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Background and aims: Early identification of fulminant myocarditis (FM) is the key to reducing mortality, but there is still a lack of effective biomarkers for diagnosis. The aim of this study was to investigate the value of soluble ST2 (sST2) in identifying FM in children.



Methods: This was a single-center clinical observational study. We consecutively enrolled 144 children younger than 14 years of age diagnosed with viral myocarditis between January 2018 and November 2023, of whom 63 were diagnosed with FM.



Results: The sST2 level in the FM group was significantly higher than that in the non-FM group [104.40 (68.80, 150.10) vs. 38.30 (19.85, 55.05), p < 0.001]. ROC curves showed that the optimal cut-off values of sST2, TNI, NT-proBNP and CRP for FM were 63.8 ng/ml, 13.3 ng/ml, 3182 pg/ml and 26.5 mg/L, respectively. The sensitivity and specificity of sST2 were 84.13% and 88.9%, indicating the highest early diagnosis efficiency. Multifactorial correction showed that sST2 ≥ 63.8 ng/ml and NT-proBNP ≥ 3182 pg/ml were independent diagnostic predictors of FM (OR = 22.374, 95% CI: 8.140 ∼ 61.499, P < 0.001), and (OR = 3.208, 95% CI: 1.163 ∼ 8.846, P = 0.024).



Conclusions: With high sensitivity and specificity, sST2 may serve as a strong predictor of pediatric FM.
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1 Introduction

Acute myocarditis is a kind of myocardial inflammatory disease caused by multiple etiologies, usually caused by viral infection, a few can be caused by autoimmune diseases, toxins and drugs (1). In pediatric patients, its severity ranges from mild symptoms with subclinical myocardial involvement to a fulminant course with cardiogenic shock, life-threatening arrhythmias and even death (2–4). Fulminant myocarditis (FM) is the most serious type of acute myocarditis, characterized by an acute onset and rapid progression (2, 5). Despite recent advances in treatment, the mortality rate of FM in children remains high, ranging from 48.4% in Japan to 9% in France (6, 7). Thus, how to identify and diagnose FM as early as possible is the key link to formulate effective intervention measures and improve prognosis (8).

Currently, the diagnosis of pediatric acute myocarditis partly depends on circulating troponin I (TNI), N-terminal pro-B-type natriuretic peptide (NT-proBNP) and echocardiography (8–10). Endomyocardial biopsy is the gold standard for the diagnosis of myocarditis. However, this method is based only on localised myocardial pathology and is therefore of limited value in diagnosing FM with extensive myocardial tissue damage (8). Although contrast-enhanced cardiac magnetic resonance imaging is a more sensitive technique for detecting the extent of myocardial damage, its use may be limited and not easily accessible in emergency situations (11).

Given the rapid progression and changes in patients with FM and the poorer prognosis compared to non-FM, there is an urgent need to find new simple and reliable biomarkers to distinguish between the two (12, 13). With further understanding of the pathogenesis of myocarditis, FM is considered to be a severe inflammatory disease of the heart and therefore inflammation-related cytokines may serve as potential biomarkers (14). One study comprehensively analyzed 122 inflammatory cytokines in the plasma of adult FM patients at admission and discharge and found that soluble suppression of tumorigenicity 2 (sST2) protein showed the most significant changes during disease onset and regression, confirming sST2 as a highly specific and sensitive biomarker for FM during acute episodes of the disease (15). Unfortunately, myocarditis in children is more susceptible to fulminant onset and there is a lack of validated indicators to predict diagnosis (8). The aim of this study was to analyse the correlation between sST2 and other generic clinical indicators and to evaluate the efficacy of sST2 in the early diagnosis of pediatric FM.



2 Material and methods


2.1 Study population

Children hospitalised between January 2018 and November 2023 who met the following criteria were enrolled: less than 14 years; consistent with the diagnosis of acute viral myocarditis (16); and exclusion of COVID-19 infection, toxic myocarditis, rheumatic myocarditis, congenital heart disease, primary or secondary cardiomyopathy, congenital atrioventricular block, hyperthyroid cardiomyopathy, metabolic disease or drug-related myocardial damage. The families of the children were informed of this study and signed the informed consent. All methods were carried out in accordance with approved guidelines and regulations. The trial was approved by the Ethics Committee of the Quanzhou Women and Children's Hospital.



2.2 Research methods and data collection

The enrolled children with acute viral myocarditis were categorized as fulminant or non fulminant based on clinical features and presentations. Specifically, the diagnostic criteria for FM included: rapid onset of acute heart failure symptoms, life-threatening arrhythmias, severely impaired left ventricular function, or cardiogenic shock in less than 2 weeks in the absence of coronary artery disease or other known etiology; positive inotropic support or mechanical circulatory support due to hemodynamic instability (16). Data collection: ① General information included demographic data, past medical history, prodromal symptoms, clinical signs, routine haematology and electrocardiogram on admission. ② Serum sST2 assay. 2 ml of venous blood was collected within 24 h of admission, placed in sodium heparin tubes, centrifuged at 4,000 rpm/min for 10 min, and the serum was separated and stored in a −80°C refrigerator for testing. Circulating levels of human sST2 were measured using the soluble ST2 (sST2) BioAssay™ ELISA Kit (Human) from Usbiological (catalog number: 530074) according to the manufacturer's instructions. ③ Admission cardiac ultrasound examination. Echocardiography was performed within 24 h of admission.



2.3 Statistical analysis

Normality of all continuous variables was tested using the Kolmogorov–Smirnov method. Continuous variables with normal distribution were expressed as mean ± standard deviation (¯x ± s) and independent samples t-test was used for comparison between groups. Continuous variables with non-normal distribution were expressed as median and quarterly interval (Q1, Q3) and compared using Mann–Whitney test. Categorical variables were presented in frequency and compared using chi-square tests. The correlation between serum sST2 and other clinical indicators was analyzed by linear regression. Receiver operating characteristic (ROC) curve was used to analyze the best predictive cut-off values of pediatric FM by sST2, TNI, NT-proBNP and c-reactive protein (CRP). Logistic regression analysis was used to determine the independent clinical predictors of FM. The MedCalc statistical software was used to plot the area under the curve (AUC) and to perform Delong tests to compare the differences between the aforementioned indicators. SPSS 26.0 software (IBM, Armonk, NY) was used to test residual statistical analysis. P < 0.05 was considered statistically significant.




3 Results


3.1 Comparison of characteristics between non-FM and FM

A total of 144 cases of acute viral myocarditis were divided into two groups: FM and non-FM. Fatigue in prodrome, amaurosis/syncope in clinical symptoms, TNI, NT-proBNP, CRP, sST2, creatinine (Cr) and the proportion of ventricular tachycardia on admission were all higher in FM group than those in non-FM group (P < 0.05), while the proportion of normal electrocardiogram, admission left ventricular ejection fraction (LVEF) and LVEF ≤ 40% proportions were lower than those in non-FM group (P < 0.05), and the differences in the remaining clinical indicators were not statistically significant (Table 1).


TABLE 1 Baseline characteristics of pediatric patients.
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3.2 Analysis of the differences in sST2 and correlation with traditional clinical indicators between non-FM and FM

In all children, male children and female children, sST2 was significantly higher in FM group than in non-FM group (P < 0.05) (Figure 1). Further linear correlation analysis of the data from all enrolled subjects revealed that the positive correlations of sST2 with traditional clinical indicators were ranked in order of NT-proBNP (r = 0.612, P < 0.001), TNI (r = 0.459, P < 0.001), CRP (r = 0.324, P < 0.001), and negatively correlated with LVEF (r = −0.319, P < 0.001) (Figure 2).


[image: Figure 1]
FIGURE 1
Differences in sST2 between all, male, female children with non-FM and FM.
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FIGURE 2
Correlation analysis of sST2 with TNI, NT-proBNP, CRP and LVEF.




3.3 Diagnostic efficacy of plasma sST2 in pediatric FM

The ROC curves of sST2, TNI, NT-proBNP and CRP for pediatric FM diagnosis were plotted (Figure 3). The results showed that the optimal cut-off value of sST2 was 63.8 ng/ml with an AUC of 0.887, and its diagnostic efficacy was superior to that of TNI, NT-proBNP and CRP (Table 2). The DeLong test was used to compare the AUC difference between sST2 and the other three indicators, and it was found that the AUC of sST2 was higher than that of TNI (difference between areas = 0.174, P < 0.001), NT-proBNP (difference between areas = 0.088, P = 0.042), and CRP (difference between areas = 0.192, P < 0.001).


[image: Figure 3]
FIGURE 3
ROC curve of sST2, TNI, NT-proBNP and CRP in diagnosis of FM.



TABLE 2 Diagnostic value of sST2, TNI, NT-proBNP and CRP in pediatric FM.

[image: Table 2]



3.4 Multifactorial logistic regression analysis of pediatric FM

Age, gender, renal insufficiency (Cr ≥ 69 μmol/L), sST2 ≥ 63.8 ng/ml, TNI ≥ 13.3 ng/L, NT-proBNP ≥ 3182 pg/ml, CRP ≥ 26.5 mg/L and LVEF ≤ 40% were introduced into the logistic regression model and analyzed by applying the forward stepwise method. Multivariate adjustment revealed that both sST2 ≥ 63.8 ng/ml and NT-proBNP ≥ 3182 pg/ml were independent diagnostic predictors of FM in hospitalized children (OR = 22.374, 95% CI: 8.140–61.499, P < 0.001), (OR = 3.208, 95% CI: 1.163–8.846, P = 0.024) (Table 3).


TABLE 3 Logistic regression analysis of acute myocarditis during hospitalization.
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4 Discussion

To our knowledge, this is the first study to assess the diagnostic value of sST2 in pediatric FM. In this study, we found that sST2 was significantly higher in FM than in non-FM regardless of gender and had better diagnostic efficacy than TNI, NT-proBNP, and CRP, making it a highly sensitive and specific predictor for the early assessment of FM in children.

FM is a severe form of viral myocarditis, a disease of rapid onset and progression with a wide range of clinical manifestations and no specific laboratory indications, often associated with severe haemodynamic disturbances requiring early mechanical circulatory support to maintain tissue perfusion (17). During the onset phase of FM, many types of risk-related molecular patterns are produced and released into the bloodstream that can mediate inflammatory responses and organ failure (18, 19). In the most comprehensive clinicopathological description of myocarditis, researchers from Johns Hopkins University were the first to report that the fulminant presentation of patients with myocarditis may be a marker of a more robust inflammatory/immune response that could predict more effective viral clearance, supporting the presence of so-called inflammatory storms as part of the disease's pathogenic features (20). Therefore, the search for possible FM diagnostic biomarkers from the perspective of inflammatory factors has gradually received the attention of the academic community (21, 22). ST2 is a member of the interleukin 1 receptor family and comprises two isomers, soluble ST2 (sST2) and the transmembrane form of ST2 (ST2l) (23). From a cardiovascular perspective, sST2 protein is over expressed in fibroblasts and cardiomyocytes under different conditions and various triggers (23, 24). As a comprehensive indicator reflecting the degree of mechanical stress stimulation and inflammation, sST2 has become one of the new biomarkers for a variety of cardiovascular diseases (24, 25).

In this study, an analysis of 144 pediatric patients with acute viral myocarditis revealed that children with FM had more prodromal symptoms of fatigue, clinical symptoms of syncope or amaurosis and ventricular tachycardia compared with non-FM children. Meanwhile, TNI, NT-proBNP, CRP, and Cr were higher in the FM group than in the non-FM group, whereas the proportions of normal electrocardiograms, admission LVEF and LVEF ≤ 40% were lower than those in the non-FM group. The above general data suggest that low levels of routine haematological indicators, a low reduction in ejection fraction and a normal admission ECG may be initial clues to a non-fulminant episode, while the presence of syncope or amaurosis and evidence of ventricular tachycardia in the clinical presentation may suggest the possibility of a fulminant episode, but all of the above indicators lack diagnostic accuracy (10, 26–28).

To this end, this study focused on sST2, and the data statistics showed that sST2 was higher in the FM group than in the non-FM group regardless of gender. It has been demonstrated that elevated plasma sST2 is not only a reflection of the systemic inflammatory response, but also a result of local cardiac stress and increased mechanical stress; therefore, FM patients with significant inflammatory storm and extensive myocardial injury with increased mechanical stress may mediate higher sST2 levels (5, 15). Interestingly, linear correlation analysis revealed that sST2 was positively correlated with the inflammatory storm factor CRP, the mechanical stress indicator NT-ProBNP, and the biomarker of myocardial injury TNI, and negatively correlated with LVEF, which seems to provide further support for the apparent increase in sST2 in FM based on the perspective of pathophysiologic mechanisms of the inflammatory response, increased mechanical stress associated with cardiac injury, and also suggests that sST2 may reflect the disease condition from multiple dimensions. Further ROC curve analysis of sST2, TNI, NT-proBNP and CRP showed that when the optimal threshold value of sST2 was set at 63.8 ng/ml for the diagnosis of FM, the AUC was 0.887, the sensitivity was 84.13% and the specificity was 88.89%, all of which were better than the other three indicators. A recent study, which recruited 4 healthy controls and 4 sex- and age-matched patients with FM, found that nearly one-third of circulating inflammation-associated cytokines [39 of 122 (32.0%)] were significantly altered in blood samples of patients with FM upon admission; of these, sST2 showed the most significant changes during the onset and regression of FM. In the cohort study, a plasma sST2 threshold of 58.39 ng/ml was found to diagnose FM with 92.3% accuracy, confirming the ability of this indicator to distinguish FM with higher specificity and sensitivity than currently established biomarkers (15). Our study had similar data thresholds with an optimal cut-off value of 63.8 ng/ml, further confirming the diagnostic efficacy of sST2 for pediatric FM and solidifying the evidence in the pediatric field.

In order to determine whether multiple clinical parameters have independent predictive value in the diagnosis of pediatric FM, multivariate binary logstic regression analysis was performed, with only sST2 and NT-proBNP retained in the final equation. Most pediatric FM develops rapidly as a clinical manifestation of acute heart failure and is the result of extensive inflammatory damage to the myocardium (8). NT-proBNP increases in the presence of myocardial dysfunction, and the fact that common causes of myocardial injury and dysfunction, such as coronary artery disease, are very rare in children compared to adults, which makes NT-proBNP even more valuable (29). In a single-centre retrospective study investigating children with FM, data showed that higher peak BNP levels were an independent risk factor for cardiac arrest or mechanical circulatory support, indicating the value of NT-proBNP in paediatric FM (30). The present study further identified NT-proBNP as an independent predictor for differentiating pediatric FM from non-FM as well. As mentioned previously, mechanical stress and inflammation are the two main causes of elevated sST2 levels (24). Thus, sST2, in addition to reflecting mechanical stress like BNP, can more fully respond to systemic inflammatory storm transitions and may be part of the reason why sST2 is superior to NT-proBNP in terms of diagnostic efficacy. Moreover, age, body mass index and renal function have less influence on it, further supporting the prospect of the predictive diagnostic application of sST2 in cardiovascular diseases, including pediatric FM in this study (31, 32). However, there are some limitations to this study. First, this study is a single-centre, observational study with a limited sample size, which affects the generalisability of the results. Second, the absence of cardiac magnetic resonance imaging resulted in a lack of precision in the diagnosis of some myocarditis. Finally, due to data limitations, the relevance of sST2 in the development of dilated cardiomyopathy after myocarditis and its impact on long-term prognosis could not be analysed, which needs further study.



5 Conclusion

In acute myocarditis, sST2 was significantly better than those of TNI, NT-proBNP and CRP in predicting FM. sST2, as a strong independent predictor for the diagnosis of pediatric FM, has a high diagnostic efficacy and deserves further clinical exploration and promotion.



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.



Ethics statement

The studies involving humans were approved by The Ethics Committee of the Quanzhou Women and Children's Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

YH: Conceptualization, Formal Analysis, Methodology, Writing – original draft, Writing – review & editing. YL: Data curation, Formal Analysis, Investigation, Project administration, Supervision, Writing – review & editing. MF: Conceptualization, Data curation, Investigation, Project administration, Writing – review & editing. WZ: Conceptualization, Formal Analysis, Funding acquisition, Methodology, Project administration, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The authors thank all parents and children who volunteered to participate in our study.



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. Sozzi FB, Gherbesi E, Faggiano A, Gnan E, Maruccio A, Schiavone M, et al. Viral myocarditis: classification, diagnosis, and clinical implications. Front Cardiovasc Med. (2022) 9:908663. doi: 10.3389/fcvm.2022.908663

2. Canter CE, Simpson KE. Diagnosis and treatment of myocarditis in children in the current era. Circulation. (2014) 129(1):115–28. doi: 10.1161/CIRCULATIONAHA.113.001372

3. English RF, Janosky JE, Ettedgui JA, Webber SA. Outcomes for children with acute myocarditis. Cardiol Young. (2004) 14(5):488–93. doi: 10.1017/S1047951104005049

4. Butts RJ, Boyle GJ, Deshpande SR, Gambetta K, Knecht KR, Prada-Ruiz CA, et al. Characteristics of clinically diagnosed pediatric myocarditis in a contemporary multi-center cohort. Pediatr Cardiol. (2017) 38(6):1175–82. doi: 10.1007/s00246-017-1638-1

5. Veronese G, Ammirati E, Cipriani M, Frigerio M. Fulminant myocarditis: characteristics, treatment, and outcomes. Anatol J Cardiol. (2018) 19(4):279–86. doi: 10.14744/AnatolJCardiol.2017.8170

6. Matsuura H, Ichida F, Saji T, Ogawa S, Waki K, Kaneko M, et al. Clinical features of acute and fulminant myocarditis in children- 2nd nationwide survey by Japanese Society of Pediatric Cardiology and Cardiac Surgery. Circ J. (2016) 80(11):2362–8. doi: 10.1253/circj.CJ-16-0234

7. Ohki S, Hosokawa K, Tomioka S, Matsuoka M, Fushimi K, Matsuda S, et al. Pediatric fulminant myocarditis in Japan: a retrospective nationwide database study of hospital volume, management practices, and mortality. Pediatr Crit Care Med. (2021) 22(7):e391–401. doi: 10.1097/PCC.0000000000002692

8. Kociol RD, Cooper LT, Fang JC, Moslehi JJ, Pang PS, Sabe MA, et al. Recognition and initial management of fulminant myocarditis: a scientific statement from the American Heart Association. Circulation. (2020) 141(6):e69–92. doi: 10.1161/CIR.0000000000000745

9. Akgul F, Er A, Ulusoy E, Caglar A, Vuran G, Seven P, et al. Are clinical features and cardiac biomarkers at admission related to severity in pediatric acute myocarditis?: clinical features and cardiac biomarkers in pediatric acute myocarditis. Arch Pediatr. (2022) 29(5):376–80. doi: 10.1016/j.arcped.2022.03.008

10. Yu SR, Zhang CY, Xiong WJ, Chen JT, Song JX, Chen H. An hypothesis: disproportion between cardiac troponin and B-type natriuretic peptide levels-A high risk and poor prognostic biomarker in patients with fulminant myocarditis? Heart Lung Circ. (2021) 30(6):837–42. doi: 10.1016/j.hlc.2020.12.012

11. Fung G, Luo H, Qiu Y, Yang D, McManus B. Myocarditis. Circ Res. (2016) 118(3):496–514. doi: 10.1161/CIRCRESAHA.115.306573

12. Ammirati E, Veronese G, Brambatti M, Merlo M, Cipriani M, Potena L, et al. Fulminant versus acute nonfulminant myocarditis in patients with left ventricular systolic dysfunction. J Am Coll Cardiol. (2019) 74(3):299–311. doi: 10.1016/j.jacc.2019.04.063

13. Zhang L, Han B, Wang J, Liu Q, Kong Y, Jiang D, et al. Differential expression profiles and functional analysis of circular RNAs in children with fulminant myocarditis. Epigenomics. (2019) 11(10):1129–41. doi: 10.2217/epi-2019-0101

14. Zhuang Y, Wang J, Li H, Chen Y, Chen C, Wang DW. Plasma siglec-5 and CD163 as novel biomarkers for fulminant myocarditis. Biomedicines. (2022) 10(11):2941. doi: 10.3390/biomedicines10112941

15. Wang J, He M, Li H, Chen Y, Nie X, Cai Y, et al. Soluble ST2 is a sensitive and specific biomarker for fulminant myocarditis. J Am Heart Assoc. (2022) 11(7):e024417. doi: 10.1161/JAHA.121.024417

16. Law YM, Lal AK, Chen S, Cihakova D, Cooper Jr LT, Deshpande S, et al. Diagnosis and management of myocarditis in children: a scientific statement from the American Heart Association. Circulation. (2021) 144(6):e123–e35. doi: 10.1161/CIR.0000000000001001

17. Hang W, Chen C, Seubert JM, Wang DW. Fulminant myocarditis: a comprehensive review from etiology to treatments and outcomes. Signal Transduct Target Ther. (2020) 5(1):287. doi: 10.1038/s41392-020-00360-y

18. Zuccari S, Damiani E, Domizi R, Scorcella C, D'Arezzo M, Carsetti A, et al. Changes in cytokines, haemodynamics and microcirculation in patients with sepsis/septic shock undergoing continuous renal replacement therapy and blood purification with CytoSorb. Blood Purif. (2020) 49(1-2):107–13. doi: 10.1159/000502540

19. Maunier L, Charbel R, Lambert V. Tissieres P, group cs. Anakinra in pediatric acute fulminant myocarditis. Ann Intensive Care. (2022) 12(1):80. doi: 10.1186/s13613-022-01054-0

20. Lieberman EB, Hutchins GM, Herskowitz A, Rose NR, Baughman KL. Clinicopathologic description of myocarditis. J Am Coll Cardiol. (1991) 18(7):1617–26. doi: 10.1016/0735-1097(91)90493-s

21. Nie X, He M, Wang J, Chen P, Wang F, Lai J, et al. Circulating miR-4763-3p is a novel potential biomarker candidate for human adult fulminant myocarditis. Mol Ther Methods Clin Dev. (2020) 17:1079–87. doi: 10.1016/j.omtm.2020.05.005

22. Senekovic Kojc T, Marcun Varda N. Novel biomarkers of heart failure in pediatrics. Children (Basel). (2022) 9(5):740. doi: 10.3390/children9050740

23. Homsak E, Gruson D. Soluble ST2: a complex and diverse role in several diseases. Clin Chim Acta. (2020) 507:75–87. doi: 10.1016/j.cca.2020.04.011

24. Savarimuthu S, Goel P, Harky A. Soluble ST2: a valuable prognostic marker in heart failure. Heart Fail Rev. (2022) 27(6):2155–64. doi: 10.1007/s10741-022-10258-2

25. Dudek M, Kaluzna-Oleksy M, Migaj J, Straburzynska-Migaj E. Clinical value of soluble ST2 in cardiology. Adv Clin Exp Med. (2020) 29(10):1205–10. doi: 10.17219/acem/126049

26. Kindermann I, Barth C, Mahfoud F, Ukena C, Lenski M, Yilmaz A, et al. Update on myocarditis. J Am Coll Cardiol. (2012) 59(9):779–92. doi: 10.1016/j.jacc.2011.09.074

27. Lippi G, Salvagno GL, Guidi GC. Cardiac troponins in pediatric myocarditis. Pediatrics. (2008) 121(4):864. author reply -5. doi: 10.1542/peds.2008-0031

28. Ammirati E, Veronese G, Bottiroli M, Wang DW, Cipriani M, Garascia A, et al. Update on acute myocarditis. Trends Cardiovasc Med. (2021) 31(6):370–9. doi: 10.1016/j.tcm.2020.05.008

29. Pomiato E, Perrone MA, Palmieri R, Gagliardi MG. Pediatric myocarditis: what have we learnt so far? J Cardiovasc Dev Dis. (2022) 9(5):143. doi: 10.3390/jcdd9050143

30. Casadonte JR, Mazwi ML, Gambetta KE, Palac HL, McBride ME, Eltayeb OM, et al. Risk factors for cardiac arrest or mechanical circulatory support in children with fulminant myocarditis. Pediatr Cardiol. (2017) 38(1):128–34. doi: 10.1007/s00246-016-1493-5

31. Chen J, Xiao P, Song D, Song D, Chen Z, Li H. Growth stimulation expressed gene 2 (ST2): clinical research and application in the cardiovascular related diseases. Front Cardiovasc Med. (2022) 9:1007450. doi: 10.3389/fcvm.2022.1007450

32. Aimo A, Januzzi Jr JL, Vergaro G, Richards AM, Lam CSP, Latini R, et al. Circulating levels and prognostic value of soluble ST2 in heart failure are less influenced by age than N-terminal pro-B-type natriuretic peptide and high-sensitivity troponin T. Eur J Heart Fail. (2020) 22(11):2078–88. doi: 10.1002/ejhf.1701



OPS/images/fped-13-1417341-t003.jpg
Univariate analysis Multivariate
analysis

Odds ratio (95% Cl) Odds ratio
P-value (95% Cl) P-value
Age 1115 (0915-1359) | 0279
Gender 1746 (0588-5.181) | 0315
Renal insufficiency | 3367 (1.100-10.305) | 0033
(Cr 269 pmol/L)
sST22638ng/ml | 16593 (5.246-52.479)

<0.001 22374

(8.140-61.499)

TNI > 133 ng/L 1.404 (0.429-4.593) | 0.574

NT-proBNP>3182 | 1709 (0.529-5.520) | 0.037 3.208 0024
pg/ml (1.163-8.846)

CRP > 265 mg/L 2.462 (0860-7.049) | 0093
LVEF <40% 2713 (1328-5545) | 0048

Cr, Creatinine; sST2, soluble suppression of tumorigenicity 2; TNL, troponin I; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; CRP, c-reactive protein; LVEF, left ventricular

dlection fucilon.





OPS/images/fped-13-1417341-t001.jpg
non-FM (n = 81) FM (n = 63) Z2z ont P-value
Age () 575+2.84 6.49 = 2.66 -1.593 0113
Male/female (n/n) | 41/40 36127 0607 0436
n (%)

Fever 65 (80.25) 57 (90.48) 2865 0091
symptoms 15 (18.52) 9 (1429) 0457 0499

Respiratory symptoms 6 (741) 10 (1587) 2571 0.109
Fatigue 4(494) 11 (17.46) 4800 0028
Other (dizziness, etc.) 3(3.70) 4(635) 0117 0733

g n (%)
Chest tightness/chest pain 48 (59.26) 41 (65.08) 0509 0476
Dyspnea 15 (1852) 18 (2857) 2207 0154
i 1(123) 9 (1429) 7430 0.006
Vomiting/abdominal pain 7 (864) 9(1429) 1143 0285
Other (crying and irritability, etc.) 11 (13.58) 3 (476) 2215 0137
TNI (ng/ml) 10.00 (7.30,12.90) 1350 (9.80,16.10) -4.366 <0001
NT-proBNP (pg/ml) 2,426.00 (1916.50,2,991.50) 4,880.00 (2,540.00,7,258.00) -4992 <0001
CRP (mg/L) 2070 (12.55,35.80) 3160 (18.80,46.20) -4.001 <0001
SST2 (ng/ml) 38.30 (19.85,55.05) 10440 (68.80,150.10) ~7.950 <0001
Cr (umol/L) 63.47 = 14.41 81.41%19.68 -6312 <0001
dmissi i n (%)
ST 53 (6543) 42 (66.67) 0024 0877
Frequent premature beats 12 (1481) 5(794) 1160 0204
Atrioventricular block 1(123) 5(7.94) 2484 0115
Ventricular tachycardia 0 (0.00) 7 (1111 / 0003
Supraventricular tachycardia 5(617) 2(317) 0193 0.660
Normal 14 (17.28) 2 (317) 5786 0016
LVEF (%) | 5293837 46244846 4735 <0001
LVEF < 40%, n (%) | 7 (8.64) 21(33.33) 13.793 <0001
non-EM, myocarditis; FM, NI, troponin I; NT-proBNP, N-terminal pro-B-type CRP, - protein; bl of

tumorigenicity 2; Cr, Creatinine; LVEF, left ventricular ejection fraction.
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