
 
Note: The publisher is not responsible for the content or functionality of any supporting information supplied by the authors. Any queries 
should be directed to the corresponding author for the article. 
 
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or 
those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its 
manufacturer is not guaranteed or endorsed by the publisher. 

 

            
 
   Monaldi Archives for Chest Disease 
 
 
 
 
 
 
 
 
eISSN 2532-5264      https://www.monaldi-archives.org/ 
 
 
 
Publisher's Disclaimer. E-publishing ahead of print is increasingly important for the rapid 
dissemination of science. The Early Access service lets users access peer-reviewed 
articles well before print / regular issue publication, significantly reducing the time it 
takes for critical findings to reach the research community.  
These articles are searchable and citable by their DOI (Digital Object Identifier). 
 
The Monaldi Archives for Chest Disease is, therefore, e-publishing PDF files of an early 
version of manuscripts that have undergone a regular peer review and have been 
accepted for publication, but have not been through the typesetting, pagination and 
proofreading processes, which may lead to differences between this version and the final 
one.  
The final version of the manuscript will then appear in a regular issue of the journal. 
 
E-publishing of this PDF file has been approved by the authors.  
 
All legal disclaimers applicable to the journal apply to this production process as well. 
 
 
Monaldi Arch Chest Dis 2023 [Online ahead of print]  
 

To cite this Article: 
Rajvanshi N, Kumar P, Goyal JP. Utility of systemic immune-inflammation Index as a 
serum biomarker to differentiate between complicated and simple para-pneumonic 
effusion. Monaldi Arch Chest Dis doi: 10.4081/monaldi.2023.2652 
 
 
           ©The Author(s), 2023 

Licensee PAGEPress, Italy 

https://www.monaldi-archives.org/
https://www.monaldi-archives.org/
https://www.pagepress.org/site


Utility of systemic immune-inflammation Index as a serum biomarker to differentiate 

between complicated and simple para-pneumonic effusion 

 

Nikhil Rajvanshi, Prawin Kumar, Jagdish Prasad Goyal 

 

Department of Pediatrics, All India Institute of Medical Sciences, Jodhpur, Rajasthan, India 

 

Corresponding Author: Dr. Jagdish Prasad Goya, Additional Professor, Department of 

Pediatrics, All India Institute of Medical Sciences, Room No. 281, 2nd Floor, Admin Block, 

Jodhpur, Rajasthan, India. E- mail: jpgoyal@rediffmail.com; goyaljp@aiimsjodhpur.edu.in 

 

Contributions: NR collected the data and wrote the initial draft of the manuscript. PK analyzed 

and validated the data. JPG edited and reviewed the final manuscript.  All the authors have read 

and approved the final version of the manuscript and agreed to be accountable for all aspects 

of the work.  

Conflict of interest: The authors declare that there is no conflict of interest. 

Availability of data and materials: The datasets used and/or analyzed during the current study 

are available from the corresponding author on reasonable request 

Ethics approval and consent to participate: The study protocol was approved by the 

Ethical Review Committee of the All India Institute of Medical Sciences, Jodhpur No 

AIIMS/IEC/2019/1766. 

Informed consent: The manuscript does not contain any individual person’s data in any 

form. 

 

Abstract 

The systemic immune-inflammation index (SII) is a novel inflammatory biomarker. Simple 

and complicated para-pneumonic effusion (PPE) are two significant complications of 

pneumonia. We evaluated the efficacy of the systemic immune inflammation index (SII) to 

differentiate between the two. Records of all children up to 18 years of age admitted between 

April 2019 and September 2022 and diagnosed with Simple or complicated PPE were 

retrospectively evaluated. SII and other biomarkers were compared between both groups. ROC 

with the Youden index was used to estimate the discriminative value of SII. Fifty children were 

enrolled with a median (IQR) age of 81.5 (36.7, 133.5) months; 31 (62%) were male. Thirty-

one (62%) had complicated PPE, and 19 (38%) had simple PPE. SII was significantly higher 
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in complicated PPE (p=0.007). Good areas under the curve (AUCs) were found for CRP 

(0.771) and SII (0.736) to differentiate complicated from simple PPE. The best cut-off value 

for SII to differentiate complicated PPE from simple PPE was 1557×103µL, with a sensitivity 

of 82.4% and specificity of 57.6%. SII can be used as a screening tool to differentiate between 

complicated and simple PPE at the time of presentation. 
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Introduction 

Pneumonia is a significant cause of morbidity and mortality in children. It contributed to 14% 

of all under-5-year-old mortality in 2019 [1]. It is even significantly higher in complicated 

pneumonia and is one of the most common reasons for hospitalization. The most common 

complications include simple parapneumonic effusion (PPE) and complicated PPE, which may 

further progress to empyema [2]. PPE has been reported in up to 20-40% of cases and empyema 

in 2-12% of patients with pneumonia [3,4]. Early differentiation between simple and 

complicated PPE is very crucial. Morbidity and mortality are significantly higher in 

complicated PPE if not treated timely. Intercostal drainage (ICD) and fibrinolytic are mainly 

required for complicated PPE, whereas simple PPE can be managed conservatively [5]. 

Radio imaging and pleural tap facilities for differentiating simple and complicated PPE are not 

widely available in developing countries. There is a need for a simple and less invasive 

modality to determine the same for time management. It can facilitate early intervention in the 

emergency department for complicated PPE. Acute phase reactants have been used to assess 

severity, predict outcomes in community-acquired pneumonia (CAP), and differentiate 

complicated and simple PPE [6,7]. The systemic immune inflammation index (SII) is a novel 

serum biomarker derived from the neutrophil count, platelets, and lymphocyte count [8]. 

Increased pleural fluid production occurs due to dysregulated inflammatory process secondary 

to pneumonia. The proliferation of microorganisms due to poor host immune response results 

in the invasion of bacteria into the pleural fluid, leading to complicated PPE [9]. As SII is a  

marker of weak immune response and elevated inflammatory status in the host, it is a potential 

biomarker to differentiate complicated and uncomplicated PPE [8]. SII has recently been used 

for prognostication and predicting mortality in various other diseases associated with 

dysregulated inflammatory and immune responses, like COVID-19 infection in hemodialysis 

patients, bell's palsy, cardiovascular diseases, etc. [10]. This study aimed to determine the 

effectiveness of the SII in differentiating between simple and complicated PPE.  



 

Materials and Methods 

We reviewed the medical case records of all admitted children diagnosed with complicated or 

simple PPE up to 18 between April 2019 and September 2022 after the institution's ethical 

clearance (IEC/2019/844) from a single tertiary care center. Children with underlying chronic 

illnesses like congenital lung malformation, immunodeficiency, chronic renal or liver diseases, 

etc, were excluded. Simple versus complicated PPE diagnosis was based on ultrasound thorax 

and/ or pleural fluid analysis. Complicated PPE was diagnosed by demonstration of frank pus 

(empyema) or microorganism in gram stain or bacterial growth in pleural fluid culture or 

ultrasound findings suggestive of echogenic material in the pleural cavity, septations or 

loculations or thick pleural peel [2,9,11]. Pleural collections without any of these findings were 

considered simple PPE. Demographic details, clinical features, investigations, length of 

hospital stay, and treatment details were recorded in predesigned proforma.  

Serum biomarkers done at the time of presentation included total white blood cells (WBC), 

absolute neutrophil count (ANC), absolute lymphocyte count (ALC), absolute monocyte count 

(AMC), platelets (PLT), neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), 

lymphocyte-monocyte ratio (LMR), inflammatory markers including c-reactive protein (CRP), 

procalcitonin (PCT) and erythrocyte sedimentation rate (ESR). SII was calculated from the 

neutrophil count, platelets, and lymphocyte count (platelet×neutrophil/lymphocyte count). The 

treatment protocol consisted of symptomatic and supportive treatment, intravenous antibiotics, 

intercostal chest tube drainage, and fibrinolytic in cases of complicated PPE. Video-assisted 

thoracoscopic surgery (VATS) was done if the patient did not respond to medical treatment.  

Continuous data were expressed as median (IQR), and categorical variables were expressed as 

numbers (n) with percentages. For comparing categorical and continuous data, chi-square and 

independent student t-tests were used, respectively. The receiver operating characteristics 

(ROC) curve with the Youden index was derived to determine the optimal cut-off values of 

various indices to differentiate complicated and simple PPE. A p-value of less than 0.05 was 

considered significant.  

 

Results  

Fifty children (33 boys; 17 girls) were included. Thirty-one (62%) had complicated PPE, and 

19 (38%) had simple PPE. Median (IQR) age was 81.5 (36.7, 133.5) months. Completed 

hemogram, CRP, and Ultrasound thorax were done in all the patients. Pleural fluid analysis 

was done in 32 (64%) children. PCT was done in 34 children (complicated PPE: 24 and simple 



PPE: 10), and ESR was available for 26 children (complicated PPE:18 and simple PPE:8). ICD 

tube was inserted in 28 (90%) out of 31 children with complicated PPE, and all cases of simple 

pleural effusion were managed conservatively. Intrapleural fibrinolysis with urokinase was 

done in 14 (45%) children with complicated PPE. A total of 6 doses were planned and 

completed in 8 children, whereas 6 out of 14 (42.8%) children developed hemorrhage after 

starting urokinase; hence therapy had to be discontinued. VATS was done in 9 (29%) out of 31 

children with complicated PPE after the failure of medical treatment. Table 1 compares the 

clinical and laboratory findings between the complicated and simple PPE groups. The area 

under the ROC curve (AUC) of serum biomarkers for differentiating complicated from simple 

PPE has been shown in Figure 1. The best cut-off value using Youden's index for SII to 

diagnose complicated PPE was 1557×103/microlitre, with a sensitivity of 82.4% and specificity 

of 57.6% (Table 2).  

 

Discussion 

SII was developed in 2014 by Hu et al. to predict the prognosis of patients with hepatocellular 

carcinoma. The prediction ability of SII was shown to be higher than other inflammatory 

biomarkers [8]. They also found that patients with elevated SII mostly had neutrophilia, 

lymphocytopenia, or thrombocytopenia and hypothesized that it reflects altered immune as 

well as inflammatory responses of the host.  

In this study, SII was significantly higher in the complicated PPE than in the simple PPE group. 

Complications in pneumonia depend on two main factors, i.e., the organism's virulence and the 

host's immune response. SII is a marker of the inflammation and immune response of the host. 

Güneylioğlu et al. also evaluated the efficiency of SII in differentiating empyema from simple 

PPE [4]. They enrolled 59 children, with only 16 children in the empyema group. SII was 

significantly higher in the empyema group (6899.98±6678 vs 1902.73±1588.87; p=0.009). 

Other useful serum biomarkers for the prediction of empyema were LMR, CRP, and ANC, and 

they concluded that SII could be used to predict empyema in children.  

Studies have been done to determine the role of other inflammatory markers in complicated or 

simple PPE with variable findings. WBC, ALC, and LMR were significantly higher in 

complicated PPE compared to simple PPE in one study among 80 adult patients [12]. They 

concluded that LMR could be used for differentiation combined with WBC, ALC, and CRP, 

along with clinical and radiologic findings [12]. In contrast, LMR was significantly lower in 

children with empyema than PPE in the study by Güneylioğlu et al. [4]. In the current study, 

WBC, ALC, and LMR were not significantly different among the groups. In one study, serum 



CRP was higher in children with complicated PPE than in uncomplicated pneumonia (234 

mg/L vs 178 mg/L; p=0.037) [7]. A meta-analysis by Li et al. included 18 studies evaluating 

the role of serum and pleural fluid CRP in differentiating complicated and uncomplicated PPE 

[13]. They concluded that serum CRP could aid in diagnosing PPE with an AUC of 0.79, and 

pleural CRP can predict complicated PPE. Additional biomarkers help further enhance CRP 

assay accuracy and should be interpreted together. CRP also had the highest specificity (78.8%) 

and AUC of 0.77 in the current study (Table 2).  

Similarly, a prospective cohort study was conducted on 477 children, three months to 18 years 

of age, to correlate serum biomarkers with the disease severity of pneumonia. No serum 

biomarker was found to have adequate discriminatory ability for severe disease. However, in 

children with complicated PPE, serum CPR, and PCT had good predictions for sepsis requiring 

inotropes and chest drainage [6]. In our study, ANC, NLR, and CRP were significantly higher 

in the complicated PPE group. These findings correlate with Güneylioğlu et al., where WBC, 

ANC, NLR, PLR, CRP, and ESR were significantly higher in empyema [4]. However, the 

current study did not show elevated WBC, PLR, and ESR values.  

Our study has some limitations. It was a retrospective study; therefore, some data were missing. 

The sample size was small, and only 19 children with simple PPE were enrolled, as children 

with uncomplicated effusion mainly did not require hospitalization. Pleural fluid analysis was 

available for only 64% of children. Furthermore, PCT and ESR were not done for all the 

patients, which may be a potential source of bias in results regarding these markers. 

To conclude, SII can be used as a screening tool to differentiate between complicated and 

simple PPE at the presentation time to start appropriate treatment. SII can be derived from 

hemogram reports and has a potential role in screening these children, especially in settings 

where definitive tests for diagnosing complicated PPE, like bedside imaging or pleural fluid 

analysis, are not widely available. It would be better to consider various inflammatory indices 

together to improve the diagnostic accuracy. More studies with larger sample sizes are required 

to determine the role of SII as a diagnostic and prognostic marker in children with complicated 

PPE. 

 

References 

1. Wolrd Health Organization. Pneumonia in children. Available from: 
https://www.who.int/news-room/fact-sheets/detail/pneumonia 

2. Sahn SA. Diagnosis and management of parapneumonic effusions and empyema. Clin 
Infect Dis 2007;45:1480-6.  



3. Light RW. Parapneumonic effusions and empyema. Proc Am Thorac Soc 2006;3:75-80. 
4. Güneylioğlu MM, Güngör A, Göktuğ A, et al. Evaluation of the efficiency of the systemic 

immune-inflammation index in differentiating parapneumonic effusion from empyema. 
Pediatr Pulmonol 2022;57:1625-30. 

5. Bradley JS, Byington CL, Shah SS, et al. The Management of community-acquired 
pneumonia in infants and children older than 3 months of age: clinical practice guidelines 
by the Pediatric Infectious Diseases Society and the Infectious Diseases Society of 
America. Clin Infect Dis 2011;53:e25-76.  

6. Florin TA, Ambroggio L, Brokamp C, et al. Biomarkers and disease severity in children 
with community-acquired pneumonia. Pediatrics 2020;145:e20193728.  

7. Lahti E, Peltola V, Virkki R, et al. Development of parapneumonic empyema in children. 
Acta Paediatr 2007;96:1686-92. 

8. Hu B, Yang XR, Xu Y, et al. Systemic immune-inflammation index predicts prognosis of 
patients after curative resection for hepatocellular carcinoma. Clin Cancer Res 
2014;20:6212-22.  

9. Calkins CM, St Peter SD, Holcomb GW, III. Empyema. In: L. Spitz and A.G. Coran, 
editors. Operative Pedratic Surgery. Boca Raton: CRC Press; 2022. p. 217-24. 

10. Sevinc C, Demirci R, Timur O. Predicting hospital mortality in COVID-19 hemodialysis 
patients with developed scores. Semin Dial 2021;34347-59. 

11. Patel KM, Ullah K, Patail H, Ahmad S. Ultrasound for pleural disease: Beyond a pocket 
of pleural fluid. Ann Am Thorac Soc 2021;18:749-56. 

12. Saricam M. Efficiency of lymphocyte-to-monocyte ratio in differential diagnosis of 
parapneumonic effusion and thoracic empyema. Surg Infect (Larchmt) 2020;21:891-4. 

13. Li D, Shen Y, Qin J, et al. Diagnostic performance of C-reactive protein for 
parapneumonic pleural effusion: a meta-analysis. Ann Transl Med 2019;7:1.  

 
  



Table 1.Clinical and laboratory findings in children with complicated and simple 
parapneumonic effusion (n=50). 
Characteristics Empyema (n=31) Parapneumonic 

effusion (n=19) 
p 

Clinical characteristics 
Age (months) 
BMI (z score) 
Male 
Fever  
Cough 
Laboratory characteristics 
WBC (x103/µL) 
ANC (x103/µL)  
ALC (x103/µL) 
NLR 
LMR 
Platelets (×103/µL) 
SII (x103/µL) 
CRP (mg/L) 
ESR (mm/h) 
PCT  (mg/dl) 

 
70 (36-134) 

-1.57 (-2.6, -0.88) 
19 (61.2) 
31 (100) 
29 (93.5) 

 
15 (10,26) 
10 (6,21) 

3(2,5) 
4(2,5) 

3(1,4.5) 
399(288,762) 

1761(638,3440) 
171(126,191) 

56(34,81) 
4(0.5,15.7) 

 

 
97 (57-134) 

-1.49 (-2.37,-0.23) 
14 (73.6) 
19 (100) 
16 (84.2) 

 
12 (7,17.5) 
7(2.5,11.5) 

3(2,4) 
2(1,3) 

3(2.5,9) 
275(144,588) 
827(91,1369) 
56(7.7,169) 
69(15,80) 
1(0.0,18.7) 

 
023 
0.55 
0.39 
1.00 
0.33 

 
042 

0.017* 

0.55 
0.017* 

0.52 
0.55 

0.007* 

0.042* 

1.0 
0.25 

 
Values in number (%) or median (IQR). ALC, absolute lymphocyte count; ANC, absolute neutrophil 
count; BMI, body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; LMR, 
lymphocyte-monocyte ratio; NLR, neutrophil-lymphocyte ratio; PPE, parapneumonic effusion; SII, 
serum immune inflammation index; WBC, white blood cell; *p<0.05. 
  



Table 2. Efficacy of serum biomarkers in predicting complicated parapneumonic effusion. 

Parameter AUC n (95% CI) Cut-off value Sensitivity 

(%) 

Specificity 

(%) 

SII, 103/µL 0.736 [0.598-0.874] 1557 82.4 57.6 

CRP, mg/L 0.771[0.620-0.922] 121.5 70.6 78.8 

ANC, 103/µL 0.706 [0.558-0.854] 9.5 76.5 63.6 

NLR 0.693 [0.539-0.846] 2.5 70.6 69.7 

ANC, absoulte neutrophil count; AUC, area under curve; CRP, C-reactive protein; NLR, neutrophil-
lymphocyte ratio; SII, serum immune inflammation index. 
 

 

 

 

 

 

 

 

 

 

 



 
 

Figure 1. ROC curves of serum biomarkers for differentiating complicated and simple para-
pneumonic effusion. 


