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Abstract

BACKGROUND

Pediatric appendicitis is a common cause of abdominal pain in children and is
recognized as a significant surgical emergency. A prompt and accurate diagnosis
is essential to prevent complications such as perforation and peritonitis.

AIM

To investigate the predictive value of the systemic immune-inflammation index
(SII) combined with the pediatric appendicitis score (PAS) for the assessment of
disease severity and surgical outcomes in children aged 5 years and older with
appendicitis.

METHODS

Clinical data of 104 children diagnosed with acute appendicitis were analyzed.
The participants were categorized into the acute appendicitis group and chronic
appendicitis group based on disease presentation and further stratified into the
good prognosis group and poor prognosis group based on prognosis. The SII and
PAS were measured, and a joint model using the combined SII and PAS was
constructed to predict disease severity and surgical outcomes.

RESULTS
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Significant differences were observed in the SII and PAS parameters between the acute appendicitis group and
chronic appendicitis group. Correlation analysis showed associations among the SII, PAS, and disease severity,
with the combined SII and PAS model demonstrating significant predictive value for assessing disease severity
[aera under the curve (AUC) = 0.914] and predicting surgical outcomes (AUC = 0.857) in children aged 5 years and
older with appendicitis.

CONCLUSION

The study findings support the potential of integrating the SII with the PAS for assessing disease severity and
predicting surgical outcomes in pediatric appendicitis, indicating the clinical utility of the combined SII and PAS
model in guiding clinical decision-making and optimizing surgical management strategies for pediatric patients
with appendicitis.

Key Words: Systemic immune-inflammation index; Pediatric appendicitis score; Disease severity; Surgical outcomes; Risk
factor; Logistic regression; Receiver operating characteristic analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study investigates the combined use of the Systemic Immune-inflammation index (SII) and pediatric
appendicitis score (PAS) to predict disease severity and surgical outcomes in children aged 5 years and older with
appendicitis. The results demonstrate significant improvements in clinical decision-making and prognosis assessment.
Integrating SII and PAS provides a comprehensive assessment of the systemic inflammatory response and clinical
symptoms, offering a novel and effective approach to managing pediatric appendicitis.

Citation: Guo LM, Jiang ZH, Liu HZ. Systemic immune-inflammation index combined with pediatric appendicitis score in assessing
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INTRODUCTION

Acute appendicitis is one of the most common pediatric surgical emergencies, with a lifetime risk estimated to be around
7%-8%[1]. It is a significant cause of morbidity and requires a prompt diagnosis and timely surgical intervention to
prevent potential complications such as perforation and peritonitis[2,3]. Children often present with atypical symptoms,
which can pose diagnostic challenges, leading to a high rate of negative appendectomies due to diagnostic uncertainty[4-
6]. Therefore, reliable tools must be developed for accurately assessing disease severity and predicting surgical outcomes
in pediatric patients with appendicitis.

The systemic immune-inflammation index (SII) is a novel biomarker that reflects the balance between the systemic
inflammatory response and the host immune status[7,8]. It is calculated based on the counts of peripheral blood
neutrophils, lymphocytes, and platelets, and it has been shown to have prognostic value in various inflammatory and
neoplastic conditions[9]. Furthermore, the pediatric appendicitis score (PAS) is a widely used clinical scoring system that
incorporates various symptoms, signs, and laboratory findings to aid in the diagnosis of pediatric appendicitis.

In recent years, there has been growing interest in exploring the potential of combining SII with established clinical
scoring systems to improve the precision of evaluating disease severity and predicting outcomes in various medical
conditions[10]. However, the utility of this combined approach in pediatric appendicitis remains relatively unexplored.
Therefore, this study aimed to investigate the predictive value of the SII combined with the PAS for the assessment of
disease severity and surgical outcomes in children aged 5 years and older with appendicitis[11,12].

The assessment of disease severity in pediatric appendicitis is crucial for guiding clinical decision-making, including
the need for surgical intervention and the appropriate timing of surgical management. Several clinical scoring systems,
such as the Alvarado score and the appendicitis inflammatory response (AIR) score, have been developed to assist in the
clinical evaluation of pediatric appendicitis[13-15]. However, these scores have limitations, particularly in cases where
atypical presentations or diagnostic ambiguity are encountered.

The inclusion of the SII in the assessment of disease severity may offer additional insights into the inflammatory and
immune status of pediatric patients with appendicitis[16,17]. Neutrophil, lymphocyte, and platelet counts are routinely
assessed in clinical practice, and their integration into a composite index like the SII provides a comprehensive reflection
of the systemic immune-inflammatory milieu[18]. Furthermore, the incorporation of SII into the assessment of disease
severity may enable a holistic evaluation of the pathophysiological processes underlying pediatric appendicitis,
potentially enhancing the accuracy of predicting outcomes and making clinical decisions.

In addition to assessing disease severity, the prediction of surgical outcomes is a critical aspect of managing pediatric
patients with appendicitis. The identification of patients at high risk of complicated appendicitis or postsurgical compli-
cations is essential for optimizing perioperative care and resource allocation[19,20]. The combined use of SII and PAS may
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offer an improved method for predicting surgical outcomes in this patient population, potentially leading to highly
personalized and precise surgical management strategies.

In conclusion, the investigation of novel biomarkers and their integration with established clinical scoring systems is
promising for enhancing the precision and accuracy of prognostic assessment in pediatric appendicitis. By exploring the
predictive value of the SII combined with the PAS, this study aimed to provide valuable insights into the potential of a
comprehensive and integrated approach to assess disease severity and predict the outcome in children aged 5 years and
older with appendicitis.

MATERIALS AND METHODS

Research object

The study retrospectively analyzed the clinical data of children diagnosed with acute appendicitis admitted to our
hospital from June 2021 to June 2023, totaling 104 cases. The participants were categorized into the acute appendicitis
group (n = 51) and chronic appendicitis group (1 = 53) based on the disease presentation. Furthermore, on the basis of the
prognosis, the participants were divided into the good prognosis group (n = 90) and the poor prognosis group (1 = 14).
This study was approved by the Ethics Committee of Qingdao Women and Children’s Hospital (No. QFELL-Y]-2024-24),
and the Ethics Committee agreed to waive informed consent.

Inclusion and exclusion criteria
Inclusion criteria: Patients who met the diagnostic criteria for appendicitis and had a clear history of right lower
abdominal pain[21], with symptom onset between 4 and 72 h, were included in the study.

Exclusion criteria: Individuals with coagulation disorders, those with mental or cognitive impairments, individuals with
other infectious or immunodeficiency diseases, patients with organ dysfunctions such as cardiac or pulmonary
conditions, those with malignant tumors or other acute abdominal conditions, and individuals who had received other
medical treatments prior to admission were excluded from the study.

Study methods

Grouping method: On the basis of the presence of symptoms of acute appendicitis in the children, they were categorized
into the acute appendicitis group and chronic appendicitis group.

Symptoms of acute appendicitis: The children exhibited migrating right lower abdominal pain, initially presenting in
the upper to mid abdomen or periumbilical region, which later shifted and localized to the right lower abdomen. The
pain was characterized by inaccuracy in localization, continuous nature, and progressive aggravation. Additionally, the
children experienced symptoms of nausea and vomiting, which were attributed to intestinal inflammation. Low-grade
fever, with temperatures between 37.5 °C and 38.5 °C, and high fever for severe cases were also observed.

Measurement of SII: Neutrophil and platelet count: Prior to treatment, fasting venous blood samples of 10 mL were
collected from all participants. The samples were centrifuged at 16600 r/min for 10 minutes (with a centrifugal radius of
12.5 cm), and 1.5 mL of the supernatant was extracted. The patients' neutrophil levels were measured by using a fully
automatic chemiluminescence immunoassay analyzer (Shanghai De Rui Ke Medical Equipment Co., Ltd.), and serum
procalcitonin levels were detected using a double-antibody sandwich chemiluminescent method.

Lymphocyte count: Approximately 5 mL of peripheral venous blood from the patients was collected using a vacuum
collection tube, and anticoagulation was performed with EDTA-K2. The samples were transported and stored at room
temperature. About 20 pL of antibody was added to a Trucount tube, and 50 pL of anticoagulated whole blood was
added using a reverse addition method. The samples were vortex-mixed and then kept in the dark at around 24 °C for 15
minutes. Subsequently, the patients' lymphocytes were analyzed by using a flow cytometer.

SII: The SII was calculated using the following formula: SII = (platelet count x neutrophil count)/lymphocyte count.

Alvarado score

The Alvarado scoring criteria included the following: 1 point for migrating right lower abdominal pain, 1 point for
anorexia, 1 point for nausea or vomiting, 2 points for tenderness in the right lower abdomen, 1 point for rebound
tenderness in the right lower abdomen, 1 point for a temperature > 37.5 °C, and 2 points for a white blood cell count > 10
x 10°/L. The total score was calculated by summing the scores of the aforementioned items, with high scores indicating a
high likelihood of appendicitis. Patients with a score of 0-3 were considered low risk, suggesting an unlikely possibility of
appendicitis. Patients with a score of > 4 were categorized as moderate risk and should undergo further imaging studies
to evaluate the likelihood of appendicitis. Patients with a score of > 7 were deemed high risk, indicating a substantial
likelihood of acute appendicitis.

Acute AIR score

The AIR score criteria included the following: 1 point for vomiting; 1 point for tenderness at McBurney's point; rebound
tenderness or muscle rigidity (mild: 1 point, moderate: 2 points, and severe: 3 points); 1 point for temperature > 38 °C; 1
point for white blood cell count (10°/L), with an additional 2 points if the count is > 15; 1 point for neutrophil ratio (70%-
84%, or 2 points if > 85); and 1 point for C-reactive protein (mg/L; 10-49: 1 point, > 50: 2 points). The total score ranged
from 0 to 12, with high scores indicating severe clinical symptoms in the child.
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Data collection

Clinical and demographic data were collected from medical records, including age, gender, body mass index (BMI),
duration of symptoms, and mode of delivery. Additionally, laboratory values such as neutrophil count, lymphocyte
count, and platelet count, which were used to calculate the SII, were recorded. The PAS, Alvarado score, AIR score, and
imaging findings score were also evaluated for each patient.

Statistical analysis

The data were analyzed using SPSS 25.0 statistical software (SPSS Inc., Chicago, IL, United States). For categorical data, n
(%) was used for representation. The y? test was applied with the basic formula when the sample size was > 40 and the
theoretical frequency T was 2 5, with the test statistic represented by y°. When the sample size was > 40 but the theoretical
frequency 1 < T <5, the ¥* test was adjusted using the correction formula. In cases where the sample size was < 40 or the
theoretical frequency T < 1, statistical analysis was conducted using Fisher's exact probability method. For normally
distributed continuous data, the format (mean + SD) was employed. Non-normally distributed data were analyzed using
Wilcoxon rank-sum test. Statistical significance was set at P < 0.05.

RESULTS

Demographic characteristics

In this study, we evaluated the predictive value of the SII combined with the PAS for the assessment of disease severity
and surgical outcomes in children aged 5 years and older with appendicitis (Table 1). A total of 104 children were
included, with 51 in the acute appendicitis group and 53 in the chronic appendicitis group. The results of our study
revealed no statistically significant differences in demographic characteristics, including age (9.75 + 2.14 years vs 9.48 +
2.05 years; t = 0.654, P = 0.515), gender distribution (male/female, 26/25 vs 29/24; t = 0.034, P = 0.853), and BMI (18.52
3.21 kg/m? vs5 18.76 + 3.45 kg/m? t = 0.367, P = 0.714), between the acute appendicitis and chronic appendicitis groups.
Similarly, the mode of delivery showed no significant difference between the groups (vaginal delivery: 56.86% vs 54.72%;
cesarean section: 43.14% vs 45.28%; t = 0.001, P = 0.982). However, the duration of symptoms was significantly different,
with the acute appendicitis group exhibiting a mean duration of 2.61 + 1.73 days compared to 30.15 + 2.66 days in the
chronic appendicitis group (t = 62.809, P < 0.001). These findings provide important insights into the demographic charac-
teristics of pediatric patients with appendicitis, laying the groundwork for further investigation into the prognostic value
of SII combined with PAS in this population.

Si

The comparison of the SII between the acute appendicitis and chronic appendicitis groups revealed significant differences
in neutrophil count, lymphocyte count, platelet count, and the SII itself (Table 2). The acute appendicitis group exhibited
a higher mean neutrophil count (7.82 + 2.03 x 10°/L) compared to the chronic appendicitis group (6.76 + 1.87 x 10°/L; t =
2.754, P = 0.007). Conversely, the mean lymphocyte count was significantly lower in the acute appendicitis group (2.54 +
0.87 x 10°/L) than in the chronic appendicitis group (3.11 £ 0.92 x 10°/L; t = 3.233, P = 0.002). Additionally, the platelet
count was marginally higher in the acute appendicitis group (290.62 + 45.91 x 10°/L) compared to the chronic
appendicitis group (271.34 + 47.68 x 10°/L; t = 2.101, P = 0.038). The combined SII value was significantly elevated in the
acute appendicitis group (660.41 + 80.34) relative to the chronic appendicitis group (605.27 + 78.25; t = 3.544, P < 0.001).
These findings indicated the potential of the SII as a valuable biomarker for distinguishing between acute and chronic
appendicitis in children aged 5 years and older, highlighting its role in assessing disease severity and guiding clinical
decision-making in pediatric appendicitis.

PAS

The comparison of PAS between the acute appendicitis and chronic appendicitis groups demonstrated significant
differences in Alvarado score, AIR score, imaging findings score, and the overall PAS (Table 3). The Alvarado score was
lower in the acute appendicitis group (7.13 + 1.72) compared to the chronic appendicitis group (7.98 + 1.85; t = 2.427, P =
0.017). Similarly, the AIR score was significantly lower in the acute appendicitis group (5.05 + 2.01) than in the chronic
appendicitis group (5.91 £ 2.15; t = 2.104, P = 0.038). The imaging findings score also showed a significant difference, with
the acute appendicitis group scoring 2.07 + 0.94, whereas the chronic appendicitis group scored 2.65 + 1.01 (t = 3.032, P =
0.003). Overall, the combined PAS was significantly higher in the chronic appendicitis group (17.71 £ 3.59) compared to
the acute appendicitis group (14.32 + 3.45; t = 4.925, P < 0.001). These results highlight the potential of the PAS as a
valuable clinical scoring system for distinguishing between acute and chronic appendicitis in children aged 5 years and
older, underscoring its role in assessing disease severity and guiding clinical decision-making in pediatric appendicitis.

Correlation analysis

The correlation analysis of the SII, PAS, and disease severity in children aged 5 years and older with appendicitis revealed
significant associations (Table 4). The neutrophil count showed a negative correlation with disease severity (r =-0.263, P =
0.007), whereas the lymphocyte count exhibited a positive correlation (r = 0.305, P = 0.002). Additionally, the platelet
count demonstrated a negative correlation with disease severity (r = -0.204, P = 0.038), and the SII displayed a negative
correlation (r = -0.331, P < 0.001). Moreover, the PAS showed a strong positive correlation with disease severity (r = 0.438,
P <0.001). These findings underscore the potential of utilizing the SII and PAS as valuable tools for assessing disease
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Table 1 Comparison of demographic characteristics between acute appendicitis and chronic appendicitis groups

Demographic characteristic Acute appendicitis group (n = 51) Chronic appendicitis group (n = 53) tvalue Pvalue
Age (years) 9.75+2.14 9.48 +2.05 0.654 0.515
Gender (male/female), n (%) 26 (50.98)/25 (49.02) 29 (54.72)/24 (45.28) 0.034 0.853
BMI (kg/mz) 18.52+3.21 18.76 +3.45 0.367 0.714
Duration of symptoms (days) 2.61+1.73 30.15 + 2.66 62.809 <0.001
Mode of delivery, n (%)

Vaginal delivery, r (%) 29 (56.86) 29 (54.72) 0.001 0.982
Cesarean section, 71 (%) 22 (43.14) 24 (45.28)

Table 2 Systemic immune-inflammation index comparison between acute appendicitis and chronic appendicitis groups

Parameter Acute appendicitis group (n = 51) Chronic appendicitis group (n = 53) tvalue  Pvalue
Neutrophil count (x 10°/L) 7.82 +2.03 6.76 £1.87 2.754 0.007
Lymphocyte count (x 10°/L) 2,54 +0.87 3.11+0.92 3.233 0.002
Platelet count (x 10°/L) 290.62 £ 45.91 271.34 +47.68 2101 0.038
Si 660.41 + 80.34 605.27 + 78.25 3.544 <0.001

SII: Systemic immune-inflammation index.

Table 3 Pediatric appendicitis score comparison between acute appendicitis and chronic appendicitis groups

Parameter Acute appendicitis group (n = 51) Chronic appendicitis group (n = 53) tvalue  Pvalue
Alvarado score 713 +1.72 7.98 +1.85 2.427 0.017
AIR score 5.05 +2.01 591 +2.15 2.104 0.038
Imaging findings score 2.07 £0.94 2.65+1.01 3.032 0.003
PAS 14.32 £3.45 17.71 £ 3.59 4.925 <0.001

PAS: Pediatric appendicitis score.

Table 4 Correlation analysis of the systemic immune-inflammation index, pediatric appendicitis score, and disease severity in children

aged 5 years and older with appendicitis

Parameter r R Pvalue
Neutrophil count (x 10°/L) -0.263 0.069 0.007
Lymphocyte count (x 10°/L) 0.305 0.093 0.002
Platelet count (x 10°/L) -0.204 0.041 0.038
SII -0.331 0.11 <0.001
Alvarado score 0.233 0.054 0.017
AIR score 0.204 0.042 0.038
Imaging findings score 0.287 0.082 0.003
PAS 0.438 0.192 <0.001

SII: Systemic immune-inflammation index; PAS: Pediatric appendicitis score.
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severity in children aged 5 years and older with appendicitis, laying the groundwork for further investigation into their
use in evaluating surgical outcomes.

Assessing disease severity

In this study, the SII and PAS were combined to construct a joint model for predicting the condition of children aged 5
years and older with appendicitis (Figure 1A). The results revealed an aera under the curve (AUC) value of 0.914,
indicating that the combined SII and PAS model exhibited significant predictive value for assessing the condition of
children aged 5 years and older with appendicitis.

Predicting surgical outcomes

Finally, in this study, the SII and PAS were combined to construct a joint model for predicting surgical outcomes in
children aged 5 years and older with appendicitis (Figure 1B). The results demonstrated an AUC value of 0.857,
indicating that the combined SII and PAS model holds significant predictive value for assessing the surgical outcomes of
older children with appendicitis. This result suggested the potential utility of the combined SII and PAS model in
effectively predicting surgical outcomes in this patient population.

DISCUSSION

Acute appendicitis is a common pediatric surgical emergency, necessitating timely diagnosis and intervention to prevent
complications such as perforation and peritonitis[22]. However, the atypical presentation of symptoms in children often
poses diagnostic challenges, leading to a high rate of negative appendectomies. The development of reliable tools for
accurately assessing disease severity and predicting surgical outcomes in pediatric appendicitis is crucial for guiding
clinical decision-making[23]. This study's focus on combining the SII with the PAS reflects the growing interest in
integrating novel biomarkers with established clinical scoring systems to enhance the accuracy of evaluating disease
severity and predicting outcomes in various medical conditions.

The analysis of the SII revealed significant differences in neutrophil count, lymphocyte count, platelet count, and the
SII itself between the acute and chronic appendicitis groups. Notably, the SII, which reflects the balance between the
systemic inflammatory response and the host immune status, showed a highly significant difference between the two
groups. These findings suggested the potential utility of the SII as a valuable biomarker for distinguishing between acute
and chronic appendicitis in pediatric patients.

Furthermore, correlation analysis revealed significant associations among the SII, PAS, and disease severity in children
aged 5 years and older with appendicitis. The SII exhibited negative correlations with disease severity, highlighting its
potential as a marker of disease severity, whereas the PAS showed a strong positive correlation with disease severity,
emphasizing its role in assessing the severity of appendicitis in pediatric patients. These findings highlight the value of
integrating the SII with the PAS to provide a comprehensive assessment of disease severity and guide clinical decision-
making in pediatric appendicitis.

The construction of a joint model using the combined SII and PAS for predicting the condition and surgical outcomes
of children aged 5 years and older with appendicitis demonstrated significant predictive value, as evidenced by high
AUC values. The AUC values of 0.914 for assessing disease severity and 0.857 for predicting surgical outcomes indicated
the robust predictive capability of the combined SII and PAS model in this patient population. These findings suggested
the potential clinical utility of this combined approach in enhancing the precision and accuracy of prognostic assessment
in pediatric appendicitis, leading to personalized and precise surgical management strategies.

The integration of the SII with the PAS represents a step forward in the search for reliable tools for assessing disease
severity and predicting surgical outcomes in pediatric appendicitis[24]. By combining a systemic biomarker reflecting the
immune-inflammatory status with an established clinical scoring system, this approach offers a holistic evaluation of the
pathophysiological processes underlying pediatric appendicitis[25,26]. The ability to predict disease severity and surgical
outcomes with high accuracy has potential for optimizing perioperative care and resource allocation, ultimately leading
to improved clinical outcomes in pediatric patients with appendicitis.

By combining the SII, which reflects the systemic immune and inflammatory status, with established clinical scoring
systems such as the PAS, healthcare providers can obtain a comprehensive assessment of the patient's condition[27]. This
integrated approach allows for a multifaceted evaluation that considers the systemic immune response and the clinical
manifestations of the disease, leading to a holistic understanding of disease severity and prognosis. The inclusion of SII in
conjunction with clinical scoring systems enhances the prognostic accuracy by providing additional insights into the
immune and inflammatory status of pediatric patients with appendicitis. Neutrophil, lymphocyte, and platelet counts,
which form the basis of SII calculation, offer valuable information about the systemic inflammatory response and
immune status, thereby contributing to a precise prediction of disease severity and surgical outcomes[28].

The strengths of this study lie in its comprehensive analysis of demographic characteristics, biomarker measurements,
clinical scoring systems, and correlation analysis to evaluate the combined predictive value of the SII and PAS in children
aged 5 years and older with appendicitis. However, certain limitations should be acknowledged. The retrospective nature
of the study and the relatively small sample size may have implications for the generalizability of the findings. Therefore,
large prospective studies are warranted to validate the findings and further elucidate the clinical utility of the combined
SII and PAS approach in pediatric appendicitis.
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Figure 1 Predictive value of the systemic immune-inflammation index combined with the pediatric appendicitis score for assessing
disease severity and predicting surgical outcomes in children aged 5 years and older with appendicitis. A: Assessing disease severity; B:
Predicting surgical outcomes. AUC: Aera under the curve.

CONCLUSION

In conclusion, the findings from this study contribute to the growing body of evidence supporting the potential of
integrating the SII with established clinical scoring systems for assessing disease severity and predicting surgical
outcomes in pediatric appendicitis. The robust predictive capability of the combined SII and PAS model underscores its
clinical utility in guiding clinical decision-making and optimizing surgical management strategies for pediatric patients
with appendicitis.
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