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Abstract 

Background: Pleural empyema is a collection of purulent exudate between the lungs and the chest 
wall. Despite the importance of the disease in children, no study has investigated it in Mazandaran 

province, Iran. The aim of this study was to evaluate the prevalence, clinical manifestations, 
diagnosis, treatment and its outcome in children referring to hospitals of Mazandaran during 12 years.  

Materials and Methods: In this cross-sectional study, medical records of all children aged 0 to 18 
years admitted to 5 educational hospitals of Mazandaran province, Iran, with Tenth Revision, Clinical 
Modification (ICD-10-CM) codes confirming pleural empyema or effusion from March 2004 to 2016 
were identified retrospectively. The clinical records were reviewed for demographic information, 
hospitalization information, medications, symptoms; laboratory and medical imaging results and the 
patient's condition on discharge were recorded. Statistical analysis was performed by SPSS version 
20.0 software. 

Results: Of 50 patients with the mean age of 7.08±5.6 years, 31(62%) were boys and empyema 
incidence was higher (58%) in 5-18 year-old children. The mortality rate was 12% (6 patients). The 
most common microorganisms were Escherichia coli and Klebsiella (33.3%). In 17(34%) patients, 
antipyretics were prescribed prior to admission and pre-admission treatment regimen included beta-
lactams with or without macrolides. The most commonly prescribed drug regimens were vancomycin 
and beta-lactam (50%), and the most common drug resistance of microorganisms was to ampicillin, 
cephalexin and ceftazidime.  

Conclusion: Since most of the gram-negative organisms in Mazandaran hospitals were Extended-

Spectrum Beta-Lactamases (ESBL) and all the microorganisms of this study were susceptible to 
gentamicin, it is suggested to consider it in empiric therapy of pediatric pleural empyema  in 
Mazandaran province. Also, lower rate of surgical intervention in children who received pre-
admission antibiotics highlights the importance of antibiotic intervention before admission.  
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1- INTRODUCTION 

     Pleural infection is an ancient disease 

that remains an important clinical problem 

(1). Despite being recognized for over two 

millennia, pleural infection is one of the 

oldest and severest diseases with an 

increasing incidence in many countries (2). 

Pleural empyema is a collection of 

purulent exudate between the lungs and the 

chest wall (3). Pediatrics pleural effusion 

is an abnormality that frequently develops 

from collection of fluids in the pleural 

space and commonly caused by a primary 

phenomenon or secondary to variety of 
disorders such as infections (4). 

The incidence of this disease decreased 

rapidly after antibiotic use, representing 

5% of pneumonias in the pre-antibiotic 

era, and 2% in the post-antibiotic era (5). 

However, the incidence of pleural 

infection has increased in recent years (1, 

6). Causes for the increase in incidence 

remain uncertain, but changes in primary 

care antibiotic prescribing and bacterial 

virulence and antibiotic susceptibility, the 

use of a wide range of pneumococcal 

vaccines in children, and delayed hospital 
presentation have been suggested (5, 7, 8). 

The etiological mechanisms of pleural 

effusion is considerably different in 

childhood and the effusion secondary to 

pleural infections is the most common 

cause of this abnormality in children (4). 

The development of pleural empyema is 

determined by a balance between host 

resistance, bacterial virulence, and timing 

of presentation for medical treatment. 

Management of empyema includes 

antibiotics and procedural interventions to 

drain the pleural space (9). Chest x-ray 

(CXR) is the first simplest imaging 

strategy to etiological assesses of pleural 

empyema in children (4). Next step is 

ultrasonography that easily permits 

characteristics of empyema (10). In those 

conditions with sufficient effusion size 

thoracentesis is recommended. The initial 

diagnostic test for the aim of diagnosis is 

analysis of the pleural fluid (7). Prompt 

treatment with appropriate systemic 

antibiotics and chest tube drainage are the 

key to success (1). A variety of procedural 

interventions are used for the management 

of empyema including Video-assisted 

thoracoscopic surgery (VATS), early 

thoracotomy or chest tube placement with 

instillation of fibrinolytics (9). According 

to studies conducted in Iran and other 

countries, the incidence of pleural effusion 

and resistant cases is increasing (2, 3, 5-7, 

11-19). Despite the importance of the 

occurrence of pleural empyema in 

children, yet no study have been 

performed to investigate the prevalence, 

clinical manifestations, diagnosis, 

treatment and the outcomes of children 

with pleural empyema in Mazandaran 

province, Iran. Having such information 

will be effective by identifying the current 

state of the pleural empyema and 

identifying problems in reducing the 

incidence, diagnosing the disease faster, 

timely and appropriate treatment, and 

improving the prognosis of the patients 
(20). 

2- MATERIALS AND METHODS 

2-1. Study design and population 

      In this cross-sectional census study, 

medical records of all children aged 0 to 

18 years admitted to educational hospitals 

of Bouali Sina (Sari), Imam Khomeini 

(Sari), Shahid Zare (Sari), Razi 

(Ghaemshahr), and Shafizadehn (Babol) in 

Mazandaran province with ICD-10-CM 

(J86.9 and J90) discharge codes for the 

study period March 2004 to 2016 were 
identified, retrospectively.  

2-2. Methods 

For each patient, a checklist including 

demographic information, hospitalization 

information, history of treatment, 

underlying diseases, presenting symptoms, 

date of fever from symptoms onset, 

laboratory results, ultrasound, presence of 
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loculations, the duration and output of 

chest drain placement, medical decisions 

and the patient's condition on discharge 

were recorded. Validity of the checklist 

was confirmed by 5 infectious diseases 

subspecialists. Also, medical records were 

reviewed for days of post-operative 

intubation, post-operative complications, 

and length of hospitalization and children 

who died at the end of the hospitalization 

due to complications of empyema were 
recorded as mortality.  

2-3. Ethical consideration 

This study was reviewed and approved by 

the Mazandaran University of Medical 

Sciences’ Ethics Committee (Ethics 
number: IR.MAZUMS.REC.96.2340). 

2-4. Inclusion and exclusion criteria 

The clinical records were reviewed and 

cases of pleural empyema or effusion were 

identified. Patients with fever, clinical 

signs of pneumonia (cough and shortness 

of breath), the presence of consolidation in 

chest X-ray, positive bacterial smear and 

culture, pH<7.2, Lactate 

dehydrogenase (LDH)> 1000 IU/L, 

glucose>40 mg/dL in pleural fluid, 

presence of leukocytosis with shift to left, 

were included. Cases of incomplete 

medical records, suspicious diagnosis and 

referral patients from other provinces were 

excluded. 

2-5. Data Analyses  

All data were statistically compared and 

statistical and descriptive analyses were 

performed using IBM SPSS software, 

version 21.0. Determining the distribution 

of data was performed by plotting the 

histogram and Kolmogorov-Smirnov test. 

Quantitative data was presented as mean ± 

standard deviation (SD) qualitative data 

was presented with frequency and 

percentage. To analyze the data, 

correlation analysis, Pearson coefficient, 

ANOVA and appropriate follow-up tests 

such as Tukey and Scheffe tests were used. 

The time-to-event analysis was performed 

to investigate the incidence of death in 

various drug regimens, and the results 

were analyzed by performing log rank test. 

In all cases, the p value less than 0.05 was 

considered statistically significant .  

3- RESULTS 

      In this study investigating the 

prevalence, clinical manifestations, 

diagnosis, treatment and outcomes of 

pleural empyema children in Mazandaran 

province, a total of 50 patients were 

admitted with the diagnosis of empyema 

during the study period and fulfilled the 

study definition for empyema. Of them, 

31(62%) were boys and the mean age of 

the patients was 7.08±5.6 years (range 

0 months-18 years). Two cases aged less 

than one month, 10 in the age group of 1-

12 months, 9 in the age group of 1-5 years 

and 29 cases were in the age group of 5-18 

years. Empyema incidence (58%) was 
highest in children aged 5-18 years.  

Figure.1 shows the annual distribution of 

patients with pleural empyema in 
Mazandaran province during 2004 to 2016. 

In terms of admitted hospital, 2 patients 

were admitted to Razi Hospital of 

Ghaemshahr, 13 were admitted to 

Shafizade Hospital of Babol and 35 at 

Bouali Hospital of Sari. No medical 

records for pediatric empyema were found 

in Imam Khomeini and Shahid Zare 

hospitals of Sari. The most common 

bacterial isolates were Escherichia coli (E. 

coli), and Klebsiella equally in 33.3%, 

Enterobacter species in 22.2%, and 

Staphylococcus saprophyticus, 

Staphylococcus aureus and Serratia 

equally in 11.1%. The mean duration of 

hospitalization was 15±9.33 days and the 

duration of symptoms before admission 

was 12.0±7.7 days. Twelve patients had a 

history of admission to other centers 

(9.0±10.56 days), and 52% of the patients 

received medication for 9.0±6.66 days 
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prior to admission. The most common 

primary diagnosis was pneumonia (14%), 

thoracic mass (6%), and pleural effusion 

(4%). The medication used before 

admission was antipyretic in 34%, beta-

lactams in 30%, macrolide in 10% and 4% 

used other drugs. Thirty patients (60%) 

had complaint of fever, chills, nausea and 

shortness of breath, chest pain, loss of 

appetite and weight, and lethargy 

(Table.1). Blood culture was requested in 

40% (20 cases) of the patients, of which 

10% (2 ones) had positive results and in 

both patients, Klebsiella was detected to be 

resistant to gentamicin, ampicillin, 

cephalexin, ceftazidime, ceftriaxone, and 

ampicillin (50%). Pleural fluid smear and 

culture were performed in 62% (31 

patients), of which 14% (7 cases) were 

positive and all patients had pleural 

empyema. In diagnosis of pleural effusion 

with CXR, 2% (1 patient) was less than 

Hemithorax, 72% (36 patients) had 

unilateral effusion and 16% (8 subjects) 

had bilateral pleural effusion. In 16% (8 

cases) pneumothorax was unilateral and in 

2% (1 case) bilateral pneumothorax was 

found. Ultrasound finding in 6% (3 

patients) showed cardiac and tracheal tube 

deviation, in 4% (2 cases) cardiomegaly 

and in 4% (2 cases) lobar pneumonia 
(Tables 2, 3).  

The most commonly prescribed 

medications prior to admission were 

antipyretics (34%) and beta-lactams 

(30%). Among antipyretics, 

acetaminophen (28%) was administered 

more than ibuprofen (10%) and other drug 

(4%) prior to admission. 26% of patients 

who received antipyretic agents and 26% 

had pleural effusion and 8% suffered from 

pleural empyema, but this finding was not 

statistically significant (p=0.367). For 56% 

(28 people) of the patients, chest tube was 

inserted for an average of 11.0±10.02 

days. The number of thoracotomies was 

8(16%), decortication in 8(16%) and 
5(10%) were treated with lobectomy. 

Complications during treatment were 

found in 20% (10 patients) of the patients, 

of which 5 were pneumothorax and 5 were 

bronchopleural fistula complications. The 

time to resolve fever after antibiotic 

treatment was 6.74±8.0 days. The mean 

hospitalization period for patients with 

chest tube was 19.8±10.8 days and in those 

without chest tube, it was 10.8±5.8 days 

(r= -0.46 and p=0.001). The length of 

hospitalization period for patients 

undergoing surgery was 15.8±8.1 days and 

15.6±10.8 days for patients who did not 

undergo surgery and this difference was 
not statistically significant (p=0.9).  

From 19 patients who had surgery, only 1 

patient had received antibiotics prior to 

admission (p=0.0001). Of the patients who 

presented with pneumonia, ultimately, 15 

patients were diagnosed with pleural 

effusion and 4 were diagnosed with pleural 

empyema and this difference was not 

statistically significant (p=0.220). Among 

the different treatments used for patients, 

only surgical treatment was correlated with 

prognosis of the disease (r=0.3 and 

p=0.046). There was no significant 

difference between the mean fever time in 

four groups of drug regimens (p=0.95). 

Also, 30% of the patients had underlying 

disease and no significant correlation was 

found between plural empyema and 
underlying disease (p=0.80). 

Chest tubing increased the hospitalization 

duration (19.8±10.8 days vs 10.8±5.8 

days), and the correlation between chest 

tube placement and hospitalization 

duration was statistically significant (r= -

0.46, p=0.001). There was only one 

positive blood culture in both effusion and 

empyema patients and it was not 

statistically significant (p=0.332). There 

was no positive culture in patients with 

pleural effusion but 7 cases (14%) of 

empyema were positive for pleural fluid 

culture (p= 0.3). The length of 

hospitalization period was not statistically 

significant for patients undergoing surgery 
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and patients who did not undergo surgery 

(15.8±8.1 vs. 15.6±10.8 days, p=0.9). Of 

the 19 patients who had surgery, only 1 

patient had received antibiotics prior to 
admission (p=0.0001). 

 
Fig.1: The annual distribution of children with pleural empyema in Mazandaran province, Iran. 

 

Table-1: The frequency of clinical findings during examination in patients with pleural empyema 

Clinical finding Frequency Percent 

Fever  39 78 

Cough  28 56 
Respiratory distress 24 48 
Vomiting 9 18 

Abdominal pain 13 26 
Diarrhea 4 8 
Chest pain 18 36 

Tachypnea 14 28 

Reduced respiratory sound 32 64 

Abnormal pulmonary auscultation 5 10 

Tachycardia 11 22 
Hepatomegaly 3 6 

 
Table-2: The ultrasound findings in children with pleural effusion 

Percent Frequency Ultrasound finding 

7.14 2 Pleural thickness 
14.28 4 Loculation 

7.14 2 Air-liquid 
7.14 2 Free liquid 
3.57 1 Debris and remaining particles 

10.71 3 Bilateral effusion 
7.14 2 Debris along with free fluid 

3.57 1 Pleural thickness along with free fluid 

39.28 11 Unilateral pleural effusion 
100 28 Total 
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Table-3: CT scan findings for children with pleural empyema 

CT scan: Computed Tomography. 

 
Table-4:  Success report of the most commonly prescribed drug regimen in admission 

The most commonly prescribed drug 

regimen 

Discharge with 

continuing antibiotic 

treatment 

Discharge without 

continuing antibiotic 

treatment 

Death 

Beta-lactam 5 2 2 

Vancomycin + beta-lactam 12 2 3 

Clindamycin + beta-lactam 4 3 1 

Clindamycin + Vancomycin + beta-lactam 4 1 0 

 

  

4- DISCUSSION 

      Empyema in children usually develops 

as a complication in 0.6% of bacterial 

pneumonias (21, 22). Empyema is a 

known complication of pneumonia yet the 

frequency of this complication is not well 

documented in Mazandaran province. This 

study investigated the clinical features and 

outcomes of empyema in 0-18 year-old 

children presenting to Hospitals in North 

of Iran. In this study incidence of 

empyema was highest in children aged 5-

18 years and in boys higher than girls. In 

accordance with our study, in some studies 

the prevalence of pleural effusion in boys 

was higher than girls (6, 15, 19, 23). 

Contrary to us, Burton et al., and Hailu 

reported higher prevalence in children 

aged less than 5 years (15, 23). In this 

study, the incidence of empyema during 12 

years increased from 6 to 14% (average 

prevalence = 7.5 years). In the study of 

Krenke et al., the prevalence of pleural 

effusion increased from 5.4% to 18.8% 

during ten years (19). Mahon et al. 

reported a ten-fold increase in pleural 

effusion during 15 years (6), and Munoz-

Almagro et al. reported 2.4 times increase 

(7). It is probable that the number of cases 

of pediatric empyema was underestimated 

in our study due to lack of access to 

medical records or incomplete records and 

use of a pneumococcal vaccines in their 

children. Additionally, it is possible that 

the some patients had empyema based on 

Polymerase chain reaction (PCR) or 

pleural fluid criteria but were not identified 

because these tests were not performed in 

these centers. The most common bacterial 

isolate in our study were Escherichia coli, 

Klebsiella, and Enterobacter species. Some 

studies have reported increased 

Staphylococcus aureus empyema 

incidence over the previous decade (23-

25). In Krenke et al. and Hardie et al.’s 

study, the most commonly identified 

bacteria detected by PCR method was 
Streptococcus pneumonia (19, 26).  

In Mahon et al.’s study 63% of the cases of 

empyema and Staphylococcus aureus was 

most frequently isolated organisms and 

26% of Staphylococcus aureus isolates 

were Methicillin-resistant Staphylococcus 

aureus (MRSA). Streptococcus pneumonia 

was the causative organism in 41% and 

Streptococcus pyogenes in 9% of cases 

(6). The reason why Streptococcus 

pneumonia and Haemophilus influenza 

Percent  Frequency  CT scan findings 
25.0 4 Pleural thickness 
25.0 4 Loculation 
6.25 1 Air-liquid 
43.75 7 Pleural effusion 
100 16 Total  
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have not been found in our study can be 

the difficulty to growth of Haemophilus 

influenza. Another reason is applying PCR 

detection method in other studies which 

enables growth of many organisms. Also, 

most of the studies evaluated pneumonia 

patients and in our study, some patients 

had previous history of antibiotic use and 

this negatively impacted the culture results 

(27). In this study, chest tube placement 

and antibiotic therapy were the most 

prevalent procedures while in Mahon et 

al.’s study, surgery was the preferred 

procedure (6). Antibiotics remain a key 

component in medical management of 

empyema (9, 28, 29). 

In the present study, the success rate of 

thoracotomy was higher than that of 

decortication, and 20% of the patients had 

bronchopleural and pneumothorax fistula 

complications. Lau et al.’s study 

demonstrated a strong association between 

delay in operation and prolonged 

hospitalization. Timely surgery is 

recommended as it promotes early 

recovery and shorter hospitalization (30). 

Goldschlager et al. found that 

thoracoscopic drainage is an effective 

procedure for treating empyema in 

children. It is less invasive than open 

thoracotomy and is associated with less 

patient discomfort and less severe pain as 
measured by objective pain scores (31).  

Of 28 patients (56%) who underwent chest 

tube placement, 4 had bronchopleural 

fistula and 4 had pneumothorax 

complications. Therefore, of 8 patients 

with thoracotomy, 1 person suffered from 

pneumothorax. After decontamination of 

the 8 patients, 2 patients had 

pneumothorax and 4 patients had 

bronchopleural fistula. In this study, the 

most commonly prescribed medications 

prior to admission were antipyretics and 

betalactams. Also, 26% of patients who 

received antipyretic agents had pleural 

effusion and 8% suffered from pleural 

empyema, but this finding was not 

statistically significant. In Elemraid et al.’s 

study, ibuprofen prescription more than 

other medications was an independent risk 

factor associated with empyema (32). 

According to Zampoli et al., cumulative 

doses of more than 78 mg/kg of Ibuprofen 

are associated with a 2.5-fold increase in 

the risk of pneumonia (2). The reason for 

insignificant finding in our study can be 

due to the lower number of patients in our 

study than other studies, which needs 

further studies. Also, in our study 

Acetaminophen was prescribed more than 

Ibuprofen. It can also be due to the higher 

administration of acetaminophen than 

other antipyretics in our study. In the 

present study, 38% of the patients received 

antibiotics before admission and of 17 

patients who underwent surgery, only one 

patient received antibiotics before 

admission. In Grant et al.’s study, 40% of 

children received antibiotics before 
admission (33).  

In Krenke et al.’s study, 61% of children 

received antibiotics before admission, and 

the first line antibiotic treatment included 

ampicillin or amoxicillin/Clavulanic acid 

with or without macrolides (19). The 

potential choice of antibiotics should be 

guided by local antimicrobial policies that 

consider susceptibility patterns, 

specifically the prevalence of MRSA (9). 

In our study, the pre-admission treatment 

regimen included beta-lactams such as 

Penicillins with or without macrolides. In a 

study by Mahon et al., 35% of children 

with pleural empyema had preadmission 

antibiotics and these children needed 40% 

less surgical intervention than untreated 

people (6). In Grant et al.’s study, 61% of 

children received no antibiotics prior to 

admission (33). Crocker et al.’s study 

showed the association between primary 

care antibiotic prescribing and increased 

pneumonia and empyema hospitalization 

rates in children (16). Antibiotics for lower 

respiratory tract infection in primary care 

have been shown at a population level to 
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reduce respiratory morbidity and mortality 

in children (34-37). According to the 

findings of the present study, the higher 

need to surgical intervention in children 

who did not receive antibiotics prior to 

admission showed the importance of 

antibiotic intervention before admission. 

Also, antibiotics prescribed for a 

respiratory tract infection may protect 

against subsequent hospital presentation 

for pneumonia or empyema in some 

children (16). In this study, the most 

common microorganisms were 

Enterobacteriaceae which were more 

resistant to cephalosporins, ampicillin and 

cotrimoxazole and most sensitive to 

gentamicin and imipenem. The results of 

Fried et al.’s study was consistent with our 

findings (38). In Nakhaei and Moshrefi’s 

study in Mashhad, the most common 

resistance was to Cotrimoxazole and the 

most sensitivity to Imipenem (39).  In the 

study of Goodarzi et al. in Iran, the highest 
resistance was to ampicillin (40).  

Srisangkaew and Vorachit’s study showed 

high resistance to third-generation 

cephalosporins in Thailand (41). Chibuk et 

al. stated that initial empirical antibiotic 

choice, in the absence of a confirmed 

organism, would be cefotaxime or 

ceftriaxone, with some experts adding 

clindamycin to better cover MRSA (9). 

Adding vancomycin (or linezolid) instead 

of clindamycin is another option, and is 

usually reserved for culture-proven or 

severe suspected MRSA pneumonia (9). It 
is advisable to pay more attention to 

antibiotic test results in order to prevent 

the occurrence of drug resistance with 

minimal complications (42). In this study, 

the mortality rate was 12%, among which 

the highest mortality was in the age group 

of children under 12 months. In the study 

of Mahon et al. mortality rate was 2.88% 

in three 6 month-old children (6). In Hailu 

et al.’s study in Ethiopia, the case fatality 

rate was 16% (23). In de Britto et al.’s 

study, the lethality of pleural empyema 

was 7.8% (17). The higher mortality rate 

in our study compared to some studies 

may be attributed to earlier diagnosis and 

advanced diagnostic equipment like PCR 

which was not performed in our centers 

previously. There is great variation 

worldwide in the management of patients 

with pleural infection, and approaches 

differ between physicians especially in 

developing countries due to the absence of 

facilities (2). Early diagnosis and proper 

treatment of pneumonia prevents the 

development of empyema (23). 

The process of rapid evaluation and 

therapeutic intervention appears to reduce 

morbidity and mortality, as well as 

healthcare costs (43). Moreover, the type 

of employed treatment regimens can also 

affect the prognosis of pleural effusion in 

children so that a higher mortality rate for 
children treated with antibiotics and chest 

tubes compared with those treated with 

fibrinolytic therapy, VATS or thoracotomy 

has been reported (44). Patients who 

undergo primary operative therapy may 

have a lower mortality rate, length of stay, 
and duration of antibiotic therapy (21). 

5- CONCLUSION 

     All the microorganism found in this 

study were susceptible to gentamicin, 

therefore it is suggested to consider it as an 

empirical therapy of children with pleural 

empyema in this region because in our 

previous studies (20, 45-52), gram-

negative organisms in educational centers 

of Mazandaran hospitals, as well as 

Neonatal Intensive Care Units (NICUs), 

and the Paediatric Intensive Cares (PICUs) 

of Mazandaran province were Extended-

Spectrum Beta-Lactamases (ESBL), and 

empirical treatment with third generation 

cephalosporins has a strong resistance. 

Also, multi-antibiotic resistance was 

observed among the patients (53,54). 

Therefore, gentamicin should be added to 

the third generation cephalosporins or 

other classes of antibiotics such as 



Eslami et al. 

Int J Pediatr, Vol.6, N.3, Serial No.51, Mar. 2018                                                                                             7429 

imipenem and meropenem should be 

administered in this region (55, 56). We 

suggest that linzolid or Teicoplanin, which 

are indicated for the treatment of 

vancomycin resistant staphylococcus 

aureus infection, should be prescribed 

instead of vancomycin. Concerning the 

fact that antibiotic treatment with early 

surgical approach was associated with 

lower mortality rate, it is recommended to 

apply early surgery with antibiotic 

prescription in management of pediatric 

pleural empyema. It is believed that early 

VATS (or thoracotomy if VATS is not 

possible) leads to shorter hospitalization 

(21). So, early antibiotic prescribing for 

children with respiratory tract infection in 

primary care is recommended to prevent 

empyema and its complications.  
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