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Abstract 
Purpose: Empyema has a high prevalence in children, with a mortality rate of 
10% - 27%. Accurate staging of the exudative, fibrinopurulent, and organizing 
phases is crucial for effective treatment. This study aimed to improve the pre-
operative staging of empyema to enhance treatment outcomes. Methods: Pe-
diatric patients with empyema who were initially treated with tube thoracostomy 
between January 2014 and December 2023 were retrospectively analyzed. The 
primary outcome was the comparison of drainage volume on the first day 
(DV1st) between the tube thoracostomy and surgical conversion groups. The 
secondary outcome was the comparison of the DV1st-to-body weight ratio 
(DV1st/BW) between the two groups. Results: A total of 31 patients were treated, 
with 15 undergoing initial tube thoracostomy. The tube thoracostomy group 
had a significantly higher median DV1st (155.5 mL) than that of the surgical 
conversion group (20.0 mL, p = 0.04). The receiver operating characteristic 
curve analysis identified DV1st and DV1st/BW cutoffs of 20 mL and 6.90 (area 
under the curve = 0.84 for both), indicating that higher initial drainage vol-
umes may predict successful non-surgical treatment. Conclusion: DV1st and 
DV1st/BW may be effective indicators for determining the need for surgical 
intervention, potentially enabling earlier and more accurate treatment deci-
sions. 
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1. Introduction 

Empyema, which often results from pneumonia, is particularly prevalent in pedi-
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atric patients and is associated with a high mortality rate of 10% - 27%, necessi-
tating appropriate treatment strategies [1] [2]. This progressive disease is catego-
rized into three stages: the exudative phase (Stage 1), the fibrinopurulent phase 
(Stage 2), and the organizing phase (Stage 3). Stage 1, the early exudative phase, is 
characterized by the accumulation of thin reactive fluid and a few cells in the pleu-
ral space. Stage 2, the fibrinopurulent phase, involves large numbers of white blood 
cells and fibrin deposition, leading to the formation of loculations. Stage 3, the 
organizing phase, is marked by the development of a thick fibrinous peel that en-
cases the lung and restricts its mobility [3]-[7]. Effective treatment depends on the 
accurate identification of the disease stage, underscoring the importance of precise 
staging in empyema management. 

Current guidelines recommend video-assisted thoracoscopic surgery as initial 
treatment from Stage 2 onward [3]. However, stage classification primarily depends 
on the condition of the pleural cavity. Although it is often estimated by the num-
ber of days since onset, disease progression rates differ among individuals due to 
differences in local disease activity, rendering accurate preoperative staging chal-
lenging [6] [7]. 

Ozel et al. reported that 89.6% of pediatric empyema cases can be managed con-
servatively, such as with drainage [8]. Paraskakis et al. recommend tube thora-
costomy as an initial approach in children, with surgical intervention reserved for 
cases that show no improvement after 1 week [4]. Thus, tube thoracostomy is often 
chosen for pediatric empyema. The aforementioned guidelines recommend a tube 
thoracostomy for Stage 1 empyema [3] because this stage is believed to have min-
imal fibrosis progression, enhancing the effectiveness of drainage. As such, we hy-
pothesized that on this basis, effective drainage might indicate Stage 1 empyema, 
whereas ineffective drainage may correspond with Stage 2 or 3 disease, which is 
an indication for surgery. In addition, minimizing delays associated with decision-
making for surgery may lead to a shorter hospital stay and treatment period. There-
fore, the objective of this study was to investigate whether drainage volume on the 
first day (DV1st) can help indicate the treatment effect of drainage. 

2. Methods 
2.1. Study Design and Setting 

This case-control study was conducted at a single institution between January 2014 
and December 2023 and conformed to the STROBE reporting guidelines [9]. Data 
were retrospectively collected from medical records. 

2.2. Inclusion and Exclusion Criteria 

This study included pediatric patients with a diagnosis of empyema who were in-
itially treated with tube thoracostomy. Empyema was defined as the presence of 
pus-containing drainage fluid from tube thoracostomy. Patients with serous effu-
sions, those diagnosed with empyema based on imaging but initially treated solely 
with antibiotics, and those who underwent surgery as the initial treatment were 
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excluded. 

2.3. Variables and Measurements 

Data on preoperative patient characteristics (age, sex, and BW); duration from 
symptom onset to presentation; serum leukocyte count, serum C-reactive protein 
(CRP) level, and oxygen dose at presentation; size of the inserted drain; presence 
of septa in the chest cavity on ultrasound; presence of air in the abscess on com-
puted tomography (CT); DV1st; and hospitalization duration were collected. 

The primary outcome was the comparison of DV1st between the tube thora-
costomy and surgical conversion groups. The secondary outcome was a compar-
ison of the DV1st/BW ratio between the two groups. 

2.4. Statistical Analysis 

Statistical analyses were performed using EZR software (version 1.67) [10]. De-
scriptive statistics were calculated for all variables. The Mann-Whitney U test was 
used to compare the outcomes, as both datasets were non-normally distributed 
according to the Shapiro-Wilk normality test. Statistical significance was set at p 
< 0.05. Receiver operating characteristic (ROC) curve analyses were conducted to 
determine the area under the curve (AUC) and establish optimal cutoff values. 

2.5. Ethical Considerations 

The study protocol was reviewed and approved by the Institutional Review Board 
of Saitama Prefectural Children’s Medical Center. Informed consent was obtained 
from the parents or guardians of all participants. Data confidentiality was main-
tained in accordance with institutional guidelines and regulations. 

3. Results 

A total of 31 patients were hospitalized and treated for empyema between January 
2014 and December 2023, of whom 15 underwent tube thoracostomy as the initial 
treatment. The other 16 patients were excluded from the study because they were 
initially treated with antibiotics alone. All patients who chose only antibiotics for 
initial treatment did not undergo tube thoracostomy because there was only a small 
amount of abscess accumulation, and there was no safe drainage space. None of the 
patients chose surgery as the initial treatment. In the end, 10 patients were able to 
complete treatment with only a tube thoracostomy, and 5 patients were converted 
to surgery (Figure 1). There were no clear criteria for conversion to surgery; instead, 
surgery was performed in cases judged to be treatment-refractory based on a com-
prehensive assessment of various findings, including physical examination, blood 
test results, and imaging findings. 

3.1. Patients 

The patient characteristics are summarized in Table 1. The groups did not differ 
significantly in terms of demographics (age, sex, BW), leukocyte count, serum  
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Figure 1. Flowchart of patient selection for this study. 

 
Table 1. Patient characteristics. 

 Tube thoracostomy 
n = 10 

Surgical conversion 
n = 5 

p-value 

Age, years; Median (IQR) 7 (2 - 24) 8 (0 - 27) 0.854* 

Sex; N (%)   0.251† 

Female 2 (20) 3 (60)  

Male 8 (80) 2 (40)  

Body weight, kg; Median (IQR) 19.2 (11.7 - 64.3) 22.4 (2.9 - 33.1) 0.759* 

Duration until presentation after symptoms, days; Median (IQR) 7 (2 - 30) 15 (6 - 30) 0.354* 

Serum leukocytes count at presentation, /μL; Median (IQR) 20780 (13,500 - 30,200) 17800 (12,800 - 32,690) 0.462* 

Serum C-reactive protein level at presentation, mg/dL; Median (IQR) 21.7 (5.4 - 45.9) 13.4 (2.2 - 25.7) 0.462* 

Oxygen dose at presentation, L; Median (IQR) 3.0 (0.0 - 8.0) 3.0 (0.0 - 5.0) 0.950* 

Size of inserted drain, Fr; Median (IQR) 11.0 (8.0 - 24.0) 10.0 (3.5 - 16.0) 0.619* 

Presence of septum in the chest cavity on ultrasound; N (%) 7 (70) 4 (80) 1.000† 

Presence of air in the abscess on CT; N (%) 2 (20) 3 (60) 0.251† 

IQR: interquartile range; n: number; SD: standard deviation; *: Mann-Whitney U test; †: Fisher’s exact test. 
 

CRP level, or oxygen dose at presentation; size of inserted drain; presence of sep-
tum in the chest cavity on ultrasound; presence of air in the abscess on CT; or du-
ration of hospitalization. 

3.2. Outcomes 

The results are shown in Table 2. The median DV1st was significantly larger in 
the tube thoracostomy group compared to that in the surgical conversion group 
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(155.5 mL vs. 20.0 mL, p = 0.04). A ROC curve was constructed to assess the rela-
tionship between sensitivity and 1-specificity for different DV1st thresholds to de-
termine the optimal cutoff value for successful treatment with tube thoracostomy 
alone (Figure 2). The optimal cutoff value for DV1st was identified as 20 mL ac-
cording to the Youden index, yielding an AUC of 0.84. The tube thoracostomy 
group had a significantly higher median DV1st/BW value than that in the surgical 
conversion group (7.95 mL/kg vs. 2.45 mL/kg, p = 0.04). The optimal cutoff for 
DV1st/BW was 6.90 mL/kg, with an AUC of 0.84 (Figure 2). 

 
Table 2. Outcome data. 

 Tube thoracostomy 
n = 10 

Surgical conversion 
n = 5 

p-value 

DV1st, mL; Median (IQR) 155.5 (72.5 - 582.5) 20.0 (10.0 - 82.0) 0.04 

DV1st/BW, mL/kg; Median (IQR) 7.95 (4.94 - 14.4) 2.48 (0.45 - 6.25) 0.04 

DV1st: drainage volume on 1st day; IQR: interquartile range; n: number. 
 

 
Figure 2. Receiver operating characteristic curves for surgical conversion after tube thora-
costomy for empyema. 

4. Discussion 

The results of this study demonstrate that patients who were successfully treated 
with tube thoracostomy alone had a significantly larger DV1st than that of pa-
tients who required surgical conversion. The secondary outcome, DV1st/BW, was 
also significantly larger in the tube thoracostomy group. Furthermore, the ROC 
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curve analysis suggests that the likelihood of requiring surgery increases if DV1st 
is <20 mL or DV1st/BW is <6.90 mL/kg. 

Previous studies have examined the use of preoperative tests to determine pa-
tients’ suitability for surgery. Chen et al. compared 163 patients with empyema 
and found that those with a septum in the pleural cavity (83 patients) were signif-
icantly more likely to undergo surgical intervention than those without a septum 
(24.3% vs. 7.5%, p = 0.004) [11]. However, in the present study, no significant dif-
ferences were found between the groups regarding the presence of a septum on 
ultrasound or air in the abscess on CT. To our knowledge, no reports to date have 
examined the relationship between drainage volume and surgical indication in 
empyema; however, Mowery et al. and Yap et al. have suggested the utility of drain-
age volume in determining surgical intervention in hemothorax and lobectomy, 
respectively [12] [13]. These findings support the hypothesis that drainage volume 
may be a reasonable factor to consider when deciding on a treatment strategy for 
empyema. 

Nandesh et al. reported that early surgical intervention in pediatric patients 
with Stage 2 empyema can shorten hospitalization duration [14] [15]. Avansino 
et al. also found that patients who chose surgery as initial treatment showed shorter 
hospital stays (10.8 vs. 20.0 days), briefer antibiotic use (12.8 vs. 21.3 days), equiv-
alent complication rates (5% vs. 5.6%), and better cost-effectiveness than those 
who chose tube thoracostomy [7]. Therefore, early surgical intervention may be 
beneficial even in children. However, tube thoracostomy also demonstrates ad-
vantages as a minimally invasive procedure. The approach used in this study will 
enable the determination of the need for surgical intervention at an early stage, al-
lowing clinicians to plan and implement an appropriate treatment strategy that 
minimizes the duration of treatment and degree of invasiveness to the extent pos-
sible. 

The strength of this study is that, to the best of our knowledge, this is the first 
report to show that the amount of drainage for empyema can be a factor in deter-
mining whether surgery is indicated. Secondly, it is possible to determine whether 
surgery is indicated at an early stage, on the first day of drainage, which could 
contribute to shortening the treatment period and hospital stay. Finally, in con-
trast to the guideline that determines the stage of empyema and the indication for 
surgery based on intrapleural characteristics, it is possible to determine the indi-
cation for surgery based on an objective indicator: the drainage volume. However, 
its limitations include its retrospective nature, small sample size, and the use of 
only univariate analysis. As more cases are accumulated, multivariate analysis could 
provide stronger evidence. Furthermore, we believe that conducting a prospective 
study using the DV1st and DV1st/BW cutoff values obtained in this study will 
further contribute to the development of evidence. 

5. Conclusion 

Drainage volume in empyema may be a useful factor in determining the indication 
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for surgery. 
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