 
fluid usually indicates empyema, while the presence of blood 
might suggest strep. Pneumonia that is tan and thick in 
appearance might suggest staph aureus, while putrid 
pneumonia suggests the presence of anaerobes [5, 21, 67]. 
Thin and clear fluids are usually suggestive of transudate. 

Table 1. Characteristics features of pleural fluids 

 Exudate Transudate 

Fluids Purulent Clear 
Odor May be offensive Odourless 
 Viscous Non- Viscous 
Protein Protein >30 g/l Protein < 30 g/l - viscous 
Pleural: serum protein Serum protein> 0.5 Serum protein< 0.5 
Pleural: serum LDH Serum LDH > 0.6 Serum LDH < 0.6 

Pleural LDH 
PF: serum LDH> 0.66 Serum LDH 
LDH > 200 IU/L 

Pleural LDH< 0.66 Serum LDH 
Or LDH < 200 IU/L 

67. Light RW (1995) a new classification of parapneumonic effusions and empyema. Chest 108 (2): 299–301. 

Pleural fluids are usually divided into three stages: 

4.7.1. Exudative Stage 

The pleural fluid is usually clear free-flowing exudative 
fluid with a predominance of neutrophils, and characterized 
by negative bacterial cultures, a glucose level greater than 60 
mg/dL, a pH above 7.20, a lactic acid dehydrogenase (LDH) 
level less than three times the upper limit of normal for serum 
(often <1,000 units/L) and a low white cell count. Pleural fluid 
that develops during this stage is usually considered 
insignificant when ≤1 cm on lateral chest X-ray or significant 
when it is ≥1 cm on lateral decubitus X-ray [16, 20, 66-71]. 

4.7.2. Fibropurulent Stage 

This second stage is characterized by the deposition of 
fibrin clots and fibrin membranes in the pleural space, leading 
to loculations. The loculation is accelerated by bacterial 

invasion from pulmonary lung tissue across the damaged 
endothelium, leading to migration of neutrophils, activation of 
the coagulation cascade and formation of septation within the 
pleural fluid [66-71]. 

The pleural fluid in this stage is often turbid and 
characterized by positive bacteria on Gram staining or culture. 
The cytology shows neutrophil predominance. A reduced 
pleural fluid pH to acidic with increasing LDH suggests the 
accumulation of lactic acid and increased carbon dioxide 
production from bacterial invasion and increase inflammation. 
This stage called “complicated” parapneumonic effusion and 
shows a pH below 7.20, a sugar level less than 60 mg/dL, and 
pleural LDH more than three times the upper limit of normal 
[21, 66-71]. 

4.7.3. Organized Stage 

This is the final stage characterized by fibroblasts that 
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proliferate and invade the pleural cavity, and the thin 
intrapleural membranes are reorganized to become a thick 
pleural peel. These solid fibrous pleural peels form thick 
non-elastic pleura, preventing lung re-expansion (“trapped 
lung”), causing impaired gas exchange, and increasing the risk 
for continued infection [16, 67-71]. The clinical course varies 
considerably, from spontaneous healing with residual defects 
of lung function to chronic forms of empyema with a high risk 
of complications, such as a trapped restricted lung, 
bronchopleural fistula and septicemia [20, 67-71]. 

Table 2. Classification of parapneumonic effusion. 

 Simple PE Complicated PE Empyema 

Gross inspection Thin Thick Thick, rigid 
Color Clear Turbid Pus 
PH >7.3 7.1-7.3 <7.1 
LDH (IU) <500 >1000 >1000 
Glucose (mg/dl) >60 <40 <40 
Cell <1000 >5000 Variable 
Microbiology sterile Positive +/- 

5. Management 

The management of PPE and empyema involves a stepwise 
approach in addition to appropriate and timely antibiotic 
treatment. The therapeutic options include the following: 
antibiotics and observation, therapeutic thoracocentesis, tube 
thoracostomy, intrapleural instillation of fibrinolytics, 
video-assisted thoracoscopy with the breakdown of adhesions 
and/or decortication, and open thoracotomy. 

5.1. Goals for Treatment 

The main goals in the management of complicated 
pneumonia are as follows: 

1. Treatment of the ongoing infection 
2. Drainage of the pleural fluid or pus if indicated 
3. Re-expansion of the lung 
4. Prevention of complications 
All children with complicated pneumonia need admission. 

[16] Appropriate antimicrobial therapies are often adequate in 
treating such cases. The presence of PPE does not alter the 
empirical decision to choose initial antibiotics. [16] 
Broad-spectrum antibiotics such as third-generation 
cephalosporin (cefotaxime or ceftriaxone) are used initially; 
some experts add clindamycin to cover staphylococcal 
infection and anaerobes, and then modify according to the 
progress and cultures. If the culture is positive for staph and 
the patient is still sick, vancomycin or linezolid is an option 
for therapy [74]. Other therapies include antipyretics, 
intravenous fluids and oxygen. Analgesia is an essential 
treatment to keep the child comfortable, particularly in the 
presence of a chest tube or post intervention. Chest 
physiotherapy is commonly used; however, the evidence is not 
beneficial and should not be performed in children with 
complicated pneumonia, and early mobilization and exercise 
should be encouraged [16]. If the effusion is enlarging and/or 
compromising, respiratory function should not be managed 
only by antibiotics; drainage should also be indicated [75]. 

Recommendations: 

1. All children with PPE or empyema should be admitted to 

the hospital 

2. The patient's clinical status and vital signs should be 

evaluated regularly 

3. If a child has persistent pyrexia or is unwell 48 hours 

after admission for pneumonia, PPE/empyema must be 

excluded 

4. Imaging alone should not be used to decide on the choice 

of management 

5. Chest physiotherapies are not helpful. 

5.2. Surgical Interventions 

Surgical intervention is a clinical decision when there is 
continuous fever for more than 48 hours despite appropriate 
antibiotics. The criterion for PPE that needs pleural drainage is 
large/loculated effusion or the presence of frank pus. 

5.2.1. Thoracocentesis 

This simple and safe method to determine the cause of 
pleural effusion is less invasive and better tolerated than the 
chest tube. The usual site is the fifth to seventh mid axillary 
line, and the optimal site can be guided by chest X-ray or 
ultrasonography [16, 76, 77]. The pleural fluid should be 
analyzed for the biochemical profile, cell count and 
differential, glucose, protein, LDH, pH, Gram staining and 
cultures. The pleural culture might be positive in 48% of 
patients, especially those who did not receive previous 
antibiotics [70]. Stage 1 (exudative stage) is often treated with 
antibiotics alone but also early stage 2 with effusion exceeding 
1 cm on lateral decubitus or approximately 50% of the 
hemithorax (Figure 5). Thoracocentesis or even repeated 
thoracocentesis is helpful to monitor biochemical changes and 
monitor the progress of infection [66, 67]. 

 
Figure 5. Thoracocentesis under ultrasonography guidance using a 6F 

catheter. 

Recommendations: 

1. Diagnostic thoracocentesis is indicated in all patients 

with pleural effusion of a significant size (>10 mm on 

lateral decubitus film) 

2. The pleural fluid should be noted for color, smell, and 
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consistency and should be analyzed for Gram staining, 

culture (aerobic and anaerobic) and sensitivity, cell 

count as well as the biochemistry profile (pH, LDH, 

glucose and protein). 

5.2.2. Chest Tube (CT) 

Controversy remains concerning the optimal treatment of 
pediatric CPPE [80]. A chest tube is indicated in complicated 
PPE or empyema, and the safe triangle is the preferred site. 
In the mid axillary line, this triangle is bordered by the 
anterior border of the latissimus dorsi, the lateral border of 
the pectoralis major muscle, a line superior to the horizontal 
level of the nipple, and an apex below the axilla. A more 
posterior position is suggested by the images is another 
option (Figure 6). The size of the chest tube is determined 
according to the patient’s age: three different sizes are 
recommended (8-14 F/16-24F/>24F. Well-trained health 
professionals are recommended to perform the procedure, 
such as surgeons, interventional radiologists or intensivists. 
The tube should be hooked to an underwater seal with a 
negative pressure of -10 to -20 mmHg, and the drain should 
be below the level of the patient. Chest X-ray should be 
repeated after insertion of the chest tube [16]. The tube 
should be kept until the drain is minimal, an average of 1 
ml/kg/day. The chest tube should be monitored to determine 
if it drains well or if bubbling occurs [16]. The tube should be 
clamped if the drain exceeds 10 ml/kg for a minimum of one 
hour to avoid potential pulmonary edema. Daily assessment 
of the amount of the drain and presence of bubbling and 
respiratory status should be monitored. The average duration 
of the chest tube is 4–5 days in complicated pneumonia, and 
the drain should be removed when there is clinical resolution, 
with clamping for a few hours before removal is indicated 
[81]. 

 
Figure 6. Chest tube in situ on the right-sided lung before D/C. 

Recommendations: 

1. A chest tube is indicated in complicated pneumonia; a 

safe triangle is the best site for insertion 

2. Chest tube insertion should be performed by an expert 

physician 

3. The chest tube may be kept if the drain exceeds 10 ml/kg 

4. The chest tube should never be clamped if bubbling 

occurs 

5. Chest X-ray is routinely indicated post intervention 

5.2.3. CT+ Fibrinolysis 

The adjunctive use of intrapleural fibrinolytics has helped 
increase the drainage volume in certain adult patients and is 
considered one of the acceptable approaches identified to 
manage pediatric patients. National and international 
guidelines recognize adjunctive intrapleural fibrinolytic 
therapy as an accepted therapeutic option.[82-84] Intrapleural 
fibrinolytics are recognized to shorten the hospital stay and are 
recommended for any complicated PPE (thick fluid with 
loculations) or empyema (overt pus). These guidelines also 
state that there is no evidence that any of the 3 fibrinolytics 
(streptokinase, urokinase, and alteplase) is more effective than 
another; only urokinase has been studied in a randomized 
controlled trial in children; thus, it is recommended. They 
decrease the viscosity of the gelatinous component of the 
pleural fluids and partially derides the restrictive pleural fibrin 
sheets [85, 86]. 

i. Streptokinase 
A dose of 250,000 units in 100 ml of 0.9% saline or a total 

dosage of 12,000 U/kg/d of streptokinase in 50 mL of 0.9% 
saline solution is instilled into the drainage tube; the tube is 
clamped on the completion of instillation. Throughout the 
process, the patients prefer to be rotated into several positions 
to facilitate pleural distribution for 2 hours, and then the tubes 
should be unclamped and placed back on -5 to 20 cm of H2O 
suction; coagulation should be performed before intervention. 
The drainage effusion amount should be monitored and 
recorded daily, with recommended therapy ranging from 3 to 5 
days. The success rate with streptokinase is 70%–90%, 
usually in three doses but up to 6 doses can be helpful [86-90]. 

ii. Urokinase 
This is a thrombolytic agent formed in the kidney that is 

more potent than streptokinase. A dose of 100,000 units in 
100 ml of 0.9% saline for 2 to 12 hours is safe and effective, 
shortens the hospital stay, and increased pleural fluid 
drainage. A total of 40,000 units of urokinase in 40 ml saline 
is used (10,000 units in 10 ml of saline if less than 1 year old) 
[91-94]. 

iii. Tissue Plasminogen Activator (tPA) 
Various intrapleural dosage regimens have been used: 2 to 5 

mg diluted in up to 40 mL of normal saline or 0.1 mg/kg 
diluted in 10 to 100 mL of normal saline. The maximum doses 
have ranged from 3 mg to 6 mg. 

Some retrospective reviews of PPE observed no bleeding 
episodes associated with intrapleural (tPA) administration in 
children, while others have noted minor bleeding in drained 
pleural fluid in some patients [95, 96]. 

An isolated case report of intrapleural hemorrhage 
related to the intrapleural administration of a single dose of 
tPA (3 mg; 0.1 mg/kg diluted in 30 mL of normal saline) 
was observed in a 6-year-old boy with pleural effusion [84, 
97]. Scant data exist on Dornase alfa in children; however, 
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it has been used in adults with a favorable outcome [100, 101]. 

Table 3. Fibrinolytic doses for treatment of PPE /empyema. 

Types Doses Duration 

tPA 0.1mg/kg in 10-40ml of normal saline Daily for 3-6 days 

Urokinase 
40 000 units in 40 mL 0.9% saline for children 1 year and older. 10 000 units in 10 mL 0.9% saline for 

children younger than 1 year. It should be administered twice daily (with a 4-hour dwell time) 
Daily for 3-6 days 

Streptokinase 
25000iu /kg in 50-100 saline intrapleurally via a chest tube with clamping for 4 hours; a maximum dose of 

250 000 IU per instillation. 
Every day for 7 days 

 

Recommendations: 

1. Urokinase is safe in children. 

2. Urokinase can help to avoid the need for open 

thoracotomy. 

3. Urokinase use has been associated with a decreased 

hospital stay. 

4. Urokinase use has been associated with a significant 

increase in pleural fluid drainage; however, the 

significance is unclear. 

5. When urokinase is used, a large-bore chest tube may not 

be necessary for drainage and smaller ones such as the 

pigtail catheter might be sufficient. 

6. The use of urokinase is an effective adjunct treatment for 

complicated PPE and empyema. 

5.2.4. Pigtail Catheter 

Pigtail catheters have emerged as an effective tool in 
draining pleural fluids in PPE. It is a large flexible long tube 
that can be inserted into the pleural cavity under guidance. It is 
less morbid than the usual chest tube in evacuating the pleural 
cavity [79, 81, 102]. It has multiple small holes to enable the 
drain to proceed smoothly. The modified Seldinger technique 
is often used for percutaneous pigtail insertion 
(Dawson-Mueller Drainage Catheters; 6-8F in size) under 
local anesthesia with lidocaine 2% [102, 103]. The site of the 
catheter is determined by radiological image chest X-ray and 
ultrasonography, usually in the midaxillary line. The 
procedure is typically performed by interventional 
radiologists, and evidence has confirmed its benefit if used for 
thin pleural fluids (stage 1). The outcome is often similar to 
that using the chest tube (Figure 7) and (Figure 8) [102, 103]. 

 
Figure 7. A plain AP film with two large cystic lesions, the lower one shows 

the free fluid level with mild hyperinflation on the right side. 

 
Figure 8. Pigtail catheter in situ with clearing of the fluid level and with 

marked improvement in the cystic change on the left side with a resolved fluid 

level. 

Recommendations: 

1. The pigtail catheter is almost effective as the chest tube 

2. The pigtail catheter is more flexible and less painful. 

3. Pigtail catheter insertion should be performed by an 

interventional radiologist under image guidance 

4. The technique is limited for thin or clear fluid. 

5.2.5. Surgery 

Surgical drainage is often needed in one-third of patients 
with pleural effusion [79, 104]. If the drain is not. 

Efficient to drain the empyema or the lung is not expended, 
the surgical intervention is the gold standard. The aim of the 
surgery is the following: 

1. Evacuation of the pus 
2. Debridement of fibrin deposition 
3. Re-expansion of the lung 
4. Detection of the complication if any 
i. VATS (Video-Assisted Thoracoscopic Surgery) 
Video-assisted thoracoscopic surgery (VATS) is a 

minimally invasive surgical procedure that allows the 
surgeon to direct examining the pleural cavity through a 
small incision in the chest wall [105]. It is associated with 
less postoperative pain and a shorter duration for recovery 
than open thoracotomy [106]. It is a safe procedure in 
children and is often indicated in the fibropurulent stage 
when chest tube drainage is unsuccessful or if the patient is 
not responding well to combine antibiotics with a chest tube 
or pigtail catheter [107-109]. VATS has a shorter duration of 
chest tube drainage than simple chest tube drainage; 



 American Journal of Pediatrics 2020; 6(3): 240-252 248 
 

presently, earlier intervention with VATS is recommended 
once [110-111]. If the empyema has progressed to the 
organized state, VATS is often unsuccessful [112-114]. 

Recommendations: 

1. VATS is a safe procedure in children and adolescents. 

2. VATS provides good evaluation and excellent access to 

treat complicated PPE or empyema in the pleural cavity. 

3. VATS is associated with less pain, smaller incisions and 

better cosmoses than open thoracotomy. 

4. VATS is associated with a shorter stay in the hospital and 

a shorter duration of chest tube drainage than simple 

chest tube drainage. 

5. VATS seems to be more effective if used early in the 

disease process. 

6. Overall, VATS is an effective adjunct treatment for 

children with complicated PPE and empyema. 

ii. Decortication 
For many years, decortication was the surgical technique of 

choice for empyema, and open decortication has been 
successful in different stages of empyema. It allows complete 
re-expansion of the lung, resulting in marked improvement in 
the clinical condition and pulmonary function. [115] Delayed 
referral for VATS leads to a higher chance of decortication. 
Presently, it is rarely used and has been replaced by VATS. 
Open decortication remains an option for unsuccessful 
empyema and is often associated with more morbidity. 
[116-118] 

Recommendation: 

Open decortication is rarely used and has been solely 

replaced by the earlier use of VATS, but it might be needed in 

the following situations: [115] 
1. Thick pleural peel encasing the lung. 

2. Multiloculated empyema. 

3. Cavitary lung necrosis. 

4. Persistent bronchopleural fistula with collapse of the 

lung. 

6. Complications 

The prognosis is often excellent, but mortality is greatest in 
infants less than one year of age, in patients with S. aureus 
empyema or in patients presenting in later stages with either 
second- or third-stage empyema or concomitant with other 
medical problems. Abscess formation and potential 
bronchopleural fistula formation are very important and 
should be monitored, as well as fluid reaccumulation, 
pneumothorax, lung collapse, post-expansion pulmonary 
edema, hemothorax, septicemia and osteomyelitis, bleeding 
disorder either due to the infection or after using fibrinolytic 
agents. 

7. Conclusion 

Parapneumonic effusion/empyema are commonly detected, 
and the differential diagnosis depends highly on imaging of 
the pleural space. Conservative therapy is the standard therapy, 
but early detection and immediate drainage are necessary in 

patients with complicated PPE/empyema. 
The management of PPE involves a stepwise approach in 

addition to appropriate and timely antibiotic treatment. The 
treatment options are variable and depends on the stage of 
disease and must focus on adequate antimicrobial therapies, 
evacuation of the pus, and treatment of underlying disease and 
re-expansion of the lung [30]. Earlier VATS is advisable if the 
service is available for patients with progressed disease (ATS 
stage II or stage III). If fibrinolytics are indicated, tPA is the 
first choice. Treatment may be extended to several weeks, and 
the pulmonologist should be involved early in the care of all 
patients requiring chest tube drainage for pleural infection. 
Most patients will regain complete lung function several 
months later. 

 
Figure 9. Pathway of parapneumonic effusion and complicated pneumonia. 
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