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Abstract
Background  Corticosteroids have an effective inhibitory effect on inflammatory factors and are used as adjunctive 
therapy for viral pneumonia. We conducted this study to compare the effects of a standard treatment regimen with 
and without dexamethasone on the outcomes of 3-7-year-old children with empyema.

Methods  This randomized controlled trial was conducted at a university hospital in Iran from June 2023 to 
November 2024. Children aged 3–7 years with empyema were enrolled. All patients received standard antibiotic 
treatment (Vancomycin and Meropenem) and a fibrinolytic agent (alteplase). The dexamethasone group received 
additional intrapleural dexamethasone injections. Randomization was performed using block randomization with a 
block size of 4. Both children and outcome assessors were blinded to dexamethasone administration. The primary 
outcome was length of stay (LOS), with secondary outcomes including duration of fever, chest tube placement, 
oxygen saturation, and CRP levels.

Results  Out of 47 patients (dexamethasone group = 23), 48.9% of the subjects (n = 23) were girls. The LOS in the 
dexamethasone group, with a median of 9.5 days and a range of 7–17 days, was significantly less than in the control 
group, with a median of 16 days and a range of 10–24 days. The duration of fever (median 5 vs. 11 days) and CRP level 
(median 12.5 vs. 21) in the dexamethasone group were significantly lower than in the control group. No significant 
difference was observed between the two groups in terms of PCR for COVID-19 and influenza, pleural fluid smear 
culture, blood culture, oxygen saturation, and duration of chest tube placement.

Conclusions  Our findings showed that the use of dexamethasone decreases the duration of hospitalization, duration 
of fever, and CRP levels, leading to faster recovery in children with empyema. Dexamethasone can be a safe and 
effective adjunctive therapy for empyema in children.

Trial registration  IRCT20240705062336N1, Retrospectively Registered (20241116).
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Introduction
Empyema is a serious complication defined as the accu-
mulation of pus in the pleural space. It occurs in 2–7% 
of children hospitalized with community-acquired pneu-
monia (CAP) [1, 2]. This disease is more prevalent in 
preschool-aged children [2]. Although the prevalence of 
empyema has decreased following pneumococcal vac-
cination and the use of various antibiotics, it remains a 
significant concern in pediatric pneumonia cases [3, 4].

Children are particularly susceptible to empyema due 
to their immature immune systems. In pediatric patients, 
empyema often manifests with more severe clinical 
symptoms compared to adults, including chest pain, high 
fever, cough, purulent sputum, and shortness of breath. 
Given the serious nature of empyema, early interven-
tion is crucial in managing this complication. Prompt 
diagnosis and initiation of appropriate treatment can sig-
nificantly improve patient outcomes and reduce the like-
lihood of complications [5, 6].

Treatment for empyema typically involves a combina-
tion of medication and surgical interventions. Common 
treatment modalities include intravenous antibiotics, 
intercostal chest tube drainage (ICD), video-assisted tho-
racoscopic surgery (VATS), thoracotomy decortication 
(TDC), and chest tube placement. The specific treatment 
approach is tailored to the individual patient’s condition 
and the severity of the empyema [7–9].

Corticosteroids are effective in inhibiting inflammatory 
factors and are frequently utilized as adjunctive therapy 
for viral pneumonia [10]. Recent studies have indicated 
that corticosteroids can significantly reduce the length of 
hospitalization for patients with pneumococcal pneumo-
nia and empyema. Additionally, early administration of 
corticosteroids has been shown to shorten the recovery 
time for these patients [11–13].

Physicians typically refrain from prescribing corticoste-
roids during active infections due to their immunosup-
pressive effects and potential long-term complications. 
However, a review of published randomized, double-
blind trials comparing corticosteroids to placebo in vari-
ous infections concluded that corticosteroids can be both 
effective and safe for a wide range of conditions. Spe-
cifically, McGee found that corticosteroids are safe for 
patients with bacterial meningitis, tuberculous menin-
gitis, tuberculous pericarditis, severe typhoid fever, teta-
nus, and pneumocystis pneumonia with moderate to 
severe hypoxemia, as their use improves patient survival 
[10]. Given that prolonged hospitalization and infection 
duration can lead to irreversible complications in chil-
dren, in addition to the significant burden of diagnostic 
and treatment costs, timely diagnosis and management 
of empyema are crucial. With this in mind, the present 
study aimed to compare the effect of the standard treat-
ment regimen with and without dexamethasone on the 

length of hospital stay in 3-7-year-old children diagnosed 
with empyema.

Methods
Trial design
This study was designed as a randomized controlled trial 
with parallel groups. Recruitment began in June 2023 
until November 2024. In preparing this manuscript, we 
followed the CONSORT (Consolidated Standards of 
Reporting Trials) guidelines to ensure transparent and 
accurate reporting of our clinical trial. The study protocol 
is available at the Iranian Registry of Clinical Trials with 
the ID number IRCT20240705062336N1.

Setting & participants
The study was conducted at a university hospital affili-
ated with Iran University of Medical Sciences in Iran. The 
sample consisted of children hospitalized at Aliasghar 
Children’s Hospital between 2022 and 2024. Eligibility 
criteria included children aged 3 to 7 years with a diag-
nosis of empyema, confirmed by the presence of pus in 
the intrapleural fluid or a positive microbial culture of the 
pleural fluid. Critically ill and intubated patients, as well 
as those receiving corticosteroids for other conditions, 
were excluded.

Patients were closely monitored for potential adverse 
effects related to dexamethasone administration. With-
drawal criteria included any signs of sensitivity or 
complications attributable to dexamethasone, such as 
allergic reactions (e.g., urticaria, skin rash), gastrointesti-
nal bleeding (e.g., hematemesis, melena), hyperglycemia, 
or hypertension. In such cases, dexamethasone admin-
istration was immediately discontinued, and the patient 
was withdrawn from the study.

Interventions
All patients in both groups received standard antibiotic 
treatment, including Vancomycin and Meropenem. Van-
comycin was administered at 10 mg/kg/dose four times a 
day (QID), and Meropenem at 20 mg/kg/dose three times 
a day (TDS). Additionally, a fibrinolytic agent, alteplase, 
was injected into the pleural chest tube by a pediat-
ric pulmonologist once daily for three days, mixed with 
4 cc in 40 cc of normal saline. For patients in the dexa-
methasone group, they received an additional treatment 
of dexamethasone injected into the chest tube. The dexa-
methasone was administered in two doses every 48  h, 
with a total daily dosage of 0.2 mg/kg/day. The maximum 
total dosage of dexamethasone received by any patient 
was capped at 2 mg to ensure safety and minimize poten-
tial side effects. The control group received 0.5 cc of nor-
mal saline as a placebo injection.
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Randomization, concealment & masking
Randomization was performed using the online platform 
Sealed Envelope with block randomization (block size of 
4) by an individual outside the research team who held 
the randomization sequence and sealed envelopes con-
taining unique codes. The principal investigator con-
tacted this individual to obtain group assignments for 
each enrolled patient. Regarding blinding, children, par-
ents, and outcome assessors remained blinded through-
out the study. Since the children were between 3 and 7 
years old, the intervention was indistinguishable from 
other treatments they received. Parents were not pres-
ent in the ward or PICU at the time of the injections. 
The injections consisted of either 0.5 cc of normal saline 
(placebo) or dexamethasone, 0.5 cc of normal saline was 
injected alone in the control group, while dexamethasone 
was injected in the intervention group. While the prin-
cipal investigator administered the injections, outcome 
assessments were conducted by an independent pediatri-
cian who was not involved in the injections or interven-
tion, ensuring that outcome assessors remained blinded 
to group assignments.

Primary and secondary outcomes
The primary outcome of the study was the length of stay 
(LOS), defined as the total number of days each partici-
pant stay in the hospital from admission to discharge. 
Secondary outcomes included the duration of fever and 
the duration of chest tube placement, measured in days 
from insertion to removal. Oxygen saturation (SO2) lev-
els were assessed using pulse oximetry immediately prior 
to discharge and recorded as a percentage. Additionally, 
C-reactive protein (CRP) levels were measured by spec-
trophotometry before and 48  h after dexamethasone 
administration to evaluate the inflammatory response. 
Importantly, the incidence of complications and adverse 
events related to treatment was also monitored as a sec-
ondary outcome. This included systematic assessment 
of steroid-related side effects such as allergic reactions 
(e.g., urticaria, skin rash), gastrointestinal bleeding (e.g., 
hematemesis, melena), hyperglycemia, and hypertension. 
Blood glucose levels were checked every 12 h using a glu-
cometer, and blood pressure was monitored every 6 h to 
promptly identify any adverse effects, ensuring patient 
safety throughout the study.

Sample size
The sample size was determined using PASS2021 soft-
ware, referencing Tagarro’s study [14]. We considered 
Type I and Type II errors of 0.05 and 0.20, respectively. 
Based on a mean length of hospitalization of 4.5 days for 
the intervention group and 7.5 days for the control group, 
with a standard deviation of 3.5, we calculated that a 
sample size of 23 participants was needed for each group.

Statistical analysis
Data were analyzed using SPSS software version 24. 
Quantitative variables were reported as median (range), 
depending on the distribution of the data. Categori-
cal variables were expressed as frequency (percentage). 
To compare outcomes between the two groups, Mann-
Whitney U test was utilized. Chi-square tests were 
applied to assess differences in categorical variables. A 
significance level of < 0.05 was considered statistically 
significant.

Results
As illustrated in Figs.  1 and 52 children were assessed 
for eligibility, of whom 4 were excluded, including 2 due 
to prior cortisone use. A total of 48 patients aged 3 to 7 
years with empyema were randomized equally into the 
intervention (dexamethasone) and control groups (n = 24 
each). All patients received the allocated intervention. 
One patient in the dexamethasone group was lost to fol-
low-up due to chest tube removal, resulting in 23 patients 
analyzed in this group, while all 24 patients in the con-
trol group completed the study and were included in the 
analysis. Of the 47 patients analyzed, 23 were girls. The 
mean age of patients in the dexamethasone group was 
6.16 years (SD = 3.25). There were no significant differ-
ences between the two groups regarding gender and age 
(P = 0.763 and P = 0.786, respectively) (Table 1).

One patient in each group had received the flu vaccine. 
Chest pain and shortness of breath were observed in all 
patients. PCR evaluation for Covid-19 infection resulted 
in two positive cases in the control group 17 patient in 
the dexamethasone group and 16 patients in the control 
group had positive PCR for influenza. (Table 2)

In Table  3 primary and secondary outcome variables 
evaluated between dexamethasone and control group. 
The LOS in the dexamethasone group with a median of 
9.5 and a range of 7–17 days was significantly less than 
the control group with a median of 16 and a range of 
10–24 days. The duration of fever (median 5 vs. 11) and 
CRP level (median 12.5 vs. 21) in the dexamethasone 
group was significantly lower than the control group. 
No significant difference was observed between the two 
groups in terms of PCR for covid-19 and influenza, pleu-
ral fluid smear culture, blood culture, oxygen saturation 
and duration of chest tube. (Tables 2 and 3)

Discussion
We evaluated the impact of a standard treatment regi-
men, both with and without dexamethasone, on the 
duration of hospitalization for children aged 3 to 7 years 
diagnosed with empyema. Our findings demonstrated 
that the addition of dexamethasone significantly short-
ened the LOS, reduced the duration of fever, and low-
ered blood CRP levels compared to the control group. 
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These differences are not only statistically significant but 
also clinically meaningful. A reduction in LOS from a 
median of 16 to 9.5 days represents a substantial decrease 
in hospitalization burden for both patients and health-
care systems, potentially lowering the risk of hospital-
acquired complications and reducing costs. Similarly, 

the shortened duration of fever (median 5 vs. 11 days) 
reflects faster clinical recovery and improved patient 
comfort. The significant decrease in CRP levels in the 
dexamethasone group indicates a more rapid resolution 
of inflammation, which is consistent with corticosteroids’ 

Table 1  Baseline Demographic characteristics of study participants by treatment group
Dexamethasone group (n = 23) Control group

(n = 24)
P-value

Age, Mean(SD) 6.16 (3.25) 6.43 (2.91) 0.786
Gender, N(%)
girl 12 (54.5) 11 (45.8) 0.555
boy 11 (45.5) 13 (54.2)

Fig. 1  Flow diagram of study participants
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anti-inflammatory effects and supports their role in mod-
ulating the inflammatory response in empyema.

The antipyretic effect of dexamethasone likely con-
tributes to the reduced fever duration. Corticosteroids 
exert their antipyretic action by influencing the hypo-
thalamic set point, thereby lowering fever and associated 
symptoms. While corticosteroids are not primarily indi-
cated for fever reduction alone, their anti-inflammatory 
properties help control systemic inflammation, which is 
reflected in the CRP decline. This accelerated resolution 
of fever and inflammation may facilitate earlier clinical 
stability and discharge, as observed in other respiratory 
infections treated with corticosteroids.

Regarding oxygen saturation and chest tube dura-
tion, no significant differences were observed between 
the dexamethasone and control groups. This finding 
can be explained by the pathophysiology of hypoxemia 
in empyema and pneumonia. Decreased oxygen satura-
tion typically results from ventilation/perfusion mis-
match, intrapulmonary shunting, increased dead space, 
or hypoventilation—mechanisms that corticosteroids do 
not directly modify. Consequently, dexamethasone’s anti-
inflammatory effects do not translate into measurable 
improvements in oxygenation in this context. Moreover, 
chest tube removal is generally determined by the vol-
ume and character of pleural fluid drainage, with removal 
criteria based on secretion volume thresholds rather than 
systemic inflammation. Since dexamethasone does not 
appear to accelerate pleural fluid clearance or alter drain-
age characteristics, the duration of chest tube placement 
remains unaffected.

The dexamethasone group showed significantly shorter 
hospital stays, reduced fever duration, and lower CRP 
levels compared to controls. These findings are clinically 

meaningful, indicating faster recovery, decreased sys-
temic inflammation, and potential reductions in health-
care resource utilization. However, no significant 
differences were observed in oxygen saturation or chest 
tube duration between groups. This may be explained by 
dexamethasone’s anti-inflammatory effects mainly tar-
geting systemic and febrile responses rather than local 
pleural healing or respiratory function parameters. Fur-
thermore, the duration of chest tube placement is often 
determined by mechanical and procedural consider-
ations rather than systemic inflammation.

Limited research has focused on the use of cortico-
steroids for empyema in children. Nevertheless, sev-
eral studies have explored the effects of corticosteroids, 
such as dexamethasone, methylprednisolone, pred-
nisolone, and hydrocortisone, as adjunctive treatments 
for pediatric patients suffering from acute viral infec-
tions, including parapneumonic pleural effusion and 
community-acquired pneumonia (CAP). For example, 
Vijayashekaran et al. demonstrated that dexamethasone 
can be a safe and effective adjunctive therapy for para-
pneumonic pleural effusion in children [15]. Similarly, 
Alfredo Tagarro et al. found that patients receiving dexa-
methasone had a shorter time to recovery compared to 
the placebo group in their study on parapneumonic pleu-
ral effusion [14]. Nematullo et al. concluded that steroid 
therapy is useful in reducing hospitalization in children 
with CAP [16]. Several studies have also investigated the 
effects of corticosteroids in adults with CAP. Meijvis et 
al. showed that dexamethasone reduced the length of 
hospital stay by one day in patients with CAP [17]. Blum 
et al. found that a 7-day course of prednisone short-
ened the time to clinical stability and reduced hospital 
discharge time in hospitalized patients with CAP [18]. 

Table 2  Comparative analysis of PCR and culture results in study groups
Dexamethasone group Control group P-value
Negative Positive Negative Positive

PCR covid-19 21 (100) 0 21 (52.2) 2 (8.70) 0.267
PCR Influenza 4 (19.0) 17 (81.0) 7 (30.4) 16 (69.6) 0.384
Pleural fluid smear 8 (57.1) 6 (42.9) 6 (42.9) 8 (57.1) 0.450
Blood Culture 19 (95.0) 1 (5.0) 41 (97.6) 1 (2.4) 0.476

Table 3  comparison of primary and secondary outcome between study groups
Dexamethasone group (n = 23) Control group (n = 24) P-value*
Median (range) Median (range)

LOS (day) 9 (7–17) 16 (10–24) < 0.001
O2Sat at admission(%) 87.56 (61–96) 89.53 (80–96) 0.88
O2Sat at discharge (%) 96.06 (93–98) 95.58 (92–99) 0.31
Fever duration (day) 5 (3–13) 11 (4–17) < 0.001
Chest tube duration (day) 7 (5–9) 8.00 (6–10) 0.33
CRP at admission (mg/L) 77.73 (56–94) 77.48 (27–94) 0.72
CRP at discharge (mg/L) 15.73 (4–61) 19.78 (8–35) 0.02
*U Mann Whitney
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A meta-analysis by Briel et al. concluded that adjunc-
tive treatment with corticosteroids in hospitalized CAP 
patients reduces the time to clinical stability and length 
of hospitalization without significantly affecting mortal-
ity [19]. More recent meta-analyses have further sup-
ported the benefits of corticosteroids in CAP. Cheema et 
al. found that corticosteroids reduced the risk of all-cause 
mortality, with a greater reduction in younger patients 
[20]. They also showed that corticosteroids reduced the 
incidence of shock, the need for mechanical ventila-
tion, and the length of hospital and ICU stay. XY See et 
al. reported that hydrocortisone was associated with a 
lower risk of death and reduced rates of mechanical ven-
tilation, acute respiratory distress syndrome, shock, and 
ICU length of stay, while dexamethasone, methylprednis-
olone, or prednisolone did not show these associations. 
The antipyretic effect of dexamethasone may be one of 
the main reasons for its beneficial impact on outcomes. 
In the study by Meijvis et al., body temperature began to 
decrease from the day of admission in the dexametha-
sone group, while the decrease started one day later in 
the placebo group [17].

The findings of studies that have investigated the effi-
cacy of corticosteroids in the treatment of respiratory 
infectious diseases suggest that the use of corticosteroids 
in combination with antibiotics can significantly improve 
survival rates and alleviate symptoms in patients with 
respiratory infections. These studies highlight the poten-
tial advantages of corticosteroid therapy in enhancing 
outcomes for children with respiratory infections.

Strengths and limitations
One of the key strengths of this study is its focus on chil-
dren with empyema, unlike many previous studies that 
have examined corticosteroid effects in broader popula-
tions such as community-acquired pneumonia or para-
pneumonic effusion patients. This targeted approach 
provides specific insights into the potential benefits of 
administering dexamethasone directly through the chest 
tube as an additional treatment in empyema. However, 
the study’s relatively small sample size limits its power 
to detect statistically significant differences in secondary 
outcomes, such as culture positivity and oxygen satura-
tion. Larger, multi-center trials with greater sample sizes 
are necessary to further validate these findings and more 
definitively establish the efficacy of dexamethasone in 
this patient population.

Conclusion
These results highlight the potential benefits of dexa-
methasone in reducing the length of hospital stay, fever 
duration, and CRP levels in empyema patients. However, 
the lack of significant differences in other outcomes, such 
as PCR test results, cultures, oxygen saturation, and chest 

tube duration, suggests that dexamethasone may have a 
more limited impact on these specific parameters.
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