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Background: The shock index, pediatric age-adjusted (SIPA), defined as the maximum normal heart rate divided by the minimum normal systolic blood pressure by age, can help predict the risk of morbidity and mortality after pediatric trauma. This study investigated whether the SIPA can be used as an early index of prognosis for non-traumatic children visiting the pediatric emergency department (ED) and were directly admitted to the intensive care unit (ICU). We hypothesized that an increase in SIPA values in the first 24 h of ICU admission would correlate with mortality and adverse outcomes.

Methods: This multicenter retrospective study enrolled non-traumatic patients aged 1–17 years who presented to the pediatric ED and were directly admitted to the ICU from January 1, 2016, to December 31, 2018, in Taiwan. The SIPA value was calculated at the time of arrival at the ED and 24 h after ICU admission. Cutoffs included SIPA values >1.2 (patient age: 1–6), >1.0 (patient age: 7–12), and >0.9 (patient age: 12–17). The utility of the SIPA and the trends in the SIPA during the first 24 h of ICU admission were analyzed to predict outcomes.

Results: In total, 1,732 patients were included. Of these, 1,050 (60.6%) were under 6 years old, and the median Pediatric Risk of Mortality score was 7 (5–10). In total, 4.7% of the patients died, 12.9% received mechanical ventilator (MV) support, and 11.1% received inotropic support. The SIPA value at 24 h after admission was associated with increased mortality [odds ratio (OR): 4.366, 95% confidence interval (CI): 2.392–7.969, p < 0.001], MV support (OR: 1.826, 95% CI: 1.322–2.521, p < 0.001), inotropic support (OR: 2.306, 95% CI: 1.599–3.326, p < 0.001), and a long hospital length of stay (HLOS) (2.903 days, 95% CI: 1.734–4.271, p < 0.001). Persistent abnormal SIPA value was associated with increased mortality (OR: 2.799, 95% CI: 1.566–5.001, p = 0.001), MV support (OR: 1.457, 95% CI: 1.015–2.092, p = 0.041), inotropic support (OR: 1.875, 95% CI: 1.287–2.833, p = 0.001), and a long HLOS (3.2 days, 95% CI: 1.9–4.6, p < 0.001). Patients with abnormal to normal SIPA values were associated with decreased mortality (OR: 0.258, 95% CI: 0.106–0.627, p = 0.003), while patients with normal to abnormal SIPA values were associated with increased mortality (OR: 3.055, 95% CI: 1.472–5.930, p = 0.002).

Conclusions: In non-traumatic children admitted to the ICU from the ED, increased SIPA values at 24 h after ICU admission predicted high mortality and bad outcomes. Monitoring the trends in the SIPA could help with prognostication and optimize early management.
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INTRODUCTION

The shock index (SI), defined as the ratio of heart rate (HR) to systolic blood pressure (SBP), is widely used as a predictor in patients presenting with trauma or acute hemorrhage (1, 2). Studies have shown the advantages of SI and adjusted SI values over conventional vital sign measurements in detecting occult hypovolemic shock and predicting mortality (3–6). The SI has been used to predict mortality in patients with medical conditions (7), such as sepsis (8, 9), pulmonary embolism (10), and community-acquired pneumonia (11). Furthermore, changes in SI values over time predict mortality in non-traumatic critically ill patients (12, 13). In the pediatric population, the SI can also be useful in predicting mortality in children with septic shock (14, 15).

There is an age-specific normal limit of vital signs in pediatric patients. The normal range of SI values may differ across different age groups. Hence, the SI, pediatric age-adjusted (SIPA), defined as the maximum HR divided by minimum SBP from an age-specific normal limit, was developed (Table 1) (16–19). Shannon N. Acker et al. demonstrated that the SIPA can more accurately identify severely injured children following blunt trauma than the SI unadjusted for age (18, 20). The SIPA is better at predicting outcomes, such as the need for emergency surgery, endotracheal intubation, early blood transfusion, intensive care unit (ICU), and long hospital length of stay (HLOS) and mortality (17, 21–23). Recent studies further illustrated the use of following the trends in the SIPA with regard to important predictors of outcomes in the pediatric population experiencing trauma (24–26).


Table 1. Vital signs by age with the calculated SIPA cutoff value.
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There is a paucity of data on this subject in non-traumatic pediatric patients. One study conducted in 2020 indicated that febrile children with elevated SIPA values on the initial emergency department (ED) visit were associated with ICU admission following an unscheduled ED revisit within 72 h (27). Considering that the conclusions of most studies on SIPA were confined to trauma patients, this study attempted to expand the use of this tool to include additional pediatric populations.

To investigate whether the SIPA can be used as an early index of prognosis for non-traumatic children visiting the pediatric ED and were directly admitted to the ICU, this study compared the association of the SI and SIPA with clinical characteristics, mortality, and adverse outcomes. Moreover, we analyzed the utility of trends in the SIPA in predicting mortality and adverse outcomes in the first 24 h of ICU admission. We hypothesized that an increase in SIPA values in the first 24 h of ICU admission would correlate with adverse outcomes in non-traumatic children.



MATERIALS AND METHODS

This retrospective observational study was conducted at the EDs of three medical institutes (the Linkou, Chiayi, and Kaohsiung branches) located in northern and southern Taiwan. There were 35,000, 11,000, and 30,000 annual pediatric ED visits, respectively. The study was approved by the Institutional Review Board of the Chang Gung Medical Foundation (date of approval: May 15, 2021, number: 202100692B0). Patient and physician records and information were collected from the research database in the studied medical foundation and anonymized prior to the analysis.

We enrolled children aged 1–17 years who presented to the pediatric ED and were directly admitted to the ICU between January 1, 2016, and December 31, 2018. Patients aged <1 year were excluded because the normal range of vital signs varied drastically by month and the normal range of SIPA values in this population was not clearly categorized in previous studies. Patients who experienced traumatic injury, who had out-of-hospital cardiac arrest, were discharged against medical advice, or were transferred to other hospitals after admission were also excluded. Figure 1 shows a patient inclusion flowchart.


[image: Figure 1]
FIGURE 1. Patient inclusion flowchart. SI, shock index; SIPA, shock index, pediatric age-adjusted.


We calculated the SI and SIPA values from medical records documented in the research database for the included patients at the time of ED arrival and 24 h after admission. These values were then categorized as either abnormal (i.e., above the normal SI range or normal SIPA value for age range) or normal based on the normal range of vital signs in different age groups that were adopted in recent studies (17, 25, 27). We also calculated delta SI by subtracting the SI value at 24 h after admission from the SI value at admission. We then compared their association with patient severity and clinical outcomes. Information on demographic variables including age, sex, and patients' clinical characteristics was collected to obtain the severity index and the Pediatric Risk of Mortality (PRISM) score (28) in order to determine the level of correlation of the SI and SIPA with severity.

The primary outcome was mortality at ICU admission. The secondary outcomes included mechanical ventilator (MV) support, inotropic agent support, and the HLOS. To further investigate the utility of using the SIPA as a tool in clinical monitoring, we used the trends of the SIPA value at admission and 24 h later to correlate with clinical outcomes. In this step of the analysis, four different trends of the SIPA were analyzed: normal to normal, normal to abnormal, abnormal to normal, and abnormal to abnormal SIPA values during the first 24 h.

The Mann-Whitney U test for continuous variables and chi-square analysis for binomial variables were performed to determine the clinical characteristics and outcomes that were correlated with the SI and SIPA. Logistic regressions assessing the association of clinical outcomes with the SIPA value and the trends in the SIPA during the first 24 h were performed after adjusting for confounding factors. Statistical significance was defined as a two-sided p-value < 0.05. All statistical analyses were conducted using the IBM SPSS Statistics for Mac (version 26).



RESULTS

During the study period, 1,732 patients were included in the study. Of these, 1,050 (60.6%) were under 6 years old, 1,010 (58.3%) were male, and the median PRISM score was 7 (5–10). In total, 4.7% of the patients died, 12.9% received MV support, and 11.1% received inotropic support (Table 2).


Table 2. Demographics and clinical characteristics of the included patients.
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The association of SI and SIPA with clinical appearance and outcomes is shown in Table 3. At admission, 1,230 (76.9%) patients were categorized as having abnormal SI values, while 912 (57.0%) patients were considered to have abnormal SIPA values. The mean patient age was significantly higher in both the normal SI [13 (9–16) vs. 3 (1–9), p < 0.001] and SIPA [7 (2–14) vs. 3 (1–11), p < 0.001) groups than in the abnormal group. There was a statistically significant difference in PRISM scores between the normal and abnormal SIPA groups [6 (5–10) vs. 9 (5–10), p = 0.039], while there was no significant difference between the normal and abnormal SI groups [8 (5–10) vs. 7 (5–10), p = 0.264]. Regarding clinical outcomes, neither abnormal SI nor abnormal SIPA values at admission were significantly correlated with in-hospital mortality, MV support, and inotropic support. An abnormal SIPA value was associated with increased HLOS [7 (5–12) vs. 6 (4–10), p = 0.003].


Table 3. Correlation of SIPA at admission and 24 hours later with patient outcome.
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Considering the vital sign index at 24 h after admission, the ratio of abnormal SIPA values dropped to 39.4%, while abnormal SI values accounted for 64.1% of the total patients. The mean patient age was significantly higher in both the normal SI [13 (7–15) vs. 2 (1–6), p < 0.001] and SIPA [7 (3–14) vs. 2 (1–9), p < 0.001] groups than in the abnormal group. Abnormal SIPA values at 24 h were associated with all measured outcomes, including high mortality (7.1 vs. 2.3%, p < 0.001), MV support (18.1 vs. 11.9%, p = 0.002), inotropic support (15.5 vs. 9.4%, p = 0.001), and a long HLOS [8 (5–13) vs. 7 (4–11), p = 0.001). On the contrary, abnormal SI values were significantly associated with high mortality (5.2 vs. 2.8%, p = 0.039), but not with other secondary outcomes.

We performed a regression analysis on the correlation of SIPA values at admission, 24 h after admission, and delta SI with the measured outcomes. After adjusting for age, sex, and patient severity, SIPA values at admission were associated with increased HLOS [1.282 days, 95% confidence interval (CI): 0.240–2.324, p = 0.016], but not with a high rate of mortality or other secondary outcomes. In contrast, SIPA values at 24 h after admission were associated with increased mortality [odds ratio (OR): 4.366, 95% CI: 2.392–7.969, p < 0.001], MV support (OR: 1.826, 95% CI: 1.322–2.521, p < 0.001), inotropic support (OR: 2.306, 95% CI: 1.599–3.326, p < 0.001), and HLOS (2.903 days, 95% CI: 1.734–4.271, p < 0.001). Furthermore, delta SI was associated with increased mortality (OR: 8.158, 95% CI: 3.838–17.340, p < 0.001), MV support (OR: 3.309, 95% CI: 1.638–6.683, p < 0.001), inotropic support (OR: 4.233, 95% CI: 2.454–7.303, p < 0.001), but not with HLOS.

The results of the SIPA trends in terms of patient outcomes are shown in Figure 2. We found that patients with persistent abnormal SIPA values during the first 24 h were significantly associated with adverse outcomes, including increased mortality (OR: 2.799, 95% CI: 1.566–5.001, p = 0.001), MV support (OR: 1.457, 95% CI: 1.015–2.092, p = 0.041), inotropic support (OR: 1.875, 95% CI: 1.287–2.833, p = 0.001), and HLOS (3.2 days, 95% CI: 1.9–4.6, p < 0.001). In contrast, patients with normal SIPA values in the first 24 h were associated with a decreased HLOS (−1.901 days, 95% CI: −3.181 −0.632, p = 0.002). Patients with abnormal to normal SIPA values were associated with decreased mortality (OR: 0.258, 95% CI: 0.106–0.627, p = 0.003). In contrast, patients with normal to abnormal SIPA values were associated with increased mortality (OR: 3.055, 95% CI: 1.472–5.930, p = 0.002) and increased MV support (OR: 1.910, 95% CI: 1.186–3.076, p = 0.008).


[image: Figure 2]
FIGURE 2. Logistic regression of different shock index, pediatric age-adjusted trends to clinical outcomes after adjusting for confounding factors: mortality (A), ventilator support (B), inotropic support (C), HLOS (D).




DISCUSSION

Studies have proven the SIPA to be a useful tool for predicting the risk of morbidity and mortality in the pediatric population experiencing trauma (17, 18, 24). This study further demonstrates the utility of elevated SIPA values and the trends in the SIPA for the first 24 h in predicting outcomes among pediatric non-traumatic patients. As shown in Table 3, abnormal SIPA values at 24 h accurately identified children at a high risk of adverse outcomes, including high mortality, MV support, inotropic support, and a long HLOS. Although both elevated SI and elevated SIPA values at 24 h after admission appear to be associated with high mortality, making pediatric adjustment unnecessary, elevated SIPA values at 24 h after admission correlated with each of the three outcomes measured. The same results were obtained after adjusting for confounding factors (Table 4). It should be noted that there were 19 children with normal SIPA values at 24 h who died. Among these, eight were diagnosed with cancer, four had congenital disorders, six had central nervous system anomalies, and one had heart failure after acute myocarditis. The SIPA should be used with caution in patients with severe underlying diseases.


Table 4. Logistic regression analysis of the association of SIPA to clinical outcomes after adjusting confounding factors.
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Moreover, there was a significant difference in PRISM scores between the normal and abnormal SIPA groups at admission. This finding indicates that the SIPA more accurately identifies a patient's severity than the SI unadjusted for age. Interestingly, elevated SIPA values at admission were only associated with an increased HLOS, whereas elevated SI values at admission were not associated with any measured outcomes. This discrepancy could be a consequence of early intervention and management, which may alter patient outcomes. Children presenting to the ED with initially unstable conditions receive aggressive resuscitation and a high level of care; thus, children with abnormal SIPA values at admission can avoid adverse outcomes. Additionally, the average age of the patients was high in both the normal SI and SIPA groups. This may be related to the limited physiological ability of compensation in response to disease progression in young children.

Nordin et al. demonstrated that the change in SIPA values in the prehospital period predicts the need for transfusions, ICU admission, and mortality in pediatric trauma patients (25). A study conducted in 2018 also indicated that a normal SIPA value at the time of arrival to the hospital, which becomes elevated in the first 48 h of admission, correlates strongly with adverse outcomes in pediatric blunt trauma patients (24). This study provides additional evidence for SIPA trends in predicting outcomes in children. Alterations in SIPA values during the first 24 h were associated with adverse outcomes, as shown in Figure 2. When we studied children with persistently elevated SIPA values, either at admission or at 24 h after admission, we observed an increased risk of mortality, MV support, inotropic support, and HLOS. Additionally, progression from a normal SIPA value to an abnormal SIPA value is also associated with increased mortality and the need for MV. Conversely, improvement of SIPA values within 24 h of ICU admission was associated with decreased mortality in children with high SIPA values at admission. This result suggests that monitoring changes in SIPA values, especially persistently elevated SIPA values within 24 h of ICU admission, could provide information to help predict adverse outcomes. Such information may alert healthcare providers to the risk of poor prognosis among children admitted to the ICU. It also offers healthcare providers a clue to communicate their therapeutic plan to family members and to explain indications for invasive procedures, such as central venous catheterization.

Delta SI can also be used to predict adverse outcomes. As shown in Table 4, delta SI was strongly associated with mortality, MV support, and inotropic agent use. However, the normal range of SIPA values may differ across different age groups due to age-specific normal limits of vital signs in pediatric patients. Therefore, the dichotomization of SIPA values as normal or abnormal may be a concise and explicit way for clinical application.

The main advantage of SIPA is that the values can be rapidly calculated at the bedside. The required parameters are easily obtained from routine vital signs. The SIPA should be integrated into electronic medical records and automatically calculated in real time according to HR and SBP. The utility of SIPA monitoring may allow early recognition of children with poor outcomes, and be an indicator for early implementation of aggressive treatment. Further research is needed to evaluate the improvement in early management among children admitted to the ICU after SIPA monitoring.

This study has several limitations. First, it had a retrospective study design; thus, all data collection depended on the information documented in the medical records. Second, this study was conducted at the ED of three medical institutions. We did not analyze interfacility differences in practice, such as ICU admission criteria or indications for inotropic agent administration. However, we believe that this would have a minimal effect on our results, as all the studied hospitals have similar systems. Third, the sample population was limited to children aged 1–17 years. The applicability of these findings to patients younger than 1 year is unknown and should be the focus of future work. Finally, we used non-invasive SBP measurements for SI calculation in all patients included. Accurate measurement of vital signs in young children is challenging. The measurement of vital signs may differ among nursing staff who are unaccustomed to caring for children. Nevertheless, the effect should be minimal, as this would have affected both the calculated SI and SIPA values equally. The usefulness of the SIPA should be tested in large prospective cohorts of non-traumatic children. Additional resuscitation metrics (that is, the serum lactate level, central venous oxygen saturation, or serum base deficit) may be incorporated for a precise prediction of prognosis.

In conclusion, elevated SIPA values at 24 h after ICU admission predicts high mortality and bad outcomes. Monitoring the trends in the SIPA could provide information for predicting adverse outcomes in non-traumatic children visiting the pediatric ED, directly admitted to the ICU. It is practicable to add the SIPA to HR and SBP, allowing for the prognostication and optimization of early management.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The study was approved by the Institutional Review Board of the Chang Gung Medical Foundation (date of approval: May 15, 2021, number: 202100692B0). Patient and physician records and information were collected from the research database in the studied medical foundation and anonymized prior to the analysis.



AUTHOR CONTRIBUTIONS

I-MC and Y-HH contributed to the conception and design of the study. P-CC performed the statistical analysis and data interpretation. K-CH, YY, C-JL, and F-JC contributed to drafting the article and reviewing the literature. All authors contributed to the manuscript revision and approved the submitted version.



REFERENCES

 1. Allgower M, Burri C. [“Shock index”]. Dtsch Med Wochenschr. (1967) 92:1947–50. doi: 10.1055/s-0028-1106070

 2. Campos-Serra A, Montmany-Vioque S, Rebasa-Cladera P, Llaquet-Bayo H, Gracia-Roman R, Colom-Gordillo A, et al. The use of the Shock Index as a predictor of active bleeding in trauma patients. Cir Esp. (2018) 96:494–500. doi: 10.1016/j.cireng.2018.09.007

 3. Chung JY, Hsu CC, Chen JH, Chen WL, Lin HJ, Guo HR, et al. Shock index predicted mortality in geriatric patients with influenza in the emergency department. Am J Emerg Med. (2019) 37:391–4. doi: 10.1016/j.ajem.2018.05.059

 4. Caputo N, Reilly J, Kanter M, West J. A retrospective analysis of the respiratory adjusted shock index to determine the presence of occult shock in trauma patients. J Trauma Acute Care Surg. (2018) 84:674–8. doi: 10.1097/TA.0000000000001761

 5. Marenco CW, Do WS, Lammers DT, Horton JD, Azarow K, Eckert MJ. Validation of Shock Index Pediatric-Adjusted for children injured in warzones. J Trauma Acute Care Surg. (2020) 89:642–8. doi: 10.1097/TA.0000000000002655

 6. Cannon CM, Braxton CC, Kling-Smith M, Mahnken JD, Carlton E, Moncure M. Utility of the shock index in predicting mortality in traumatically injured patients. J Trauma. (2009) 67:1426–30. doi: 10.1097/TA.0b013e3181bbf728

 7. Torabi M, Mirafzal A, Rastegari A, Sadeghkhani N. Association of triage time shock index, modified shock index, and age shock index with mortality in emergency severity index level 2 patients. Am J Emerg Med. (2016) 34:63–8. doi: 10.1016/j.ajem.2015.09.014

 8. Berger T, Green J, Horeczko T, Hagar Y, Garg N, Suarez A, et al. Shock index and early recognition of sepsis in the emergency department: pilot study. West J Emerg Med. (2013) 14:168. doi: 10.5811/westjem.2012.8.11546

 9. Yussof SJ, Zakaria MI, Mohamed FL, Bujang MA, Lakshmanan S, Asaari AH. Value of Shock Index in prognosticating the short-term outcome of death for patients presenting with severe sepsis and septic shock in the emergency department. Med J Malaysia. (2012) 67:406–11.

 10. Sam A, Sánchez D, Gómez V, Wagner C, Kopecna D, Zamarro C, et al. The shock index and the simplified PESI for identification of low-risk patients with acute pulmonary embolism. Eur Respir J. (2011) 37:762–6. doi: 10.1183/09031936.00070110

 11. Sankaran P, Kamath AV, Tariq SM, Ruffell H, Smith AC, Prentice P, et al. Are shock index and adjusted shock index useful in predicting mortality and length of stay in community-acquired pneumonia? Eur J Intern Med. (2011) 22:282–5. doi: 10.1016/j.ejim.2010.12.009

 12. Huang Y-S, Chiu I-M, Tsai M-T, Lin C-F, Lin C-F. Delta shock index during emergency department stay is associated with in hospital mortality in critically ill patients. Front Med. (2021) 8:648375. doi: 10.3389/fmed.2021.648375

 13. Maheshwari K, Nathanson BH, Munson SH, Hwang S, Yapici HO, Stevens M, et al. Abnormal shock index exposure and clinical outcomes among critically ill patients: A retrospective cohort analysis. J Crit Care. (2020) 57:5–12. doi: 10.1016/j.jcrc.2020.01.024

 14. Rousseaux J, Grandbastien B, Dorkenoo A, Lampin ME, Leteurtre S, Leclerc F. Prognostic value of shock index in children with septic shock. Pediatr Emerg Care. (2013) 29:1055–9. doi: 10.1097/PEC.0b013e3182a5c99c

 15. Yasaka Y, Khemani RG, Markovitz BP. Is shock index associated with outcome in children with sepsis/septic shock? Pediatr Crit Care Med. (2013) 14:e372–e9. doi: 10.1097/PCC.0b013e3182975eee

 16. Cuenca CM, Borgman MA, April MD, Fisher AD, Schauer SG. Validation of the age-adjusted shock index for pediatric casualties in Iraq and Afghanistan. Mil Med Res. (2020) 7:33. doi: 10.1186/s40779-020-00262-8

 17. Nordin A, Coleman A, Shi J, Wheeler K, Xiang H, Acker S, et al. Validation of the age-adjusted shock index using pediatric trauma quality improvement program data. J Pediatr Surg. (2017). doi: 10.1016/j.jpedsurg.2017.10.023. [Epub ahead of print].

 18. Acker SN, Ross JT, Partrick DA, Tong S, Bensard DD. Pediatric specific shock index accurately identifies severely injured children. J Pediatr Surg. (2015) 50:331–4. doi: 10.1016/j.jpedsurg.2014.08.009

 19. Hietanen C. Calculated decisions: shock index, pediatric age-adjusted (SIPA). Pediatr Emerg Med Pract. (2020) 17 (Suppl 1):CD6–7.

 20. Acker SN, Stewart CL, Roosevelt GE, Partrick DA, Moore EE, Bensard DD. When is it safe to forgo abdominal CT in blunt-injured children? Surgery. (2015) 158:408–12. doi: 10.1016/j.surg.2015.03.037

 21. Acker SN, Bredbeck B, Partrick DA, Kulungowski AM, Barnett CC, Bensard DD. Shock index, pediatric age-adjusted (SIPA) is more accurate than age-adjusted hypotension for trauma team activation. Surgery. (2017) 161:803–7. doi: 10.1016/j.surg.2016.08.050

 22. Linnaus ME, Notrica DM, Langlais CS, Peter SDS, Leys CM, Ostlie DJ, et al. Prospective validation of the shock index pediatric-adjusted (SIPA) in blunt liver and spleen trauma: an ATOMAC+ study. J Pediatr Surg. (2017) 52:340–4. doi: 10.1016/j.jpedsurg.2016.09.060

 23. Phillips R, Acker S, Shahi N, Shirek G, Meier M, Goldsmith A, et al. The shock index, pediatric age-adjusted (SIPA) enhanced: Prehospital and emergency department SIPA values forecast transfusion needs for blunt solid organ injured children. Surgery. (2020) 168:690–4. doi: 10.1016/j.surg.2020.04.061

 24. Vandewalle RJ, Peceny JK, Dolejs SC, Raymond JL, Rouse TM. Trends in pediatric adjusted shock index predict morbidity and mortality in children with severe blunt injuries. J Pediatr Surg. (2018) 53:362–6. doi: 10.1016/j.jpedsurg.2017.10.045

 25. Nordin A, Shi J, Wheeler K, Xiang H, Kenney B. Age-adjusted shock index: From injury to arrival. J Pediatr Surg. (2019) 54:984–8. doi: 10.1016/j.jpedsurg.2019.01.049

 26. Marenco CW, Lammers DT, Do WS, Morte KR, Horton JD, Eckert MJ. Dynamic trend or static variable: shock index pediatric-adjusted (SIPA) in warzone trauma. J Pediatr Surg. (2021) 56:405–11. doi: 10.1016/j.jpedsurg.2020.11.028

 27. Chiang C-Y, Chen Y-L, Lin YR, Cheng F-J, Wu K-H, Chiu I-M. Characteristics of febrile children admitted to the ICU following an unscheduled ED revisit within 72 hours, a case-control study. Front Pediatr. (2020) 8:411. doi: 10.3389/fped.2020.00411

 28. Pollack MM, Patel KM, Ruttimann UE. PRISM III: an updated pediatric risk of mortality score. Crit Care Med. (1996) 24:743–52. doi: 10.1097/00003246-199605000-00004

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.

Copyright © 2021 Huang, Yang, Li, Cheng, Huang, Chuang and Chiu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-09-727466-t003.jpg
Atadmisson  Total
Age
PRISM
Mortality
MV support
Inotropic support
HLOS, day
At24h Total
Age
PRISM
Mortality
MV support
Inotropic support
HLOS, day

Normal
median (IQRYN%

370 (28.1%)
13 (9-16)
8(5-10)
16 (4.3%)

52 (14.1%)
41 (11.1%)
6(4-10)

500 (35.9%)
13 (7-15)
8(5-10)
14 (2.8%)

62 (12.4%)

51(10.2%)
7 (4-11)

sl

Abnormal
median (IQRY/N%

1,230 (76.9%)
3(1-9)

7 (5-10)
56 (4.5%)
143 (11.6%)
132 (10.7%)
7 (@-11)
893 (64.1%)
2(1-6)
7(5-10)
46 (5.29%)
142 (15.9%)
115 (12.9%)
7(6-12)

P-value

<0.001
0.264
1.000
0.205
0.849
0.147

<0001
0.139
0039
0082
0.144
0.147

Normal
median (IQRY/N%

688 (43.0%)
7(2-14)
6(6-10)

30 (4.4%)

83 (12.2%)

69 (10.2%)
6 (4-10)

844 (60.6%)
7@-14)
8(5-10)

19 (2.3%)
99 (11.9%)
78 (9.4%)

7 (@-11)

SIPA

Abnormal
median (IQRYN%

912 (67.0%)
3(1-11)
9(5-10)
50 (5.5%)

117 (12.9%)

109 (12.0%)
7(5-12)

549 (39.4%)
2(1-9)
8(5-10)
39 (7.1%)

98(18.1%)

84 (15.5%)
8(5-13)

P-value

<0.001
0.038
0.355
0.760
0.261
0.003

<0.001
0.530

<0.001
0.002
0.001

0.001

IQR, interquartile range; SI, shock index; HLOS, hospital length of stay: PRISM, Pediatric Risk of Mortality; SIPA, shock index, pediatric age-adjusted: MV, mechanical ventilator.





OPS/images/fped-09-727466-t004.jpg
SIPA

At admission Mortality
Ventilator support
Inotropic support
HLOS

At24h Mortality
Ventilator support
Inotropic support
HLOS

Delta S| Mortality
Ventilator support
Inotropic support
HLOS

Odds ratio (95% CI)

1.098 (0.670-1.798)
1.061(0.775-1.452)
1.257 (0.902-1.753)
1.282 (0.240-2.324)
4366 (2.392-7.969)
1.826 (1.322-2.521)
2.306 (1.599-3.326)
2.903 (1.734-4.271)
8.158 (3.838-17.340)
3.300 (1.638-6.683)
4233 (2.454-7.303)

0.900 (~0.725-2.525)

P-value

0.711
0.712
0177
0.016
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0277

Cl, confidence interval; Sl, shock index; HLOS, hospital length of stay; SIPA, shock index,

pediatric age-adjusted.





OPS/images/fped-09-727466-t001.jpg
Age

1-3 years
4-6 years
7-12 years
>12 years

HR

70-110
65-110

60-100
55-00

SBP

90-110
90-110
100-120
100-135

SIPA cutoff value

12,
1.2
1.0
0.9

SIPA, shock index, pediatric age-adjusted; HR, heart rate; SBP, systolic blood pressure.





OPS/images/fped-09-727466-t002.jpg
Variables Median (IQRY/N (%)

Total patients 1,782
Hospitals

Northern 641 (37.0%)
Middle-west 194 (11.2%)
Southern 897 (51.8%)
Age 4(1-12)
1-8 840 (48.5%)
46 210 (12.1%)
7-12 296 (17.1%)
1817 3865 (22.3%)
Sex

Male 1,010 (68.3%)
Female 722 (41.7%)
PRISM Il 7 (6-10)
Shock index

At admission 1.15 (0.92-1.44)
At24h 1.02 (0.80-1.27)
Delta S| ~0.12 (~0.31-0.07)
Outcome

Mortality 82 (4.7%)
Ventilator support 224 (12.9%)
Inotropic support 192 (11.1%)
HLOS, day 7 (4-11)

IQR, interquartile range; SI, shock index; HLOS, hospital length of stay; PRISM, Pediatric
Risk of Mortality.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Shock Index, Pediatric Age-Adjusted Predicts Morbidity and Mortality in Children Admitted to the Intensive Care Unit



		Introduction



		Materials and Methods



		Results



		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Shock Index, Pediatric Age-Adjusted
Predicts Morbidity and Mortality in
Children Admitted to the Intensive

Care Unit





OPS/images/fped-09-727466-g001.gif
A 2500 il 117 o et
{81 e aneenydpaetnd e
ey e e cue st
ey | 2016 s D 1305

e —
e

S et oo o et

9 s e dnchrieapies il s
ot 1 e s s

P v ol s sy (5138

[ —

[ — N
o CE
[T —
o b i
Nomaiitn et [ et
i oy (= o
ey ey






OPS/images/fped-09-727466-g002.gif
P P —
c o

Siomtios B etk et B TS









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





