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Abstract

Background: Serum soluble ST2 levels are elevated early after acute myocardial infarction (AMI) and are associated
with lower pre-discharge left ventricular (LV) ejection fraction and adverse cardiovascular outcomes. Objectives: This
study aimed to evaluate the efficacy of measuring serum soluble ST2 level in prediction of development of heart failure
in patients with acute ST elevation myocardial infarction (STEMI) treated with primary percutaneous coronary
intervention (PPCI). Methods and Results: This study included 24 STEMI patients, with their age ranged from 34 to 72
years with a mean age of 56.71+9.59 years. All of cases underwent successful PPCl. Serum soluble ST2 level was
measured at index presentation and at follow up after 30 days, and assessed the cases clinically. Echocardiography are
used for assessment of development of cardiac muscle dysfunction. Patients diagnosed as having HF had statistically
significant higher levels of ST2 than other patients at 30 days follow up. A highly significant positive correlation was
shown between ST2 level and LVMI. Serum soluble ST2 level revealed significant positive correlation with degree of
diastolic dysfunction at time of presentation. Conclusions: Measurement of serum soluble ST2 level, after acute STEMI
managed with primary PCl can help prediction of both early and delayed onset heart failure development.
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INTRODUCTION

Development of heart failure (HF) after acute ST elevation myocardial infarction (STEMI) is a major cause
of morbidity and mortality [1l. Left ventricular remodeling is a key factor of the development of overt heart
failure and is an important predictor of worse prognosis after STEMI [2, Prediction of LV remodeling and
dysfunction after acute myocardial infarction treated with primary PCI not only depends on angiographic
data involving either epicardial blood flow, by TIMI grade, or myocardial perfusion , by myocardial blush
grade (MBG). Furthermore, it involves a variety of clinical, echocardiographic, and laboratory indicators.
One of promising biomarkers of left ventricular and infarct remodeling after acute myocardial infarction is
Serum soluble ST2 Bl

Some biomarkers considered as a valuable tool that can help physicians to address more efficiently the
management of the different stages of the heart failure, from early detection and diagnosis to risk
prediction and also guiding therapy 451,

Although ST2 effect is strongly belonged to IL-33 mechanism, its action in cardiac muscle is complicated
and not enough clarified. IL-33 produce an anti-hypertrophic action by blocking the mechanism of
angiotesin Il or phenylephrine on myocardium. sST2, by acting as a decoy receptor, reduces the positive
actions of IL-33 6], Thus, an increase in sST2 could reduce the cardioprotective action of IL-33 on

cardiomyocytes and could induce a negative prognostic effect on the overall cardiovascular risk profile [7-
9,

Recent studies have demonstrated soluble ST2 as a cardiovascular biomarker to be a strong predictor of

cardiovascular outcomes in both chronic and acute heart failure through elevation in cases with acute Ml
[6,10-12]
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Serum soluble ST2 predicts cardiac mortality in patients with non-
ischemic heart failure and could be useful especially in patients with
inflammatory background [13], Elevated sST2 concentration may involve
in the progression of atrial fibrillation (AF) as sST2 is probably an
objective biomarker that can predict AF patients' risk of heart failure
1141 Increased sST2 levels were closely related to the risk of adverse
clinical problems in acute HF, but prognostic value of baseline sST2
decreased after control of clinical covariates and amino-terminal pro—
B-type natriuretic peptide. In those with elevated baseline sST2 levels,
maintained high sST2 levels at follow-up were associated with
increased deaths (15,

This study was conducted to evaluate the efficacy of measuring serum
soluble ST2 level in prediction of development of heart failure in
patients with acute ST elevation myocardial infarction (STEMI) treated
with primary percutaneous coronary intervention (PPCI)

MATERIAL AND METHODS
Patients and Methods

This study was carried out at Cardiology department, Specialized
Medical Hospital (SMH), Mansoura, Egypt, in the period from June
2016 to June 2017 after approval of the local ethical committee of
Faculty of Medicine, Mansoura University. This study included 24
STEMI patients all managed via invasive mechanical reperfusion, 15
with anterior STEMI; 5 with inferior STEMI and 4 with inferolaterl
STEMI, with age ranging from 34-72 years old, with a median age of

Table 1: Comparison of demographic data of studied groups

56.71+9.59 years. Patients gave their signed written consents after
detailed explanation of the protocol of the study.

All patients were subjected to the following; 1) History taking and
clinical examination, Il) serial electrocardiographic recordings, Ill)
echocardiographic evaluation including LVEF, EVEDD, LVESD, LVMI,
RSWMAs, D.D and presence of mechanical complications, V)
Measurement of serum soluble ST2 level within 24 hours of index
presentation and after 30 days at follow up visit.

Ethical statement

Study protocol approved by Medical Ethics research Committee of the
faculty of medicine, Mansoura University, Egypt and from the mangers
of the hospital in which the study conducted. Informed written consent
obtained from each participant in the study. Confidentiality and
personal privacy respected in all levels of the study. Collected data will
not be used for any other purpose.

RESULT

The result of this study showed that the males are significantly higher
(79.2%) than females (20.8%) in the studied group. Smoking was the
most prevalent risk factor, followed by hypertension, diabetes mellitus
and obesity. Of the investigated patients, 37.5% had two risk factors,
while 45.8% had three or more risk factors. 54.2% of studied
population had an abnormally high LVMI, with a mean value of 122.46
gm/kg/m2, higher than upper normal limits defined as 115 gm/kg/m?
for males and 95 gm/kg/m? for females (Table 1).

Criteria Study group (n=24)
No. %
Age Mean + SD 56.71+9.59
Min-Max 34-72
Sex Male 19 79.2
Female 5 20.8
Number of risk factors 1 4 16.7
2 9 37.5
3 5 20.8
>3 6 25.0
Left ventricular internal dimensions Normal 20 83.3
Dilated 4 16.7
Left ventricular mass index (LVMI) 122.64+29.85
LVMI interpretation Normal 11 45.8
Mild 1 4.2
Moderate 6 25.0
Sever 6 25.0
Mitral Regurgitation No 14 58.3
Mild 7 29.2
Sever 1 4.2
Moderate 2 8.3
HF No 6 25.0
Yes 18 75.0
HF class HFpEF 8 44.4
HFmrEF 7 38.9
HFrEF 3 16.7

Data expressed as mean  SD or no (%)
n : number, SD : standard deviation.
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Table 2: Comparison of Serum Soluble ST2 Level at 1st day and at 30 days Follow Up

1t 2nd P value
ST2 Median 25.75 26.2 0.830
Min-Max 12.5-117.9 14-74.8

There was no statistically significant difference between ST2 levels at
first contact and at follow up after 30 days (Table 2).

Serum soluble ST2 level revealed significant positive correlation with
degree of diastolic dysfunction at time of presentation (Table 3).

This study proved negative correlation between serum soluble ST2
level after 30 days of PPClI and all of EF, MBG and STR; only the latest
had a statistical significance. A highly significant positive correlation
was shown between ST2 level and LVMI (Table 3). Patients diagnosed

as having HF had statistically significant higher levels of ST2 than other
patients at 30 days follow up (Table 4).

Roc Curve for Prediction of HF by ST 2 Level showed adequate
reliability of test results with an area under the curve (AUC) of 0.824
(Figure 1). The test shows an initially accepted profile with an AUC of
0.82 and accuracy of 70-75%. Kruskal-Wallis was used. No significant
difference was noted in serum soluble ST 2 level among HF subgroups
(Table 4).

Table 3: Correlation between serum sST2 level in first 24 hours and at 30 days follow up visit after STEMI onset and other parameters

Item ST2in 1% 24 hours ST2 at Follow up visit
R P R P
Killip 0.040 0.851
Ejection fraction in 1t 24 hours 0.265 0.211
Ejection fraction at 30 days follow up 0.060 0.780
GRACE score -0.113 0.599
Diastolic dysfunction at 1t 24 hours 0.422 0.04*
maximum CPK 0.124 0.563
NYHA class at F.U 0.494 0.014*
Ejection fracionat follow up -0.067 0.757
Diastolic dysfunction at follow up 0.410 0.047*
ST segment resolution -0.453 0.026*
MBG -0.224 0.293
Left ventricular mass index 0.874 <0.001**
ROC Curve Reference Line
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Figure 1: Roc Curve for Prediction of HF by serum ST 2 Level
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Table 4: Relation between serum ST2 levels at 30 days follow up assessment and HF Class

No HF (n HF (n=18) p-value HFpEF (n=8) HFmrEF (n=7) HFrEF (n=3) p-value
=6)
ST2 Median 221 27.35 0.02* 27.05 26.6 28.1 0.955
Min-Max 14-27.1 18.9-74.8 21.6-74.8 18.9-37.1 25.1-32

DISCUSSION

In this study, the incidence of HF within 30 days of onset of STEMI was
75% of cases, which is higher than previous studies showing 28-46% [16]
and 31-39% [Y71, The higher incidence of HF in our work can be
explained by dominance of anterior MI making up 63% of cases,
integrated diagnosis of HF in the context of clinical, echocardiographic
and biochemical parameters, and comprehensive approach to HF in the
form of HFrEF, HFmrEF and HFpEF (8],

In this study, we tried to establish clear correlation between LV
function and serum soluble ST 2 level. Patients diagnosed as having HF
had statistically significant higher levels of serum sST2 than other
patients at 30 days follow up. We identified a cut off level of 25.8
ng/ml in human serum with an initially accepted sensitivity of 66.7%, a
sufficient specificity of 83.3%, AUC of 0.824 and an overall test
accuracy of 70%. A lower cut off value of 18.95 ng/ml revealed a
higher sensitivity of 94.4% but on the expense of lower specificity. sST
2 level could be a valuable prognostic marker in risk stratification of
patients with MI, HF and dyspnea. Involvement of serum soluble ST2 in
a multi-marker approach with NT-pro BNP and cardiac Tn can yield a
higher prognostic value.

In contrast to previous studies which illustrated a cost effective benefit
of serial measurement of sST2 level after MI [29], This study revealed no
specific pattern of change in ST2 level after reperfusion. This is mostly
due to limited number of cases in our study plus obtaining only two
measurements at 0 and 30 days in contrast to 4 measurements in O,
12, 30 and 180 days after STEMI onset

However, there was no significant difference between the three classes
of HF. This can be explained by involvement of IL 33 / ST 2 pathway in
multiple pathophysiological mechanisms in regulating myocardial
dysfunction after MI. In accordance with previous trials [2022], we failed
to prove direct significant relation between sST 2 level and LVEF. A
significant relation was found between ST 2 level and degree of D.D
and LVMI. This goes with the findings that a decrease in serum sST 2
level with progressive functional recovery and reverse remodeling 1231,

CONCLUSION

Measurement of serum soluble ST2 level, after acute STEMI managed
with primary PCl can help prediction of both early and delayed onset
heart failure development. This can aid risk stratification of STEMI
patients for development of heart failure, thus guide early
administration of adjuvant therapy in peri-procedural period and
starting anti-remodelling pharmacological treatment on first admission
and on discharge.

Acknowledgment

We express our sincere gratitude to the patients who participated in
the study. We thank the technical staff at Mansoura Specialized
Medical Hospital, Mansoura, Egypt for their excellent technical
assistance.

Author Contributions

A.H.E.; AR.E., T.E.S.,, EEM.A.D.: research plan design, data collection
and manuscript writing; A.R.E., T.E.S., E.M.A.D.: acquisition, analysis,
and interpretation of data; A.H.E.; A.R.E., T.E.S., E.M.A.D.: participated

in manuscript revision. All authors have read and approved the
manuscript and the full disclosure of any relationship with industry is
declared.

Funding

Not applicable.

Disclosure

The authors have no conflict of interest to declare.
REFERENCES

1. Weintraub NL, Collins SP, Pang PS, et al. Acute heart failure
syndromes: emergency department presentation, treatment, and
disposition: current approaches and future aims: a scientific
statement from the American Heart Association. Circ.
2010;122(19):1975-1996.

2. Minicucci MF, Azevedo PS, Polegato BF, Paiva SA, Zornoff LA. Heart
failure after myocardial infarction: clinical implications and
treatment. Clin Cardiol. 2011;34(7):410-414.

3. Varga-Szemes A, Meinel FG, De Cecco CN, Fuller SR, Bayer RR, 2nd,
Schoepf UJ. CT myoc perfusion imag. AJR Am J Roentgenol.
2015;204(3):487-497.

4.  Vallejo-Vaz AJ. Novel Biomarkers in Heart Failure Beyond Natriuretic
Peptides The Case for Soluble ST2. Europ Cardiol Rev.
2015;10(1):37.

5.  El-Adawy AH, Mohamad ATH, Rizk EA, Marzouk HFA. Linkage of some
trace elements and cardiac markers in assessment of acute coronary
syndromes. J Cardiovasc Dis Res. 2018;9(3):134-140.

6.  Villacorta H, Maisel AS. Soluble ST2 Testing: A Promising Biomarker in
the Management of Heart Failure. Arq Bras Cardiol. 2016;106(2):145-
152.

7. Ciccone MM, Scicchitano P, Zito A, et al. Correlation between
coronary artery disease severity, left ventricular mass index and
carotid intima media thickness, assessed by radio-frequency.
Cardiovascular ultrasound. 2011;9:32.

8.  Sanchez-Mas J, Lax A, Asensio-Lopez Mdel C, et al. Modulation of IL-
33/ST2 system in postinfarction heart failure: correlation with
cardiac remodelling markers. Eur J Clin Invest. 2014;44(7):643-651.

9.  Upadhyay RK. Emerging risk biomarkers in cardiovascular diseases
and disorders. J Lipids. 2015;2015:971453.

10. Broch K, Leren IS, Saberniak J, et al. Soluble ST2 is associated with
disease severity in arrhythmogenic right ventricular cardiomyopathy.
Biomarkers. 2017;22(3-4):367-371.

11. Diez J. Serum soluble ST2 as a biochemical marker of acute heart
failure: future areas of research. J Am Coll Cardiol. 2008;52(18):1466-
1467.

12. Suryadevara K, George M, Jena A, Dhandapani V, Damodharan N, J J.
Evaluation of soluble ST2 as a novel cardiovascular biomarker in
patients with acute myocardial infarction. Int J Res Med Sci.
2016;4(12):5297-5301.

13. Binas D, Daniel H, Richter A, et al. The prognostic value of sST2 and
galectin-3 considering different aetiologies in non-ischaemic heart
failure. Open heart. 2018;5(1):e000750.

14. Ma X, Yuan H, Luan HX, Shi YL, Zeng XL, Wang Y. Elevated soluble ST2
concentration may involve in the progression of atrial fibrillation. Clin
Chim Acta. 2018;480:138-142.

15. Tang WH, Wu Y, Grodin JL, et al. Prognostic Value of Baseline and
Changes in Circulating Soluble ST2 Levels and the Effects of Nesiritide
in  Acute Decompensated Heart Failure. JACC Heart Fail.
2016;4(1):68-77.

16. Desta L, Jernberg T, Lofman |, et al. Incidence, temporal trends, and
prognostic impact of heart failure complicating acute myocardial
infarction. The SWEDEHEART Registry (Swedish Web-System for

243



17.

18.

19.

20.

21.

22.

23.

Enhancement and Development of Evidence-Based Care in Heart
Disease Evaluated According to Recommended Therapies): a study of
199,851 patients admitted with index acute myocardial infarctions,
1996 to 2008. JACC Heart Fail. 2015;3(3):234-242.

Ezekowitz JA, Kaul P, Bakal JA, Armstrong PW, Welsh RC, McAlister
FA. Declining in-hospital mortality and increasing heart failure
incidence in elderly patients with first myocardial infarction. J Am
Coll Cardiol. 2009;53(1):13-20.

Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure: The Task
Force for the diagnosis and treatment of acute and chronic heart
failure of the European Society of Cardiology (ESC). Developed with
the special contribution of the Heart Failure Association (HFA) of the
ESC. Eur J Heart Fail. 2016;18(8):891-975.

Barbarash O, Gruzdeva O, Uchasova E, et al. Prognostic Value of
Soluble ST2 During Hospitalization for ST-Segment Elevation
Myocardial Infarction. Ann Lab Med. 2016;36(4):313-319.

Ky B, French B, Levy WC, et al. Multiple biomarkers for risk prediction
in chronic heart failure. Circ Heart Fail. 2012;5(2):183-190.
Manzano-Fernandez S, Mueller T, Pascual-Figal D, Truong QA, Januzzi
JL. Usefulness of soluble concentrations of interleukin family
member ST2 as predictor of mortality in patients with acutely
decompensated heart failure relative to left ventricular ejection
fraction. Am J Cardiol. 2011;107(2):259-267.

Rehman SU, Mueller T, Januzzi JL, Jr. Characteristics of the novel
interleukin family biomarker ST2 in patients with acute heart failure.
J Am Coll Cardiol. 2008;52(18):1458-1465.

Weir RA, Miller AM, Murphy GE, et al. Serum soluble ST2: a potential
novel mediator in left ventricular and infarct remodeling after acute
myocardial infarction. J Am Coll Cardiol. 2010;55(3):243-250.

244



