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Background: Systemic Immune-Inflammation Index (SII), known as an easy, economical and useful marker, correlates with the severity of inflammatory response. However, the usefulness of SII in necrotizing enterocolitis (NEC) remains unclear. Therefore, we evaluated the correlation of SII at NEC diagnosis and subsequent surgery.



Methods: Retrospective review of 131 neonates with NEC in a tertiary-level pediatric referral hospital was conducted with assessments of demographic data, general blood examination results at NEC diagnosis, treatment strategies and clinical outcomes. The receiver operating characteristic (ROC) curve determined the optimal cut-off values of SII, platelet-to-lymphocyte ratio (PLR), and neutrophil-to-lymphocyte ratio. Univariate/multivariate logistic regression analysis and ROC curve were conducted to evaluate the predictive significance of SII in identifying the patients who eventually received surgery. Additionally, NEC-related deaths were assessed.



Results: Overall, 49 (37.4%) cases received surgical intervention and mortality was 12.3% (14/131). The area under ROC curve of SII at NEC diagnosis to predict subsequent surgery was 0.833 (optimal cut-off value: 235.85). The SII value in surgical intervention group was significantly higher than that in medical treatment group (332.92 ± 158.52 vs. 158.84 ± 106.82, P < 0.001). Independent influencing factors for surgical NEC were SII (95% confidence interval [CI]: 4.568∼36.449, odds ratio [OR]:12.904, P < 0.001) and PLR (95% CI: 1.071∼7.356, OR:2.807, P = 0.036). SII ≤ 235.85 could identify patients at high risk for surgery, with 87.76% sensitivity, 73.17% specificity, outperformed PLR. Furthermore, mortality was significantly higher in patients with SII ≤ 235.85 than those with SII > 235.85 (20.0% vs. 1.5%, P < 0.001).



Conclusion: SII and PLR at NEC diagnosis were independent influencing factors for subsequent surgery. SII ≤ 235.85 may be a useful predictive marker for the identification of surgical NEC and mortality.
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Introduction

Necrotizing enterocolitis (NEC) is one of the most common and critical neonatal gastrointestinal emergencies with significant morbidity and mortality (1). Over the past several decades, selection of treatment strategies for NEC remains a challenge for pediatric surgeons and neonatologists. When inflammation and intestinal injury are limited, NEC can be treated medically, includes bowel rest and careful use of antibiotics, but surgery is needed if the patient continue to deteriorate after medical treatment or develop bowel perforation (2). Epidemiologic data revealed that about 30% of neonates with NEC may require surgical intervention with an overall case-fatality rate of 15% (3). It is noteworthy that surgical NEC poses potentially devastating condition, e.g., higher mortality than conservative treatment, short bowel syndrome, failure to thrive, and neurodevelopmental impairment (4). Being able to identify surgical NEC early allows the surgeon or neonatologist to optimize referral and treatment strategies, and potentially lead to improve clinical outcomes (5). Furthermore, this is also conducive to fully communicate with family members about the disease, as well as target limited medical resources for those at the highest risk. Nevertheless, few studies have specifically looked at early predictors of surgical NEC. Consequently, simple and effective methods to estimate surgical NEC are currently of interest.

Inflammatory assessment indexes based on blood routine results, as white blood cell count (WBC), neutrophil count (NE), neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), systemic immune-inflammation index (SII), are widely used to assess the severity or clinical outcomes of inflammation related diseases (6–8). As we all know, platelets, neutrophils, and lymphocytes are all involved in the inflammatory response as inflammatory cells, and the composite index SII developed based on them can comprehensively assess the balance between inflammatory and immunological responses (9). The inflammation is closely related to the occurrence and development of tumor (10). Studies have shown that for malignant tumors, included hepatocellular carcinoma (HCC), gastric carcinoma, patients with high preoperative SII value (grouped by the optimal cut-off point) indicates a worse clinical outcome (9, 11). SII can be used as an effective index to assess the degree of inflammation. For example, SII could effectively identify the severity of acute pancreatitis, outperformed NLR and PLR (12). Compared with mild COVID-19 patients, the severe had significantly higher SII value (13). Usually, the increase of SII value often suggests the aggravation of inflammation and poor clinical outcome, with considerable sensitivity and specificity.

The calculation of SII is based on complete blood count technology, with the advantages of low cost, simple measurement, quick results and high repeatability. However, there is a lack of studies on the application of SII in children, especially neonates. NEC is a severe inflammatory intestinal disease associated with the imbalance in the maturation of intestinal innate and adaptive immune defense mechanisms (14, 15). Based on this, we hypothesize that SII might be associated with surgical risk in patients with NEC. The present study investigated the predictive significance of SII for the identification of surgical NEC and NEC-related death.



Materials and methods


Study design and setting

This was a a single institution, retrospective study conducted at the Gastrointestinal Neonatal Surgery Department of Children's Hospital affiliated Chongqing Medical University, a tertiary pediatric hospital and National Children's Medical Center in China, between December 2019 and October 2020. It was performed after the study protocol was approved by the Institutional Research Ethics Board of Children's Hospital affiliated Chongqing Medical University (Date: 09.28.2021/No: 329). This is a teaching and research hospital where medical students and residents collect the clinical data of patients using standardized forms under the supervision of senior pediatricians and professors.



Study population

The clinical data of patients with NEC (Bell's stage ≥ II) admitted to our department during the study period were analyzed retrospectively. The inclusion criteria were: (1) patients were diagnosed with NEC according to the radiological evidence (i.e., pneumatosis intestinalis) and presence of one or more clinical fndings (i.e., abdominal distension, bilious/bloody aspirates, blood per rectum, abdominal tenderness, abdominal wall erythema/discoloration or abdominal mass) (16), and (2) those who had complete medical records and postoperative follow-up data. The exclusion criteria were as follows: (1) patients with digestive system deformity that increase the risk of secondary NEC, like Hirschsprung's disease, (2) those received surgery for intestinal perforation due to meconium-related ileus, (3) those with hematologic diseases, (4) those identified as “spontaneous isolated intestinal perforation” by the operating surgeon and histologically, (5) those with incomplete clinical data.



Surgical intervention

Surgical intervention was defined as performance of exploratory laparotomy or placement of a peritoneal drain. Indications for surgery included evidence of intestinal perforation (free intraperitoneal air on radiological examination) and/or clinical deterioration (increasing abdominal distension, erythema, discoloration and tenderness) despite maximum conservative treatment (16). It is worth noting that the relative surgical indications of NEC are still controversial, such choices were dictated by the clinical judgment of the pediatric surgeon in coordination with neonatologist. According to our clinical practice, some patients did not receive surgical intervention during the acute process of NEC, but needed surgery due to later complications, which actually had a causal relationship (17, 18). So, to improve the clinical practicability, this study also included the patients who received medical treatment for NEC but had surgery for later complications of NEC including persistent intestinal obstruction or stricture during 3-month follow-up period (16).



Data collection

In order to improve the convenience of clinical use, the variables for inclusion were carefully selected to make sure the parsimony of the final models. The data collected for patients included (1) general demographic data: gender, gestational age, birth weight, small for gestational age, pregnancy, Apgar score at 5 min, postmenstrual age at NEC diagnosis, red blood transfusion within 48 h before NEC diagnosis, maternal age and vaginal delivery; (2) general blood examination results measured at the time of or at the earliest time after the diagnosis of NEC (within 12 h): WBC, NE, lymphocyte count (LY), monocyte count (MO), hemoglobin (HB), platelet count (PLT), and C-reactive protein (CRP); (3) treatment strategies: surgical intervention or conservative treatment; (4) clinical outcomes: survival or mortality during hospitalization or within the 3-month follow-up period after discharge. It is common in applied epidemiological and clinical research to convert numerical variables into categorical variables by grouping values into categories (19, 20). So, referring to relevant literatures and considering the clinical practice, we recorded the general demographic data as categorical variables (21–25).



Definitions

The results of general blood examination at NEC diagnosis were collected, and SII, PLR, and NLR were calculated as: SII = PLT (109/L) × NE (109/L) / LY (109/L), PLR = PLT (109/L) / LY (109/L), and NLR = NE (109/L) / LY (109/L) (26). To make the analysis simple and easy to application, the patients were divided into groups according to the optimal cut-off values of SII, PLR and NLR, and the correlations of these indexes with general demographics were analyzed.



Statistical analysis

SPSS 22.0 and GraphPad Prism 8.0 were used for statistical analysis. Categorical data were expressed by n (%), and compared using the Chi-square or Fisher's exact test. Numerical data were tested for normality using Shapiro-Wilk test. Based on whether or not it conforms to normal distribution, numerical variables were expressed as the mean ± standard deviation (SD) or median and interquartile range (IQR) and were compared using Student's t-test or Mann–Whitney U test, as appropriate. We dichotomized numerical variables of SII, PLR, and NLR on threshold calculated based on receiver operating characteristic (ROC) curve and Youden index (Youden index = sensitivity + specificity −1) yielding the best performance of prediction. Variables on univariate analyses with statistical significance (included LY, PLT, CRP, Low-SII, Low-PLR, and Low-NLR) were included in multivariate logistic regression model (forward conditional method) in order to determine risk factors predictive for surgical NEC using odds ratios (OR) with 95% confidence intervals (CI). Moreover, ROC curve analysis was performed to evaluate the predictive abilities of interested factors for surgical NEC and mortality during 3-month follow-up period. Usually, factor with an area under the ROC curve (AUC) above 0.70 was considered to be useful, while an AUC between 0.80 and 0.90 indicated great diagnostic accuracy (27). P < 0.05 was considered statistically significant.




Results


General data

Figure 1 shows a flow diagram for the inclusion and exclusion of patients in this study. The entire number of patients met the inclusion and exclusion criteria during the time frame was 131, including 64 females (48.9%) and 67 males (51.1%), with the mean age at NEC diagnosis of 13.6 days. Among them, 49 cases (37.1%) received surgical intervention within follow-up period, including 41 cases received surgery for primary NEC and 8 cases for later complications, and medical treatment was performed in 82 cases (62.9%). A total of 11 deaths were reported in 49 surgical patients (22.4%), and the overall mortality was 12.3%. 38 patients received staged surgery (early exploratory laparotomy + enterostomy and followed by closure of the enterostomy), and 1 patient underwent unplanned reoperation.


[image: Figure 1]
FIGURE 1
Flow chart of the study population.




Determination for SII, PLR, and NLR

For the comparative results of SII, PLR, and NLR (Figure 2), patients receiving surgical intervention were significantly associated with an decreased SII (mean: 158.84 vs. 332.92, P < 0.001), PLR (median: 31.12 vs. 65.82, P < 0.001), and NLR (median: 0.73 vs. 0.91, P < 0.001). The above numerical variables were dichotomized using ROC curve, which is displayed in Figure 3. The optimal cut-off value was determined based on the maximum combination of sensitivity and specificity (maximum Youden index). This led to the following cut-off values: SII: 235.85, PLR: 50.17, NLR: 1.09. Based on these cut-off values, the patients were divided into Low-SII group (SII ≤ 235.85, n = 65) and High-SII group (SII > 235.85, n = 66), Low-PLR group (PLR ≤ 50.17, n = 65) and High-PLR group (PLR > 50.17, n = 66), and Low-NLR group (NLR ≤ 1.09, n = 95) and High-NLR group (NLR > 1.09, n = 36).


[image: Figure 2]
FIGURE 2
Comparison of (A) SII, (B) PLR and (C) NLR values in different treatment strategies. SII, systemic immune-inflammation index; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio.
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FIGURE 3
Receiver operating characteristic curves were plotted to determine the optimal cut-off value for (A) SII, (B) PLR and (C) NLR. SII, systemic, immune-inflammation index; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio.




Correlations of SII, PLR, and NLR with general demographics of neonates with NEC

The level of SII was not correlated with the general demographics of NEC patients, including gender, gestational age, birth weight, small for gestational age, pregnancy, apgar at 5 min, age at NEC diagnosis, blood transfusion, maternal age, or vaginal delivery (all P > 0.05), and neither did NLR. PLR was associated with pregnancy and Apgar at 5 min (both P < 0.05), but not with gender, gestational age, birth weight, small for gestational age, age at NEC diagnosis, blood transfusion, maternal age, or vaginal delivery (all P > 0.05). The analysis results were shown in Table 1.


TABLE 1 Correlations of SII, PLR, and NLR with general demographics of neonates with NEC.
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Univariate/multivariate regression analyses of patients receiving surgical intervention

The general demographics, general blood examination results of different treatment strategies for NEC are listed in Tables 2,3. No significant differences in gender, gestational age, birth weight, small for gestational age, pregnancy, Apgar score at 5 min, age at NEC diagnosis, blood transfusion, maternal age, vaginal delivery, WBC, NE, MO, and HB between surgical intervention and medical treatment groups (all P > 0.05). Univariate analysis showed LY, PLT, and CRP were the potential influencing for surgical NEC. Furthermore, the surgical intervention rate was remarkably higher in the Low-SII group than in the High-SII group (87.8% vs. 26.8%, P < 0.001), in the Low-PLR group than in the High-PLR group (77.6% vs. 32.9%, P < 0.001), and in the Low-PNI group than in High-NLR group (87.8% vs. 63.4%, P = 0.003). Multivariate regression analysis is conducive to balancing the interactions between variables and comparable so that non-random grouping data can be used to study the relationship between trial factors and dependent variable, and obtain more reliable research results. So, factors with statistical significance (P < 0.05) in the univariate analysis were included in multivariate regression analysis (16). It was found that Low-SII (OR = 12.904, 95% CI: 4.568∼36.449, P < 0.001), and Low-PLR (OR = 2.807, 95% CI: 1.071∼7.356, P = 0.036) were independent risk factors for surgical NEC, whereas NLR was not a independent risk factors (Table 4). In other words, compared with High-SII, patients with Low-SII had a 12.904 times higher chance of receiving surgical intervention. Diagnosis of collinearity for the above two variables was performed, and the variance inflation factor (VIF) and tolerance (TOL) were 1.354 (VIF ≤ 10) and 0.738 (TOL ≥ 0.1), respectively, suggesting that there was no multiple collinearity relationship.


TABLE 2 Univariate analysis of general demographics on different treatment strategies for NEC.
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TABLE 3 Laboratory data comparison between surgical intervention and medical treatment.
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TABLE 4 Multivariate logistic regression analysis for surgical NEC.
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Correlations of low-SII and low-PLR with surgical NEC

Of the 131 patients, 49 (37.4%) cases received surgical intervention. The predictive values of Low-SII and Low-PLR are shown in Figure 4 and Table 5. ROC curve analysis of Low-SII and Low-PLR resulted in AUCs of 0.805 (95% CI: 0.726–0.883, P < 0.001) and 0.723 (95% CI: 0.633–0.814, P < 0.001), respectively. The Low-SII showed a clearly better predictive performance for identifying the patients who received surgical intervention than Low-PLR, with 87.76% sensitivity, 73.17% specificity, 66.15% positive predictive value (PPV) and 90.91% negative predictive value (NPV). It suggested that patients with Low-SII at NEC diagnosis were considered to be more likely to received surgery. To explore whether the combination of Low-SII and Low-PLR had unexpected prediction efficiency for surgical NEC, we referred the Enter method (P = Expi∑BiXi/1 + Exp∑BiXi) to establish prediction model based on the two factors (28). ROC curve (Figure 4) analysis of prediction model resulted in an AUC of 0.838 (95% CI: 0.764–0.897, P < 0.001). The predictive values of prediction model in the sample were 87.76% sensitivity, 73.17% specificity, as did the Low-SII alone.


[image: Figure 4]
FIGURE 4
Predictive assessment of Low-SII, Low-PLR and both for patients receiving surgery with ROC curve analysis. ROC, receiver operating characteristics; AUC, area under the curve; SII, systemic immune-inflammation index; PLR, platelet-to-lymphocyte ratio.



TABLE 5 Predictive value of Low-SII and Low-PLR for surgery.
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Low-SII, low-PLR and surgical intervention provided a reference for clinical outcome of NEC

To provide reference for optimizing the allocation of medical resources and guide parental counselling, Low-SII, Low-PLR and surgical intervention was applied to predict the clinical outcomes of NEC. During hospitalization or within the 3-month follow-up period after discharge, 14 deaths were reported in 131 patients (22.4%). The mortality was remarkably higher in the Low-SII group than in the High-SII group (20.0% vs. 1.5%, P = 0.001, Figure 5A), and in the Low-PLR group than in the High-PLR group (16.9% vs. 4.5%, P < 0.022, Figure 5B). Furthermore, it was distinctly higher in surgical intervention group than in medical treatment group (22.4% vs. 3.7%, P < 0.001, Figure 5C), which indicates that patients with NEC who receive surgery were more likely to have poor clinical outcome, consistent with the findings of other reports. It was found that the AUCs of Low-SII, Low-PLR and surgical intervention were 0.742 (95% CI: 0.630 ∼ 0.854, P = 0.003), 0.662 (95% CI: 0.521 ∼ 0.803, P = 0.048) and 0.730 (95% CI: 0.595∼0.866, P = 0.005), respectively (Figure 6). Compared with Low-PLR and surgical intervention, Low-SII showed higher value in aiding the identification of NEC-related deaths, with a sensitivity of 74.1%, a specificity of 91.7%, a PPV of 61.5%, and an NPV of 93.8% (Table 6). Referring to SII results, we can identify patients with NEC at high risk of poor clinical outcome early.


[image: Figure 5]
FIGURE 5
Predictive analysis of outcome for Low-SII, Low-PLR and surgical intervention. ROC, receiver operating characteristics; AUC, area under the Curve; SII, systemic immune-inflammation index; PLR, platelet-to-lymphocyte ratio.
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FIGURE 6
The number of patients who died and survived in different subgroups.



TABLE 6 Predictive value of Low-SII, Low-PLR and surgical intervention for mortality.
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Discussion

NEC is a common disease in neonates, especially the preterm, which begins abruptly, progresses rapidly, and has high mortality. As we know, surgical NEC has a significantly higher mortality compared to the medical treatment. Given the high mortality of surgical NEC, it is important to identify its early predictors to improve identification of high-risk patients and hence initiate timely treatment. Furthermore, most hospitals are equipped with neonatology department, but neonatal surgery department is relatively rare, especially in developing countries or regions. Early identification of patients at high risk of surgery may improve outcomes by optimizing earlier transfer to surgical centers and earlier surgery, and facilitate the rational allocation of limited medical resources. Therefore, it is necessary to further explore the early predictors for surgical NEC and develop better treatment plans for these patients.

It has recently been shown that the survival rate of premature infants (predominant incidence groups of NEC) has been rising with the development of neonatal intensive care and improvements in obstetrics, which increased the number of neonates with NEC. Studies showed that about 30% of neonates with NEC required surgical intervention, and the main surgical methods include peritoneal drainage and laparotomy (bowel resection with enterostomy formation or primary anastomosis) (3, 29). But the choice for optimal surgical method is still controversial, most surgeons generally accepted that the type of surgery is mainly based on the clinical condition of the patient as well the extent of bowel affected. As the highest mortality among neonates requiring surgery, the overall mortality of neonates with NEC is 15% and up to 34.5% in patients who received surgery, higher than that of patients treated conservatively (30). Our previous study has reported that some patients did not receive surgical intervention during the acute process of NEC, but needed surgery due to the later complications (eg, persistent intestinal obstruction or stricture), which actually had a causal relationship (18). Therefore, we included the patients who received medical treatment for NEC but received surgery for later complications of NEC during 3-month follow-up period. In our study, we found that 37.1% (49 cases) received surgical intervention, of whom 4 received peritoneal drainage and 45 received laparotomy. The overall mortality was 12.3% and 22.4% in patients who received surgery. The relatively high morbidity and low mortality may be attributed to the fact that our hospital is the largest tertiary referral center for children in southwest China, the neonates in this cohort were in relatively seriously condition and the medical technology and care relatively advanced.

Recently, there are various methods used to predict surgical NEC, among which inflammatory markers were more common because inflammatory mediators play a critical role in the occurrence of NEC. Early predictors that have been reported are as follows: C-reactive protein/albumin ratio, serum albumin concentration, interleukin (IL) 6 and coagulation function at NEC diagnosis, trends in C-reactive protein and lactate within 72 h of NEC diagnosis, IL-8 and IL-10 within 72 h of life (infants born less than 1500 g), and hyponatremia and/or the sudden decrease in plasma sodium at the onset of NEC (2, 16, 31–34). However, these methods have at least one of the following deficiencies, which limit clinical use and promotion: lack of enough sensitivity and specificity, expensive, inconvenience. As we previously reported, coagulopathy at NEC diagnosis can be used as a predictor of surgical NEC, but coagulation assessments has not been part of the routine NEC surveillance protocol at most department (16). So, the ideal early predictor should be simple, convenient, easily obtained, cheap, and non-invasive, which SII just meets.

In the study, we established an immune-inflammation-based prognostic index (SII) based on NE, LY, and PLT demonstrated that Low-SII was correlated with surgical NEC and poor clinical outcome. Regarding prediction, Low-SII at NEC diagnosis exhibited a high degree of discrimination (AUC: 0.805) for surgical NEC, outperformed Low-PLR (AUC: 0.723), with a desirable sensitivity of 87.76% and a high NPV of 90.91%. It suggested that patients with Low-SII were considered to be more likely to received surgery. It is well known that patients with NEC who receive surgery have a worse outcome than those who are treated conservatively (5, 17), as also shown in this study. Furthermore, Low-SII could identify patients at high risk of NEC-related deaths, with a high specificity of 91.7% and a NPV of 93.8%, better than variables of Low-PLR and surgical intervention. So, these findings support our hypothesis that Low-SII could be an early predictor for surgical NEC and poor clinical outcome.

SII, known as immune cells involved in inflammatory responses, is a inflammatory markers based on NE, LY, and PLT. It has been considered as a better index to reflect the local immune response and systemic inflammation. SII was first described as predictor for the prognosis of hepatocellular carcinoma (9), but it has been recently applied in inflammation-linked diseases such as acute pancreatitis and COVID-19 (12, 13). During systemic inflammation, thrombocytosis and neutrophilia are considered responses to systemic inflammation, and lymphopenia predicts cellular immune injury. Under inflammatory conditions, platelets are activated and producing large amounts of cytokines and chemokines, which promotes promoting activation of neutrophils (12). Neutrophils are the first inflammatory cells recruited to the inflammatory area, releasing proteolytic enzymes and producing reactive oxygen species for phagocytosis or bactericidal effects. At the same time, the released inflammatory mediators will damage vascular endothelial cells, which forms a vicious circle with platelet activation. Excessive stimulation of neutrophils can lead to the inflammatory cascade, ultimately triggering systemic inflammatory response syndrome. Furthermore, the abnormal stimulation will inhibit the activity of lymphocytes, resulting in decreased immune function (35). Therefore, almost all studies revealed that the increased SII value means more severe inflammatory response and higher risk of poor clinical outcome.

Interestingly, our results showed that Low-SII were associated with the higher possibility of receiving surgery and getting poor clinical outcome, different from the previous studies findings. This difference may be attributed to the different selection of study population, as this study included neonates, the majority of whom were born prematurely. The pathogenesis of NEC is complex and not well-understood, but immature intestinal host defenses are thought to play a major role in its pathogenesis. These immature defenses, included intestinal barrier function, intestinal regulation of microbial colonization, regulation of intestinal circulation, and intestinal innate and adaptive immunity, can be reflected by hematological abnormalities (14, 15).

Usually, routine inflammatory indexes such as CRP, PCT and WBC can comprehensively judge the severity of NEC. However, it is worth noting that CRP rises relatively late in the inflammatory response (between 12 and 24 h) peaking at 48 h. Serial measurements of CRP can be more help guide the clinician judge the severity of NEC and response to treatment (36). PCT was not a routine test (like general blood measurements) for neonates at high risk for NEC. Not all patients received PCT assessment at NEC diagnosis, and we did not included this marker. In our study, the difference in WBC at NEC diagnosis between surgical intervention and medical treatment groups was not statistically significant (P = 0.164). These indexes at NEC diagnosis were of limited value in predicting whether to receive subsequent surgical treatment. Therefore, the analysis results showed that CRP and WBC were not independent risk factors for surgical NEC, while SII index was and had considerable predictive value.

The SII value is determined by the comprehensive changes of NE, LY and PLT. In this study, patients receiving surgical intervention had lower NE (mean: 5.44 vs. 5.49, P = 0.921) and PLT (median: 171.0 vs. 328.0, P < 0.001), and higher LY (mean: 7.48 vs. 5.89, P = 0.016) than patients treated conservatively, which resulted in the lower calculated SII value in patient who received surgery. Neutrophils are crucial in removing pathogens, and the increased NE comprise an appropriate inflammatory response in patients with mild-moderately severe disease. However, in neonates, especially the preterm, NE is usually decreased in response to severe inflammatory stimulation due to the immaturity of immune mechanisms (37). The pathogenesis of NEC is accompanied by the disruption of intestinal mucosal barrier, resulting in the entry of toxins secreted by intestinal bacteria (the dominant Gram-negative bacterial phylum) into the bloodstream and inhibits neutrophils production from the bone marrow. Furthermore, The circulating neutrophil pool is depleted by migration to the intestine and peritoneum, and increased microvascular margins may be responsible for neutropenia (38). Neutropenia has been reported to be associated with severe NEC and poor clinical outcome (39). Lymphocytes, which play a key role in adaptive immunity, are derived from bone marrow haematopoietic stem cells and can be broadly classified as T-cells, B-cells and NK-cells. Although the role of lymphocytes in NEC remains unclear, but an overall paucity of T-cells and B-cells has been reported in surgically resected bowel affected by NEC and in murine models of NEC-like injury (38). Mu et al. reported that LY (tested within 1 week before NEC diagnosis) decreased due to the migration of activated lymphocytes to inflamed tissues and increased apoptosis of lymphocytes (38). However, no studies have reported the correlations of LY tested at NEC diagnosis with subsequent surgery and clinical outcomes. Platelets are generally considered cellular mediators of thrombosis, but also essential components of the immune system and play a direct role in regulating and inducing tissue damage and pathogen responses. Previous studies showed that the severity of thrombocytopenia correlates with the severity of inflammation in NEC, and can be a sensitive (although not specific) predictor of clinical outcomes or the need for surgical intervention (38). This study not only described the differences of NE, LY, and PLT at NEC diagnosis between the surgical and conservative groups, but also combined the three to calculate SII value for better application in clinical practice. To our knowledge, we are the first to indicate that SII has two uses, including differentiating surgical NEC and predicting clinical outcomes.



Limitation

However, there are some limitations to this study. Firstly, inherent biases were inevitable given the retrospective nature and relatively small cohort of this single-center study. In addition, selection bias and confounding bias were inevitable since we included the neonates with relatively seriously condition in this cohort. Third, SII was calculated based on the blood routine examinations acquired within 12 h after diagnosis of NEC, which cannot comprehensively consider the influence of gestational age or postmenstrual age at NEC diagnosis on the normal range of NE, PLT, and LY. Therefore, it is still necessary and valuable to conduct a prospective multi-center study with a larger cohort to validate the preliminary results of these findings. In the future, as the research deepens, the monitoring of SII in neonates at high risk of NEC can provide effective references for formulating individualized treatment plans and evaluating clinical outcomes.



Conclusion

To the best of our knowledge, this is the first study investigating the clinical application of SII in the neonatal population and yielded interesting results. Although retrospective design was adopted, to provide a degree of theoretical basis for the later prospective study. Our observations showed that Low-SII (SII ≤ 235.85) at NEC diagnosis has reasonably good predictive ability for surgical intervention in neonates with NEC, outperformed Low-PLR (PLR ≤ 50.17). This finding may allows the surgeon or neonatologist to optimize referral and treatment strategies, facilitate the rational allocation of limited medical resources. The study also demonstrated the predicative ability of Low-SII for mortality, outperformed Low-PLR and surgical intervention, and provided reference for parental counselling when discussing the clinical outcomes in NEC cases. In brief, SII is very attractive as monitoring tool in neonates at high risk of NEC because it is easily accessible and can be processed in a standardized fashion requiring only small blood volumes.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



Ethics Statement

All procedures performed in this study involving human participants were in accordance with the relevant guidelines and regulations approved by the Institutional Research Ethics Board of Children's Hospital of Chongqing Medical University (Date: 09.28.2021/No: 329) and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.



Author contributions

WF and HJ analysed and collected the data. WF, CX, XD, JS and ZG drafted the manuscript. WF and YW critically reviewed the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by Science and Technology Project (No. CSTC2020jcyj-msxm-X0249) and Science and Health Joint Medical Scientific Research Project of Chongqing (No. 2019ZDXM021).



Acknowledgments

The authors want to thank the nurses and medical officers of Gastrointestinal Neonatal Surgery Department of Children's Hospital affiliated Chongqing Medical University for their support.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

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.



References

1. Patel RM, Kandefer S, Walsh MC, Bell EF, Carlo WA, Laptook AR, et al. Causes and timing of death in extremely premature infants from 2000 through 2011. N Engl J Med. (2015) 372:331–40. doi: 10.1056/NEJMoa1403489

2. Palleri E, Frimmel V, Fläring U, Bartocci M, Wester T. Hyponatremia at the onset of necrotizing enterocolitis is associated with intestinal surgery and higher mortality. Eur J Pediatr. (2022) 181:1557–65. doi: 10.1007/s00431-021-04339-x

3. Holman RC, Stoll BJ, Curns AT, Yorita KL, Steiner CA, Schonberger LB. Necrotising enterocolitis hospitalisations among neonates in the United States. Paediatr Perinat Epidemiol. (2006) 20:498–506. doi: 10.1111/j.1365-3016.2006.00756.x

4. Neu J. Necrotizing enterocolitis: the future. Neonatology. (2020) 117:240–4.doi: 10.1159/000506866

5. Robinson JR, Rellinger EJ, Hatch LD, Weitkamp JH, Speck KE, Danko M, et al. Surgical necrotizing enterocolitis. Semin Perinatol. (2017) 41:70–9. doi: 10.1053/j.semperi.2016.09.020

6. Fox P, Hudson M, Brown C, Lord S, Gebski V, De Souza P, et al. Markers of systemic inflammation predict survival in patients with advanced renal cell cancer. Br J Cancer. (2013) 109:147–53. doi: 10.1038/bjc.2013.300

7. Gungor H, Babu AS, Zencir C, Akpek M, Selvi M, Erkan MH, et al. Association of preoperative platelet-to-lymphocyte ratio with atrial fibrillation after coronary artery bypass graft surgery. Med Princ Pract. (2017) 26:164–8. doi: 10.1159/000453614

8. Jia L, Cui S, Yang J, Jia Q, Hao L, Jia R, et al. Red blood cell distribution width predicts long-term mortality in critically ill patients with acute kidney injury: a retrospective database study. Sci Rep. (2020) 10:4563. doi: 10.1038/s41598-020-61516-y

9. Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, et al. Systemic immune-inflammation index predicts prognosis of patients after curative resection for hepatocellular carcinoma. Clin Cancer Res. (2014) 20:6212–22. doi: 10.1158/1078-0432

10. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature. (2008) 454:436–44. doi: 10.1038/nature07205

11. Yekedüz E, Dogan İ, Kaya DM, Özgür İ, Utkan G, Vatansever S, et al. Systemic immune-inflammation Index as a prognostic marker of late recurrence in operable gastric cancer: a dual-center study. J Gastrointest Cancer. (2021). doi: 10.1007/s12029-021-00769-w

12. Liu X, Guan G, Cui X, Liu Y, Liu Y, Luo F. Systemic immune-inflammation index (SII) can be an early indicator for predicting the severity of acute pancreatitis: a retrospective study. Int J Gen Med (2021) 14:9483–9. doi: 10.2147/IJGM.S343110

13. Xia W, Tan Y, Hu S, Li C, Jiang T. Predictive value of systemic immune-inflammation index and neutrophil-to-lymphocyte ratio in patients with severe COVID-19. Clin Appl Thromb Hemost. (2022) 28:1309674401. doi: 10.1177/10760296221111391

14. Tanner SM, Berryhill TF, Ellenburg JL, Jilling T, Cleveland DS, Lorenz RG, et al. Pathogenesis of necrotizing enterocolitis: modeling the innate immune response. Am J Pathol. (2015) 185:4–16. doi: 10.1016/j.ajpath.2014.08.028

15. Denning TL, Bhatia AM, Kane AF, Patel RM, Denning PW. Pathogenesis of NEC: role of the innate and adaptive immune response. Semin Perinatol. (2017) 41:15–28. doi: 10.1053/j.semperi.2016.09.014

16. Feng W, Hou J, Die X, Sun J, Guo Z, Liu W, et al. Application of coagulation parameters at the time of necrotizing enterocolitis diagnosis in surgical intervention and prognosis. BMC Pediatr. (2022) 22:259. doi: 10.1186/s12887-022-03333-y

17. Bethell GS, Knight M, Hall NJ. Surgical necrotizing enterocolitis: association between surgical indication, timing, and outcomes. J Pediatr Surg. (2021) 56:1785–90. doi: 10.1016/j.jpedsurg.2021.04.028

18. Liu W, Wang Y, Zhu J, Zhang C, Liu G, Wang X, et al. Clinical features and management of post-necrotizing enterocolitis strictures in infants: a multicentre retrospective study. Medicine (Baltimore). (2020) 99:e20209. doi: 10.1097/MD.0000000000020209

19. Thoresen M. Spurious interaction as a result of categorization. BMC Med Res Methodol. (2019) 19:28. doi: 10.1186/s12874-019-0667-2

20. Altman DG, Royston P. The cost of dichotomising continuous variables. Br Med J. (2006) 332:1080. doi: 10.1136/bmj.332.7549.1080

21. Lin X, Zeng HP, Fang YF, Lin YY, Yang CY. Predictive indicators for necrotizing enterocolitis with the presence of portal venous gas and outcomes of surgical interventions. Front Pediatr. (2021) 9:683510. doi: 10.3389/fped.2021.683510

22. Seeman SM, Mehal JM, Haberling DL, Holman RC, Stoll BJ. Infant and maternal risk factors related to necrotising enterocolitis-associated infant death in the United States. Acta Paediatr. (2016) 105:e240–6. doi: 10.1111/apa.13390

23. Loke AY, Poon CF. The health concerns and behaviours of primigravida: comparing advanced age pregnant women with their younger counterparts. J Clin Nurs. (2011) 20:1141–50. doi: 10.1111/j.1365-2702.2010.03433.x

24. Yee WH, Soraisham AS, Shah VS, Aziz K, Yoon W, Lee SK, et al. Incidence and timing of presentation of necrotizing enterocolitis in preterm infants. Pediatrics. (2012) 129:e298–304. doi: 10.1542/peds.2011-2022

25. Natarajan G, Shankaran S. Short- and long-term outcomes of moderate and late preterm infants. Am J Perinatol. (2016) 33:305–17. doi: 10.1055/s-0035-1571150

26. Xu Z, Chen X, Yuan J, Wang C, An J, Ma X. Correlations of preoperative systematic immuno-inflammatory index and prognostic nutrition index with a prognosis of patients after radical gastric cancer surgery. Surgery. (2022) 172:150–9. doi: 10.1016/j.surg.2022.01.006

27. Giannini EG, Zaman A, Kreil A, Floreani A, Dulbecco P, Testa E, et al. Platelet count/spleen diameter ratio for the noninvasive diagnosis of esophageal varices: results of a multicenter, prospective, validation study. Am J Gastroenterol. (2006) 101:2511–9. doi: 10.1111/j.1572-0241.2006.00874.x

28. Meurer WJ, Tolles J. Logistic regression diagnostics: understanding how well a model predicts outcomes. JAMA. (2017) 317:1068–9. doi: 10.1001/jama.2016.20441

29. Thakkar HS, Lakhoo K. The surgical management of necrotising enterocolitis (NEC). Early Hum Dev. (2016) 97:25–8. doi: 10.1016/j.earlhumdev.2016.03.002

30. Jones IH, Hall NJ. Contemporary outcomes for infants with necrotizing enterocolitis-A systematic review. J Pediatr. (2020) 220:86–92. doi: 10.1016/j.jpeds.2019.11.011

31. Srinivasjois R, Nathan E, Doherty D, Patole S. Prediction of progression of definite necrotising enterocolitis to need for surgery or death in preterm neonates. J Matern Fetal Neonatal Med. (2010) 23:695–700. doi: 10.3109/14767050903551467

32. Sharif SP, Friedmacher F, Amin A, Zaki RA, Hird MF, Khashu M, et al. Low serum albumin concentration predicts the need for surgical intervention in neonates with necrotizing enterocolitis. J Pediatr Surg. (2020) 55:2625–9. doi: 10.1016/j.jpedsurg.2020.07.003

33. Mohd Amin AT, Zaki RA, Friedmacher F, Sharif SP. C-reactive protein/albumin ratio is a prognostic indicator for predicting surgical intervention and mortality in neonates with necrotizing enterocolitis. Pediatr Surg Int. (2021) 37:881–6. doi: 10.1007/s00383-021-04879-1

34. Wisgrill L, Weinhandl A, Unterasinger L, Amann G, Oehler R, Metzelder ML, et al. Interleukin-6 serum levels predict surgical intervention in infants with necrotizing enterocolitis. J Pediatr Surg. (2019) 54:449–54. doi: 10.1016/j.jpedsurg.2018.08.003

35. Horiguchi H, Loftus TJ, Hawkins RB, Raymond SL, Stortz JA, Hollen MK, et al. Innate immunity in the persistent inflammation, immunosuppression, and catabolism syndrome and its implications for therapy. Front Immunol. (2018) 9:595. doi: 10.3389/fimmu.2018.00595

36. Gilfillan M, Bhandari V. Biomarkers for the diagnosis of neonatal sepsis and necrotizing enterocolitis: clinical practice guidelines. Early Hum Dev. (2017) 105:25–33. doi: 10.1016/j.earlhumdev.2016.12.002

37. Chaaban H, Burge K, Eckert J, Keshari RS, Silasi R, Lupu C, et al. Neutrophil extracellular trap inhibition increases inflammation, bacteraemia and mortality in murine necrotizing enterocolitis. J Cell Mol Med. (2021) 25:10814–24. doi: 10.1111/jcmm.15338

38. Maheshwari A. Immunologic and hematological abnormalities in necrotizing enterocolitis. Clin Perinatol. (2015) 42:567–85. doi: 10.1016/j.clp.2015.04.014

39. Mu Y, Wang H. Association of neutrophil to lymphocyte ratio with preterm necrotizing enterocolitis: a retrospective case-control study. BMC Gastroenterol. (2022) 22:248. doi: 10.1186/s12876-022-02329-3



OPS/images/fped-10-1044449-t002.jpg
Overall  Sargical  Medical P
(N=131) intervention treatment value
(N=49)  (N=82)

Gender (n/%)* 0588
Male 67 (511)  22(449) 42 (512)

Female 64(489) 27 (551) 40 (48.8)

Gestational age (weeks, n/%)" 0.167
<28 861 50102 3G9
28~<32 34(260)  14(286) 20 24.4)
32~<34 30 (229) 60122 24(293)
34~<37 42(321)  17(347)  25(305)

237 17(130)  7(143) 10 (122)

Birth weight (grams, /%) 0.348
<1000 3(99)  8(163) 6(7.3)
1000~<1500 31237 12245 1820
1500~<2500 66 (504) 21 (429) 45 (54.9)

22500 21(160)  8(163) 13 (159)

Small for gestational age (/%)" 0.360
Yes 24(183)  11(224) 13 (159)

No 107 38(77.6) 69 (84.1)
(817)

Pregnancy (n/%)" 0.133

Single 101 34(694) 67 (81.7)
77.1)
Multiple 30 (229) 15(306)  15(183)

Apgar score at 5 min (n/%)* 0.188
<7 27 (206)  7(143) 20 (244)

27 104 42(857)  62(756)
(79.4)

Postmenstrual age at NEC 0251
diagnosis (days, n/%)*
<7 140107)  8(163)  6(73)
>7~14 66 (504)  22(449) 44 (537)
>14 51(389) 19(388) 32 (39.0)

Blood transfusion (n/%)" 0176
Yes 41(313)  19(388)  22(268)

No 9 (67.7) 30 (612) 60 (73.2)

Maternal age (/%) 0.617
<35 111 43 (87.8) 68 (82.9)

(84.7)
235 20(153)  6(122) 14 (17.1)

Vaginal delivery (n/%)* 0.465
Yes 51(389) 17(347) 34 (41.5)

No 80 (611)  32(653) 48 (58.5)

aChi-square test.





OPS/images/fped-10-1044449-t001.jpg
High-511 Low-5I1 P value High-PLR Low-PLR P value High-NLR Low-NLR P value

Case (n) 66 65 6 65 36 95

Gender (n/%)* 0.602 0728 1.000
Male 34(515) 30 (462) 31 (47.0) 33 (508) 18 (50.0) 46 (48.4)

Female 32(485)  35(538) 35 (53.0) 32 (492) 18 (500) 49 (51.6)

Gestational age (weeks, n/%)" 0277 0179 0529
<28 2(30) 6(92) 3(45) 5(7.7) 2(56) 6(63)
28~<32 16(242) 18 (27.7) 16 (242) 18 (27.7) 12 (333) 22232
32~<34 18(273)  12(185) 21 (31.8) 9(138) 10 (27.8) 20 211
34~<37 19 (28.8) 23 (354) 18 (27.3) 24 (36.9) 8(222) 34 (358)

237 11 (167) 6(92) 8(121) 9(138) (1 13 (13.7)

Birth weight (grams, n/%) 0.058 0.694 0.868
<1000 5(76) 9(138) 6(9.1) 8(123) 4qL 10 (105)
1000~<1500 15227) 15 (231) 15 (22.7) 15 (23.1) 10 (27.8) 20 2L
1500~<2500 30 (455) 36 (554) 32 (48.5) 34 (52.3) 17 (472) 49 (51.6)

22500 16 (242) 5(7.7) 13 (19.7) 8(123) 5(139) 16 (168)

Small for gestational age (/%)" 0.657 0375 0463
Yes 11.167) 13 (200) 10 (15.2) 14 215) 5(139) 19 (200)

No 55(833) 52 (80.0) 56 (84.8) 51 (78.5) 31 (86.1) 76 (80.0)

Pregnancy (n/%)" 1000 0039 0165
Single 55 (83.3) 46 (70.8) 56 (84.8) 45 (69.2) 31 (86.1) 70 (73.7)

Multiple 11(167)  19(292) 10 (15.2) 20 (30.8) 50139 25 (26.3)

Apgar at 5 min (n/%)* 0.195 0.030 0473
<7 17258) 10 (15.4) 19 (28.8) 8(123) 9 (250) 18 (189)
>7 49 (742) 55 (846) 47(712) 57 (87.7) 27 (75.0) 77 (81.1)

Age at NEC diagnosis (days, n/%)" 0.074 0.520 1.000
<7 355 110169 5(7.6) 9(138) a1y 10 (105)
>7~14 35(530)  31(47) 35 (53.0) 31 (47.7) 18 (50.0) 48 (50.5)

14 28(4245) 23 (354) 26 (15.4) 25 (385) 14 (389) 37 (38.9)

Blood transfusion (n/%)" 0575 0350 0.141
Yes 19(288)  22(338) 18 (27.3) 23 (35.4) 15 (41.7) 26 (27.4)

No 47(712) 43 (662) 48 (72.7) 42 (64.6) 21 (583) 69 (726)

Maternal age (n/%)" 0809 1000 0423
<35 55(833) 56 (862) 56 (84.8) 55 (84.6) 29 (806) 82 (863)

11167) 90138 10 15.2) 10 (15.4) 7194) 13 (13.7)
0475 1.000 0841
28 (424) 23 (354) 26 (39.4) 25 (38.5) 15 (417) 36 (37.9)
No 38 (57.6) 42 (64.6) 40 (60.6) 40 (61.5) 21 (583) 59 (62.1)

aChi-square test.





OPS/images/fped-10-1044449-t004.jpg
Variables b SE  Wald OR 95% CI P value

Low-SII 2558 0530 23303 12904 4568~36.449  <0.001
Low-PLR 1032 0492 4408 2807  1071~7.356 0036
Constant 2640 0479 30362 0071

B regression coefficient; SE. standard error; OR. odds ratio; 95% Cl, 95%
confidence interval; NEC, necrotizing enterocolitis; Sll, systematic immuno-
1 ratio.

! ke PLR. pli





OPS/images/fped-10-1044449-t003.jpg
Blood test parameters Overall (N=131) Surgical intervention (N =49) Medical treatment (N =82) P value

General blood examination

WBC (x107/L)" 11.86 (9.04, 16.91) 1248 (9.48, 17.94) 11.64 (895, 14.79) 0.164
NE (x10°/L)° 5472300 5442279 549313 0921
LY (x10°/L)° 648+3.69 748425 589+3.18 0016
MO (x10°/L)* 0.87 (056, 1.33) 0.88 (0.57, 1.34) 0.87 (056, 1.30) 0853
HB (g/L)* 138.0 (116.0,163.0) 136.0 (111.5,155.5) 140.0 (119.0,164.0) 0265
PLT (x10°/1)" 292.0 (165.0,408.0) 1710 (9153105) 328.0 (255.0431.3) <0.001
CRP (mg/L)® 0.022
<8 81 (59.6) 24 (49.0) 57 (69.5)
8~20 20 (158) 8(16.3) 12 (146)
>20~50 21 (167) 10 (20.4) 9(134)
>50 9(7.9) 7(14.3) 2(24)
Combination marker
Low-SII® <0001
Yes. 65 (49.6) 43 (87.8) 22(268)
No 66 (50.4) 6(122) 60 (732)
Low-PLR” <0.001
Yes 65 (49.6) 38 (77.6) 27 (329)
No 66 (504) 11 (224) 55 (67.1)
Low-NLR® 0003
Yes 95 (72.5) 43 (87.8) 52 (63.4)
No 36 (275) 6(122) 30 (36.6)

*Values are presented as medians (IQR) and used Mann-Whitney U test.
°Chi-square test.

“Values are presented as mean + standard deviation and used Students t test

WEC, Whiti Blood call count: NE. hiitirouhil coint: LY. lyinhiocyte caunt: MO, moRocyia satint: HB. hémoolsbin: PLT. pistelet coiint: CRP. C-reacive protsin.





OPS/images/fped-10-1044449-t006.jpg
ity (%) Specifificity (%) PPV (%) NPV (%) +LR —LR

Variables Sensil

Low-SII 92.86 5556 2000 98.48 209 013

Low-PLR 7857 5385 1692 95.45 170 040
7857 6752 245 96.34 242 032

Surgical intervention

yte ratio; PPV, positive predictive value: NPV, negative predictive value; +LR, positive likelihood

Sll, systematic index; PLR, p P

ratio: —LR, negative likelihood ratio.





OPS/images/fped-10-1044449-t005.jpg
Variables Sensitivity (%) Specifificity (%) PPV (%) NPV (%) +LR —LR
Low-SII 87.76 7317 66.15 9091 327 017
Low-PLR 7755 67.07 58.46 8333 236 033
Low-SII + Low-PLR 87.76 7317 66.15 9091 327 017
Sll, systematic index: PLR, platel ratio; PPV, positive predictive value: NPV, negative predictive value; +LR, positive likelihood

ratia: LI pagative likelihood ratio.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Correlation of systemic immune-inflammation Index with surgical necrotizing enterocolitis

		Introduction



		Materials and methods



		Study design and setting



		Study population



		Surgical intervention



		Data collection



		Definitions



		Statistical analysis











		Results



		General data



		Determination for SII, PLR, and NLR



		Correlations of SII, PLR, and NLR with general demographics of neonates with NEC



		Univariate/multivariate regression analyses of patients receiving surgical intervention



		Correlations of low-SII and low-PLR with surgical NEC



		Low-SII, low-PLR and surgical intervention provided a reference for clinical outcome of NEC











		Discussion



		Limitation



		Conclusion



		Data availability statement



		Ethics Statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Correlation of systemic immuneinflammation
Index with surgical necrotizing enterocolitis







OPS/images/fped-10-1044449-g001.jpg
NEC confirmed in Chongqing Children’s
Hospital from Dec. 2019 to Nov. 2020.

N=143
Excluded due to accompanied with
5| digestive system deformity (5),
‘meconium-related ileus (2),

haemophilia (1) and missing data (4).
N-12

Surg Medical
intervention. treatment.
N=§2

mortality: 22.4% mortality: 3.7%







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fped-10-1044449-g005.jpg
e e

TSR S sas—






OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-10-1044449-g004.jpg
TR R sis: LowPLR T Eproprs Loy

—






OPS/images/fped-10-1044449-g003.jpg
A T o B i i i c L

Sty 09

100- Spocificty 0%





OPS/images/fped-10-1044449-g002.jpg
P<0.001

P<0.001

250






OPS/images/fped-10-1044449-g006.jpg
Sil grouping and outcome

- Mortalty

= suvival

P=0.022

Low-PLR HighPLR
PLR grouping and outcome

- Mortality

= Suvivil

Cases

& &

T O

- Moraliy

= sunvival





