Incidence, Causes and Outcome of Pleural Effusion In Pediatric Department In Benha University Hospital 
Abstract
Background: Pleural effusion is the most common presentation of pleural diseases. It can be caused by a variety of conditions including pleuro-pulmonary pathology or systemic disorders. This study aimed to determine incidence, causes and outcome of pleural effusion in pediatric intensive care unit (PICU). Methods: This observational study was conducted on 24 children of age 1 month to 16 years with pleural effusion admitted to PICU. All cases were subjected to full history taking, complete clinical examination and  investigations including analysis of pleural effusion, Chest x- ray and computed tomography (CT) chest.  Results: During the period of the study from March 2024 to February 2025, 550 patients were admitted to PICU, 24 of them had pleural effusion (4.3%), 13 males and 11 females, their mean age was 6.1±3.7 years, 66.7% of children had exudates, 29.2% had transudate, only 4.1% had hemorrhagic effusion. About 50% had empyema 12.5% had para-pneumonic effusion, 4.2% had ruptured hydatid cyst, 20.8% of cases had congestive heart failure, 4.2% had para-pneumonic effusion and 4.2% had nephrotic syndrome. most cases needed noninvasive oxygen support (79.2%), only 20.8% of cases needed mechanical ventillation (MV). Most cases (70.8%) had thoracostomy, 16.7% had diagnostic tapping while 12.5% had no intervention. Most cases (58.3%) were discharged home without complications, 20.8% had decortication, 12.5% needed STK injection, 4.2% had lobectomy + decortication, and 4.2% of cases didn't survive. Conclusion: Pleural effusion became more common in children. Majority of effusion occured in younger children and were exudative in origin. Proper diagnosis and prompt treatment ensued an excellent prognosis. 
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Introduction
Pediatric pleural effusion is an abnormality that results from the accumulation of fluid in the pleural space which can be caused by a fundamental phenomenon or subsequent to a range of illnesses such as infection.This accumulating fluid might result from excessive filtering or poor absorption. Despite its asymptomatic nature, mild effusion can lead to problems such as respiratory failure caused by large fluid accumulation, septicemia, bronchopleural fistula, pneumothorax and pleural thickening (1).
Pleural effusion represents a significant clinical challenge in the pediatric population. This condition may arise as a primary manifestation or secondary to various underlying pathologies including infectious, inflammatory, malignant and systemic disorders. The global incidence of pediatric pleural effusion has been reported to range from 0.4 to 6 per 1000 hospital admissions with higher prevalence in developing countries (2). 
The etiological spectrum of pleural effusion in children differs markedly from that of adults as para-pneumonic effusions and empyema constituting approximately 50-70% of cases. Other common causes include tuberculosis, malignancies and rheumatological disorders. The clinical presentation varies widely depending on the underlying etiology, volume of effusion and rapidity of accumulation often presenting diagnostic and therapeutic challenges to pediatricians (3).
Management approaches for pediatric pleural effusion have evolved significantly over the past two decades transitioning from conservative medical management to more aggressive interventional strategies. The therapeutic options range from simple thoracentesis to chest tube drainage, intrapleural fibrinolytics, VATS (Video-Assisted Thoracoscopic Surgery) and open decortication. Despite these advancements, there is considerable debate regarding the optimal timing and selection of these interventions particularly in resource-limited settings (4).
 Recent guidelines from international societies have attempted to standardize the approach to pediatric pleural effusion however, regional variations in pathogen distribution, antimicrobial resistance patterns and healthcare resource availability necessitate context-specific studies. Additionally, the emergence of novel pathogens and changing resistance profiles has further complicated the management paradigm (5).
 In this context, studying the clinical profile and management modalities of pleural effusion in children becomes crucial for developing evidence-based protocols tailored to specific populations.
This study aimed to determine incidence, causes and outcome of pleural effusion in PICU. 
Patient and method:
This  prospective observational study was conducted on children  admitted with pleural effusion  to PICU in Benha University Hospital  during the period from March 2024 to February 2025. With a study sample composed of children aged from 1 month to 16 years.
The inclusion criteria involved both sexes ,children aged 1 month to 16 years, evidence of pleural effusion either exudative or transudative by chest x-ray  and admission to PICU of Benha University Hospital.
 The exclusion criteria were patients < 1 month and > 16 years of age, children with no signs of respiratory distress and  children with no PICU admission.
Ethical consideration:   
Approval of the study protocol by the Ethical Scientific Committee of Benha University was obtained (MS 21-3-2024). Informed verbal and written parental consent were obtained from the parents before enrollment in the study. An administrative permission was obtained.
Methodology: Every case  was submitted to a full history taking  that included sociodemographic information and symptoms of current illness and chronic comorbidity through clinical examination and investigations including:  complete blood count (CBC), arterial blood gases (ABGs), blood culture, kidney and liver function tests, serum electrolytes (sodium, potassium and calcium) , C-reactive protein (CRP) , Adenosine deaminase (ADA ) for tuberculosis  as well as physical, chemical, cytological, culture and sensitivity investigation of pleural effusions. Chest x- ray was done to detect obliteration of costophrenic angle and computed tomography (CT) chest to determine the amount of effusion.       
All patients were followed up till discharge, the following were recorded: season of admission, duration of hospital stay, lines of treatment as chest tube, streptokinase injection plus decortication and lobectomy. Added to that the association of severity of pleural effusion with need of noninvasive oxygen support and need of mechanical ventilation. With recording the final outcome (discharge or death).
Statistical Analysis
The collected data was revised, coded, tabulated using Statistical package for Social Science (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.). Data were presented and suitable analysis was done according to the type of data obtained for each parameter. Shapiro test was done to test the normality of data distribution. Descriptive statistics: Mean Standard deviation (±SD) for parametric numerical data while Median and range for non-parametric numerical data. Frequency and percentage of non-numerical data. Analytical statistics:  Chi-Square test was used to examine the relationship between two qualitative variables. Fisher’s exact test was used to examine the relationship between two qualitative variables when the expected count is less than 5 in more than 20% of cells. (6)
Results 
During the period of the work (1 year), 550 patients were admitted to PICU, 24 of them had pleural effusion (4.3%), included 13 males and 11 females, their mean age was 6.1±3.7 years, 62.5% of cases ranged from 5 months to 6 years and 37.5% ranged from 7-15 years. the mean weight percentile of the studied group was 24.3±12.5, the mean height percentile was 43.8±19.4 and the mean BMI percentile was 21.3±11.0. Most cases were admitted in winter (9 cases), then summer (6 cases), autumn (5 cases) then spring (4 cases) Table1.
Table 1: Sociodemographic data of the studied group
	
	N=24
	 %

	Sex
	Female
	11
	45.8%

	
	Male
	13
	54.2%

	Age (years)
	Mean±SD
	6.1±3.7

	
	Range 
	6 months -15 years

	Age groups 
	5 months-6 years
	15
	62.5%

	
	7-15 years
	9
	37.5%

	Weight percentile
	Mean±SD
	24.3±12.5

	
	Range 
	3rd- 50th

	Height percentile
	Mean±SD
	43.8±19.4

	
	Range 
	3rd- 50th 

	BMI percentile
	Mean±SD
	21.3±11.0

	
	Range 
	3rd- 50th

	Season 
	Winter
	9
	37.5%

	
	Spring 
	4
	16.7%

	
	Summer 
	6
	25.0%

	
	Autumn 
	5
	20.8%


All cases had dyspnea, most cases (62.5%) had fever, (45.8%) of cases had cough, (25%) of cases had chest pain, (37.5%) had abdominal pain, (70.8%) had refusal of feeding and (12.5%) had generalized edema. Children aged 5 months to 6 years had statistically higher frequencies of fever and cough, while children aged 7-15 years had statistically higher frequencies of chest pain, abdominal pain and generalized edema. While there was no statistical differences between groups as regarding dyspnea or refusal of feeding. Most cases (70.8%) had no history of chronic morbidities,(20.8%) had history of  congestive heart disease (CHD), one child (4.2%) had history of renal disease( nephrotic syndrome) and one child (4.2%) had history of hydatid cyst. All cases had obligatory vaccines only, all cases had normal development, (41.6%) had history of previous hospital admission. There was statistical difference between the studied groups as regarding to chronic morbidity and history of previous hospital admission being higher in 7-15 years group compared to 5months to 6 years group. While there was no statistical differences between groups as regarding to immunization or development Table 2. 
Table 2: Presenting symptoms and past history of the studied group as regarding to age groups
	
	5 months-6 years
	7-15 years
	Test 
	P value

	
	N=15
	%
	N=9
	%
	
	

	Fever
	Present 
	11
	73.3%
	4
	44.4%
	X2=4.1
	0.045*

	
	Absent 
	4
	26.7%
	5
	55.6%
	
	

	Cough
	Present  
	9
	60.0%
	2
	22.2%
	X2=6.4
	0.011*

	
	Absent 
	6
	40.0%
	7
	77.8%
	
	

	Dyspnea
	Present
	15
	100.0%
	9
	100.0%
	-
	-

	
	Absent
	0
	0.0%
	0
	0.0%
	
	

	Chest pain 
	Present
	0
	0.0%
	6
	66.7%
	X2=15.4
	<0.001*

	
	Absent
	15
	100.0%
	3
	33.3%
	
	

	Abdominal pain 
	Present
	2
	13.3%
	7
	77.8%
	X2=14.8
	<0.001*

	
	Absent
	13
	86.7%
	2
	22.2%
	
	

	Refusal of feeding 
	Present
	11
	73.3%
	6
	66.7%
	X2=2.3
	0.22

	
	Absent
	4
	26.7%
	3
	33.3%
	
	

	Generalized edema
	Present
	0
	0.0%
	3
	33.3%
	X2=4.3
	0.041*

	
	Absent
	15
	100.0%
	6
	66.7%
	
	

	Chronic comorbidity
	No 
	13
	86.7%
	4
	44.4%
	X2=11.2
	0.003*

	
	CHD
	2
	13.3%
	3
	33.3%
	
	

	
	Renal
	0
	0.0%
	1
	11.1%
	
	

	
	Hydatid cyst
	0
	0.0%
	1
	11.1%
	
	

	Immunization
	Obligatory vaccines
	15
	100.0%
	9
	100.0%
	-
	-

	
	Additional vaccines
	0
	0.0%
	0
	0.0%
	
	

	Development 
	Normal for age
	24
	100.0%
	9
	100.0%
	-
	-

	
	Delayed 
	0
	0.0%
	0
	0.0%
	
	

	History of previous hospital admission
	Yes 
	5
	33.3%
	5
	55.6%
	X2=4.1
	0.045*

	
	No 
	10
	66.7%
	4
	44.4%
	
	


X2: Chi-square test, *: significant
The mean hemoglobin of the studied group was 10.4±1.7 mg/dl, the mean WBCs was 20.6±8.6, the mean neutrophils was 13.6±7.9, the mean lymphocytes was 6.6±1.2, the mean platelets was 305.8±83.2,  the mean CRP of the studied group was 65.5±32.6 mg/dl, the mean sodium was 136.8±4.4, the mean potassium  was 3.9±0.6, the mean calcium was 9.1±0.6, the mean urea was 41.6±21.8, the mean creatinine was 0.8±0.3, the mean PH was 7.31±0.07, the mean Co2 was 46.4±9.3, the mean Hco3 was 17.0±2.7, pleural effusion culture showed no growth in most cases only one case (4.2%) had staphylococcus and another case had Streptococcus pneumoniae. Blood culture was positive in one case (4.2%) for Streptococcus pneumoniae, other 23 cases showed no growth Table 3.
Table 3: Complete blood count of the studied group
	
	Study group

	Hemoglobin (g/dl)
	Mean±SD
	10.4±1.7

	
	Range 
	6.8-14.0

	WBCs (x103 /ul)
	Mean±SD
	20.6±8.6

	
	Range 
	7.6-47.1

	Neutrophils (x103 /ul)
	Mean±SD
	13.6±7.9

	
	Range 
	3.5-29.5

	Lymphocytes  (x103 /ml)
	Mean±SD
	6.6±1.2

	
	Range 
	0.7-22.4

	Platelets (x103/ml)
	Mean±SD
	305.8±83.2

	
	Range 
	170-475

	C-reactive protein (mg/L)
	Mean±SD
	65.5±32.6

	
	Range 
	12.0-96.0

	Sodium (meq/L)
	Mean±SD
	136.8±4.4

	
	Range 
	127.0-146.0

	Potassium (meq/L)
	Mean±SD
	3.9±0.6

	
	Range 
	3.0-4.8

	Total calcium (mg/dl)
	Mean±SD
	9.1±0.6

	
	Range 
	7.6-10.3

	Urea (mg/dl)

	Mean±SD
	41.6±21.8

	
	Range 
	19.0-88.0

	Creatinine  (mg/dl)
	Mean±SD
	0.8±0.3

	
	Range 
	0.4-1.4

	PH
	Mean±SD
	7.31±0.07

	
	Range 
	7.25-7.4

	CO2 (mmHg)
	Mean±SD
	46.4±9.3

	
	Range 
	32-66

	HCO3 (meq/L)
	Mean±SD
	17.0±2.7

	
	Range 
	11.3-24.6

	
	N=24
	 %

	Culture of pleural effusion
	Not done 
	4
	16.7%

	
	No growth
	18
	75.0%

	
	Staphylococcus aureus
	1
	4.2%

	
	Streptococcus pneumoniae
	1
	4.2%

	Blood culture
	No growth
	23
	95.8%

	
	Positive (Streptococcus pneumoniae)
	1
	4.2%



Most children had exudative effusion; 50% had empyema, 12.5% had parapneumonic effusion,  one child (4.2%) had ruptured hydatid cyst, 7 cases had transudates (5 had Congestive heart failure, 1 had parapneumonic effusion and one had nephrotic syndrome). Only one case (4.1%) had hemorrhagic traumatic effusion. children aged 5 months to 6 years had statistically higher frequencies of empyema compared to children aged 7-15 years Table 4.
Table 4: Types and cause of pleural effusion as regarding to age groups
	
	5 months-6 years
	7-15 years
	Test 
	P value

	
	N=15
	%
	N=9
	%
	
	

	Exudates
	Empyema
	9
	60.0%
	3
	33.3%
	X2=12.1
	0.033*

	
	Para pneumonic
	2
	13.3%
	1
	11.1%
	
	

	
	Ruptured hydatid cyst
	0
	0.0%
	1
	11.1%
	
	

	Transudates
	CHF 
	2
	13.3%
	3
	33.3%
	
	

	
	Para pneumonic 
	1
	6.7%
	0
	0.0%
	
	

	
	Nephrotic syndrome
	0
	0.0%
	1
	11.1%
	
	

	Traumatic
	Hemorrhagic effusion
	1
	6.7%
	0
	0.0%
	
	


X2: Chi-square test, *: significant
Most cases needed non invasive oxygen (79.2%), only 20.8% of cases needed MV. Most cases (70.8%) had thoracostomy, 16.7% had diagnostic tapping, while 12.5% had no intervention. there was statistical difference between the studied groups as regarding to management as children 5 months-years had statistically higher frequency of thoracostomy and diagnostic tabbing and lower frequency of no intervention compared to elder children. While there was no statistical differences between groups as regarding to need of oxygen support. Table 5, Most cases (58.3%) were discharged home without complications, 20.8% had decortication, 12.5% needed STK injection, one case (4.2%) had lobectomy + decortication, and only one case (4.2%) not survived. there was no statistical differences between groups as regarding to their outcome Table 5 & Figure 1.
Table 5: Management and outcome as regarding to age groups
	
	5 months-6 years
	7-15 years
	Test 
	P value

	
	N=15
	%
	N=9
	%
	
	

	Oxygen support
	Noninvasive Oxygen
	13
	86.7%
	6
	66.7%
	X2=2.7
	0.09

	
	MV
	2
	13.3%
	3
	33.3%
	
	

	Management
	Thoracostomy
	12
	80.0%
	5
	55.6%
	X2=11.2
	0.003*

	
	Diagnostic tapping
	3
	20.0%
	1
	11.1%
	
	

	
	No intervention
	0
	0.0%
	3
	33.3%
	
	

	Outcome
	Home discharge
	9
	60.0%
	5
	55.6%
	X2=4.6
	0.33

	
	Decortication
	3
	20.0%
	2
	22.2%
	
	

	
	Not survived 
	1
	6.7%
	0
	0.0%
	
	

	
	Lobectomy + decortication
	0
	0.0%
	1
	11.1%
	
	

	
	STK injection
	2
	13.3%
	1
	11.1%
	
	


X2: Chi-square test, *: significant

Figure 1: Comparison between the studied groups as regarding to outcome.
Discussion 
This study aimed to determine incidence, causes and outcome of pleural effusion in PICU. During the period of the study (1 year), 550 patients were admitted to PICU, 24 of them had pleural effusion (4.3%), they were 13 males and 11 females, (male to female of 1.2:1) their mean age was 6.1±3.7 years, 62.5% of cases ranged from 5 months to 6 years and 37.5% ranged from 7-15 years.
According to Pikle et al. (5)the incidence of pleural effusion in pediatric patients during the study period was 2.36%. The age group of 1 to 5 years old had the highest frequency, accounting for 45.3% of cases. With a male-to-female ratio of 1.23:1, boys were more frequently impacted than girls. A similar study by Rajput & Khan (7) observed that there was a male predominance 56.7%. The mean age of the studied group was 5.4±3.5 years. Our results also run in accordance with Adnan et al. (8) as most of the children (69.7%)  were in between 2 to 6 years while (18.6%) children were below 2 years and (11.6%)  children  were above  6  years respectively.  	Comment by neveen soliman: Reference # 6 is missing.
Please, add and do the needed re-arrangements
This male predominance can be attributed to differences in health-seeking behavior due to greater attention to the male children and potential biological factors.
In the current study, there was statistical difference between the studied groups as regarding to chronic morbidity and history of previous hospital admission being higher in 7-15 years group compared to 5 months to 6 years group. While there was no statistical differences between groups as regarding to immunization or development. Children aged 5 months to 6 years had statistically higher frequencies of fever and cough while children aged 7-15 years had statistically higher frequencies of chest pain, abdominal pain and generalized edema. Children aged 5 months to 6 years had statistically higher frequencies of empyema compared to children aged 7-15 years.
This aligns with the findings of Kumar et al. (9)who observed a strong association (p value<0.05) between the cause of pleural effusion and age. While tubercular effusion was more common in older children and adolescents, empyema was more frequent in younger children.
In the current study, 66.7% of children had exudates and 29.2% had transudate, only 4.1% had hemorrhagic effusion. Of exudates about 50% had empyema 12.5% had parapneumonic effusion and 4.2% had ruptured hydatid cyst. Regarding transudates, 20.8% of cases had congestive heart failure, 4.2% had para pneumonic effusion and 4.2% had nephrotic syndrome. 
Our findings were similar to those of Pikle et al. (5) who found that the most common cause was pneumonia (58.1%), followed by congestive heart failure (19.9%), dengue (9.7%), tuberculosis (5.5%) and renal disorders (6.8%). (90.4%)of the cases were exudative, according to pleural fluid examination.  Additionally, while comparing the various forms of pleural effusion in this study Akand et al. (10) found that empyema (40%) was more common than tubercular pleural effusion (30%) and parapneumonic effusion (26.7%). A similar study by Rajput & Khan, (7), The cause of pleural effusion in (73.3%) of patients was pneumonia, (20.0%) tuberculosis, and (5.7%) had congestive heart failure (CHF). 
Our findings did not match those of a research conducted in Bangladesh by Adnan et al. (8), who found that dengue fever was the most common cause of pleural effusion in the children who were recruited.  Dengue was present in 20.9% of patients overall.   The most common condition among the tapped cases was tubercular effusion (16.2%), which was followed by para-pneumonic effusion and empyema (14.9% each). 9.3% of patients with nephrotic syndrome and cancer had the same number of effusions.   7% of cases of effusion were caused by acute viral hepatitis, while 4.7% were caused by both acute pancreatitis and heart failure. Additionally, in a study conducted in a tertiary care hospital in North India by Kumar et al. (9), the most common etiology found was tuberculosis (21.1%), which was followed by empyema (20.3%), septicemia (16.5%), synpneumonic/parapneumonic effusion (15%), nephrotic syndrome (8.3%), acute hepatitis (8.3%), dengue fever (3%), malignancy (1.5%), acute pancreatitis (1.5%), severe anemia, and others (4.5%).In the present study, pleural effusion culture showed no growth in most cases; only 4.2% had staphylococcus aureus and 4.2% had Streptococcus pneumoniae Blood culture was positive in 4.2% for Streptococcus pneumoniae, other cases showed no growth.
Our findings were consistent with those of Kumar et al. (9), who found that only 6.0% of organisms were isolated from the pleural fluid culture.  staphylococcus aureus was the most frequently isolated organism, followed by Streptococcus pneumoniae.  Adnan et al. (8) found that only three of the 39 cases of effusion had positive culture reports, with one case of pseudomonas and two cases of Gram-positive diplococci.
The previous use of antibiotics and the delayed referral were likely the causes of the low yield of pleural fluid culture.
Our findings differed from those of Kumar et al. (11) who found that 42.2% of pleural fluid cultures were sterile and 57.8% of them were positive for organisms.  The most frequently cultured pathogens from pleural fluid were Staphylococcus aureus (44.4% of cases), Streptococcus pneumoniae (6.7% of cases), and Pseudomonas aeruginosa and Klebsiella spp. (3.3% of cases each).	Comment by neveen soliman: Please add the REC code and number in the textr unde the subjects and methods.	Comment by neveen soliman: Reference # 10 is missing.
Please, add it and do the needed re-arrangements.
In the current study, most cases needed noninvasive oxygen support (79.2%), only 20.8% of cases needed MV. Most cases (79.8%) had thoracostomy, 16.7% had diagnostic tapping, while 12.5% had no intervention. Most cases (58.3%) were discharged home without complications, 20.8% had decortication, 12.5% needed STK injection, 4.2% had lobectomy + decortication, and 4.2% of cases did not survive.
In contrast to our research, Pikle et al. (5) found that 24.5% of patients needed the placement of an intercostal drainage tube, whereas 69.5% of patients were successfully treated with medication alone.  In 5.9% of cases, surgical procedures such as decortication and thoracotomy were carried out.  The death rate for surgically treated cases was greater (35.7%) than for conservatively treated cases.  (93.4%) of patients were released following successful treatment, indicating a positive overall outcome.  However, serious complications and delayed presentation were the main causes of death in 5.9% of cases.  Additionally, 0.8% of patients chose to be discharged without medical recommendation.
A total of 39 out of 43 patients who were enrolled in the study by Adnan et al. (8) were treated until they fully recovered.  Following discharge, patients were monitored in a child asthma center.    Both long-term complications and death were absent.  The remaining four patients with cancer were sent to Bangabandhu Sheikh Mujib Medical University (BSMMU) where three of them were found to have lymphoma and the other one had soft tissue sarcoma. Both of these patients passed away.   Chemotherapy based on protocol has been administered to the other two cancer cases.
Contrary to our findings, Kumar et al. (11) found that decortication was performed in 5.6% of the patients, whereas antibiotics and drainage were the primary treatment modalities in 94.4% of the cases.  Just 4.5% of patients died, while 95.5% of patients were healed. However, our study was a single center study; the total number of patients in this study was 24 and studies with a larger number of patients may be more conclusive and beneficial. 
Conclusion 
Pleural effusion was more common in younger individuals. Most effusions were of exudative origin. The most frequent cause of all types of effusion was empyema. Common symptoms included fever, cough, breathing problems, chest pain and pain in abdomen. Empyema was notably more prevalent in children aged five months to six years than in those aged seven to fifteen years.                      Overall (8.4%) of cases had identified causative microorganisms. An excellent prognosis was achieved through accurate diagnosis and prompt treatment.
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