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Abstract

Background: Left ventricle remodeling (LVR) is an important prognosis post acute myocardial infarction
(AMI). Soluble ST2 is a novel biomarker for myocardial fibrosis and left ventricular remodeling. Global
Longitudinal Strain (GLS) which is a reflection of the longitudinal layer of cardiac muscle can be detected
in the early ischemia phase, and has been proven to predict the occurrence of left ventricular remodeling
post AMI. Objective: To identify the association between soluble ST2 basal and GLS with LVR post AMI.
Method: This research was conducted from August to December 2015. This is an analytic observational
study with one group pretest and post test design. Soluble ST2 and GLS examinations were performed twice
(2-5 days after AMI and 12 weeks after therapy). The results were analyzed using Spearman’s correlation
test. Result: The sample size was 45 respondents (82.2% males, average age of 55.47 + 10.13 years, 84.4%
STEMI). There was a strong correlation between high ST2 basal levels with LVR (p = 0.0001 r = +0.723)
and AST2 with LVR (p = 0.0001 r = 0.639). The association of low GLS with LVR was p=0.015andr=+
0.362. Conclusion: A significant LVR was found post-AMI, the high soluble ST2 basal and low GLS basal

may be a factor for predicting LVR.
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Introduction

Heart disease is the main death leading cause
worldwide. In the United States, acute coronary
syndromes occur every 34 seconds resulting death in
every minute !. Indonesia’s Health Profile 2009 released
by the Health Ministry of the Republic Indonesia
reported that in 2008, vascular system disease took the
highest place (11.06%) of all death causes in hospitals 2.

Acute myocardial infarction (AMI) causes
myocardial regional damage leading to systolic
dysfunction, after an infarction then left ventricular
remodeling (LVR) occurs. LVR is associated with
high cardiovascular cases including heart failure.
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The characteristics are progressive left ventricular
dilatation (LVESV) >15% or >20% (LVEDV). Several
epidemiological studies and clinical studies suggested
that heart failure was a 30-40% complication of AMI.
The incidence of left ventricular systolic dysfunction
(LVSD) after myocardial infarction was still poorly
documented, but LVSD appeared in 25-60% of AMI,

and 50% of patients with LVSD would have heart failure
3.4

Echocardiography is an affordable screening tool
and can be used to study the regional and global functions
of the left ventricle on AMI. Left ventricular ejection
fraction (LVEF) measured by Simpson biplane method
at the time of hospitalization is a well-known marker for
left ventricular global function and predicting short-term
or long-term morbidity and mortality of AMI patients.
2D Speckle Tracking Echocardiography (2D-STE) is a
new non-invasive method of ultrasonic imaging capable
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of quantitatively and objectively assessing the global
and regional function of myocardium in both systolic
and diastolic function. This modality is considered
more sensitive and accurate in predicting or detecting
the presence of coronary heart disease. The change of
regional function occurs earlier than the global damage,
and can be detected by 2D STE. Examination with 2D

STE is done by the per segmental strain and strain rate
5,6

Longitudinal strains disturbed earlier at the time of
ischemia. Studies in AMI patients found that longitudinal
strains were associated with peak level cTt and extensive
infarction. Longitudinal strains measurement after
reperfusion is a very good predictor of LV remodeling,
heart failure and mortality 7*. Another study showed a
Global Longitudinal Strain (GLS) examination before
reperfusion could also predict LV remodeling and
complications in STEMI patients °.

Biomarkers become an important thing in improving
the accuracy of diagnosis and providing disease
information therefore it can determine the appropriate
treatment options '°. The soluble ST2 (Interleukin 1
like receptor) is part of IL-1 receptor (IL-1R) consisting
of ST2 transmembrane (ST2L) and dissolved (sST2).
The soluble ST2 has no transmembrane or intracellular
domains and is thought to have a function as a bait
receptor neutralizing 1L-33, known as the ligand of
ST2 transmembrane. IL-33 has a function of inhibiting
hypertrophy effect on cardiomyocytes and otherwise on
the soluble ST2 giving excessive intracardiac pressure
on marmots. The data showed that cardiac protection
role was from IL-33/ST2 signal pathway *.

SST2 biomarkers for myocardial fibrosis had been
included in the ACC/AHA guideline for monitoring
heart failure patients '!. Increased soluble ST2 in AMI
patients suggested that a good myocardium acquired
additional hemodynamic pressure as compensation for
the necrotic area. An increase of baseline sST2 >35 ng/L
was an independent predictor of mortality, sudden death
and heart failure within 30 days and demonstrated sST2
biomarker’s role in providing prognostic information of
acute coronary syndromes patients. SST?2 role studies in
ST Elevation Myocardial Infarction (STEMI) patients
showed an increase of initial SST2 level indicating
mortality risk and heart failure in patients treated with
both fibrinolysis and percutaneous coronary intervention
(PCI) 12,13

Method

Respondents in this study were AMI patients who
underwent treatment at ICCU and inpatient unit Dr.
Soetomo General Hospital Surabaya, Indonesia. The
respondents should meet the inclusion criteria: >18 years,
meet AMI criteria and without heart failure symptom
(Killip I), given AMI standard therapy (revascularization
with PCI or thrombolytic, or medicamentally with
anticoagulant, antiplatelet, B-blocker, ACE- I or ARB
and Statin) and exclusion criteria: AMI patients with
Killip >I, had previous AMI and heart failure, sepsis
patients, hepatic cirrhosis, anemia, stroke,
malignancy, valvular heart disease, arrhythmia and not
in critical condition. The respondents were willing to fill
in informed consent

acute

This research was conducted from August to
December 2015. Selected patients were recorded and
followed up. Records included: identity, diagnosis,
additional examination results. Follow up included:
echocardiography and soluble ST2 levels. The data
were analyzed in accordance with the independent and
dependent variables to enforce the hypothesis. Statistical
analysis used was spearman correlation test with a =
0.05 using computer program SPSS version 21.0 (SPSS,
Inc., Chicago, IL).

Results

The sample size was 45 people, 37 men (82.2%).
The youngest was 36 years and the oldest was 80 years
and the most subjects by age category was 51-60 years
as many as 14 people (31.1%). The highest risk factors
of AMI were 43 dyslipidemia (93.3%), 33 smoking
(73.3%), 19 diabetes (42.2%), and 9 CHD (20%). The
most common type of AMI was STEMI 38 people
(84.4%). Then the most therapy given was conservative
of 17 people (37.7%), PPCI of 12 people (26.7%),
thrombolytic of 10 people (23.3%) and PCI of 6 people
(13.3%). All patients were given ASA therapy at home,
Clopidogrel and Statin (100%), while those who received
Ace Inhibitor were 36 people (80%) and Beta blockers
were 21 people (46.7%; Table 1).
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Table 1. Descriptive Data

Variables Mean Mean (SD)
31-40 3(6.7)
41-50 12 (26.7)
Age (year) 51-60 14 (31.1)
61-70 13 (28.8)
71-80 3(6.7)
Male 37 (82.2)
Sex
Female 8(17.8)
Hypertension 28 (62.2)
Smoking 33 (73.3)
Risk Factors Dyslipidemia 19 (42.2)
Diabetes 42 (93.3) 55.47+10.13
CHD 9 (20.0)
. . STEMI 38 (84.4)
Diagnosis
NSTEMI 7 (15.6)
PPCI 12 (26.7)
Thrombolytic 10 (22.3)
Therapy
PCI 6 (13.3)
Conservative 17 (37.7)
ASA 45 (100)
Clopidogrel 45 (100)
Medication at Home ACEI/ARB 36 (80)
Beta Blocker 21 (46.7)
Statin 45 (100)

Analysis of echocardiographic characteristic
difference obtained from not normally data distribution
was used by Mann Whitney U Test. There was an
increase of LVEDV from 76 + 29.69 ml/m2 to 98.11 +
36.84 ml/m2 of subjects undergoing LVR compared to
non LVR (p=0.003), LVESV was increased from 40.89

+ 23.89 ml/m2 to 51.96 + 26.43 ml/m2 (p = 0.006) The
basal value of soluble ST2 was much higher in LVR 34
(12-71) ng/mL (p = 0.0001). The basal value of GLS
was lower in those with LVR -10.0 (-20-3) compared to
non LVR (p=10.017; Table 2).
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Table 2. Table of Echocardiography and Soluble ST2 Characteristics

Variables LVR (+) N=27 LVR () N=18 f;s(i\)’[a““ Withney U
Basal LVEF Biplane (%) 52 (26-71) 51.(27-64) 0.437
Basal LVEF Biplane (%) 51 (29-67) 53.5 (28-67) 0.610
Basal Soluble ST2 (ng/mL) 34 (12-71) 13.5 (9-29) 0.0001
Basal Soluble ST2 (ng/mL) 11.55 (2.89-40.89) 9.95 (6.06-33.09) 0.300
Basal GLS -10.0 (-20--3) 213.5 (-20--3) 0.017
GLS 12 weeks 2120 (-19--4) -13.5 (-20--6) 0.108
Basal LVEDV (ml/m2) 76 +29.69 76.06 +27.88 0.889
LVEDV 12 weeks (ml/m2) 98.11 + 36.84 67.56 + 2626 0.003
Basal LVESV (ml/m2) 40.89 + 23.89 3928 + 22,28 0.908
LVESV 12 weeks (ml/m2) 51.96 + 26,43 32.94£15.19 0.006

Based on the type of AMI the most subjects who experinced LVR were patients with NSTEMI (6 people), then
inferior STEMI (6 people), anteroseptal STEMI (4 people), broad anterior STEMI, anterior, inferior VR posterior (2

people), and the rest was STEMI inferior and anteroseptal inferior (1 person).

Table 3. Correlation between basal levels of LVEF biplane and LVR

Variable p r n

Basal LVEF 0.44 0.117 45
Table 4. Correlation between basal soluble ST2 and LVR

Variable p r n

Basal ST2 0.0001 0.723 45
Table 5. Correlation between A soluble ST 12 weeks and LVR

Variable p r n

Basal ST2 0.001 -0.639 45

Table 6. Correlation between basal GLS levels and LVR

Variable

Basal ST2

0.015

0.362

45
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Statistical analysis of not normally distributed data
using Spearman correlation showed no correlation
between LVEF and LVR (p =0.44; r =0.117; Table 3).
Statistical analysis using Spearman correlation obtained
significant correlation between soluble ST2 and LVR
(p = 0.0001; r = + 0.723; Table 4). It also obtained
significant correlation between A soluble ST2 in 12
weeks with LVR (p = 0.001; r = 64%; Table 5). The
analysis showed correlation between basal level of GLS
with LVR (p=0.015; r =+ 0.362; Table 6).

Discussion

In this study, the incidence of LVR was 27 people
(60%), more than in the previous study, probably it
caused by the subjects used were all primary PCI and
PCI, and aggressive antiremodelling drugs, whereas in
this study most of them received conservative therapy
because most of the AMI patients came more than 24
hours, thus passing the onset of doing reperfusion either
mechanically or pharmacologically '4. In addition, not
all patients wanted to do reperfusion for cost reasons.
In the study found 29/93 patients who experienced
remodeling (31%) °.

An increase of LVEDV >20% from basal or an
increase in LVESV >15% from the basal were the criteria
used in LVR such as in the previous study '“'®. LVEDV
values after 12 weeks were increased, it was higher in
LVR compared to non LVR. This was consistent with
previous studies either associated with GLS or soluble
ST2 (p = 0.003), as well as LVESV after 12 weeks (p
= (0.006). This was similar to the previous study, there
was an increase in LVEDV and LVESV after 90 days on
AMI patients treated with PPCI. Basal level of soluble
ST2 and GLS were also significant in LVR (p = 0.0001
and p = 0.017 respectively) *. In the study there was an
increase in LVEDV after 8 weeks from 36 + 6 to 56 + 22
with p <0.05, and LVESV from 20 + 5 to 33 = 18 with
p <0.05 7.

NSTEMI and inferior STEMI were the most infarct
type of LVR in the study, It was similar with this study,
most of them were NSTEMI and inferior STEMI patients
14 Literature states that infrak areas often experience
remodeling if the infarction is widespread or spreading
to LAD, but it is also said that diabetes, smoking, and
previous infarction also often lead to LVR after AMI '8,

This study found a significant correlation between
basal level soluble ST2 and LVR (p = 0.0001; r = +
0.723). The previous study found an increase in basal

soluble ST2 was associated with a change in LVEDV
after 24 weeks that was measured by Cardiac Magnetic
Resonance (CMR) proving that the increase in basal ST2
soluble was associated LVR. In the study basal soluble
ST2 was also associated with lower basal LVEF after
AMI. Changes in ST2 after 12 weeks (AST2) were also
associated with ALVEDV after 24 weeks '°.

Study of ST2 roles in STEMI patients showed an
increased of initial ST2 level indicating mortality and
heart failure risk in patients treated with both fibrinolysis
and PCI /9 . GLS basal had weak correlation (p =
0.015 r=+0.362). This was similar to previous research
that obtained a correlation between GLS and LVR 4,
Many studies using STE to predict LVR, either with
GLS, torque or circumferential '4!%1%. STEMI patients
treated with PPCI found that the GLS examination
at the time before the patient was repatriated was a
novel examination to predict the occurrence of LVR.
In patients with decreased GLS, LVR was obtained
after 3 months and 6 months . A study obtained a low
basal GLS -11.05 + 4.1 in LVR compared to non LVR
-15.2 + 3.2 with p <0.001 2!, This study only used GLS
because of measurement limitation of echocardiography
in Dr.Soetomo General Hospital Surabaya.

Generally, longitudinal LV mechanics, which are
influenced largely by subendocard region, are the most
vulnerable components of global LV mechanics because
they are very sensitive to the presence of myocardial
disease. Single longitudinal mechanical assessment is
more adequate in early myocardial disease or has not
shown significant abnormalities. The subendocardium
region is the most remote area of perfusion therefore it is
susceptible to hypoperfusion and ischaemia *>.

Conclusion

There was a positive correlation between basal
soluble ST2 and LVR after AMI and there was a negative
correlation between basal GLS and LVR after AML.

Ethical Clearance: This study protocol was
approved by ethical clearance Dr.Soetomo Surabaya,
Indonesia teaching hospital research.

Conflict of Interest: The author reports no conflict
of interest of this work.

Source of Funding: This study is done with
individual funding.



244

Indian Journal of Forensic Medicine & Toxicology, January-March 2020, Vol. 14, No. 1

References

Goachet AG, Julliand V. Implementation of field
cardio-respiratory measurements to assess energy
expenditure in Arabian endurance horses. animal.
2015;9(5):787-92.

Data P, Kemkes SES, Jenderal IKKS. Profil
Kesehatan Indonesia Tahun 2009-[BUKU].
Pusat Data dan Surveilans Epidemiologi Setjen
Kementerian Kesehatan RI; 2010.

Velazquez EJ, Francis GS, Armstrong PW,
Aylward PE, Diaz R, O’Connor CM, et al. An
international perspective on heart failure and left
systolic  dysfunction complicating
myocardial infarction: the VALIANT registry. Eur
Heart J. 2004;25(21):1911-9.

Weir RAP, McMurray JJ V, Velazquez EJ.
Epidemiology of heart failure and left ventricular
systolic dysfunction after myocardial
infarction: prevalence, clinical characteristics,
and prognostic importance. Am J Cardiol.
2006;97(10):13-25.

Ryczek R, Krzesinski P, Krzywicki P, Smurzynski
P, Cwetsch A. Two-dimensional longitudinal
strain for the assessment of the left ventricular
systolic function as compared with conventional
echocardiographic methods in patients with acute
coronary syndromes. Kardiol Pol (Polish Hear
Journal). 2011;69(4):357-62.

Geyer H, Caracciolo G, Abe H, Wilansky S, Carer;j
S, Gentile F, et al. Assessment of myocardial
mechanicsusingspeckletrackingechocardiography:
fundamentals and clinical applications. ] Am Soc
Echocardiogr. 2010;23(4):351-69.

Sjeli B, O S, Grenne B, Ihlen H, Edvardsen
T, Brunvand H. Diagnostic capability and
reproducibility of strain by Doppler and by speckle
tracking in patients with acute myocardial infarction.
JACC Cardiovasc Imaging. 2009;2(1):24-33.

Park YH, Kang S-J, Song J-K, Lee EY, Song J-M,
Kang D-H, et al. Prognostic value of longitudinal
strain after primary reperfusion therapy in patients
with anterior-wall acute myocardial infarction. J
Am Soc Echocardiogr. 2008;21(3):262—7.

Woo JS, Kim W-S, Yu T-K, Ha SJ, Kim SY,
Bae J-H, et al. Prognostic value of serial global
longitudinal strain measured by two-dimensional
speckle tracking echocardiography in patients with
ST-segment elevation myocardial infarction. Am J

ventricular

acute

10.

11.

12.

13.

14.

15.

16.

17.

18.

Cardiol. 2011;108(3):340-7.

Chan D, Ng LL. Biomarkers in acute myocardial
infarction. BMC Med. 2010;8(1):34.

Yancy CW, Jessup M, Bozkurt B, Butler J,
Casey DE, Drazner MH, et al. 2013 ACCF/AHA
guideline for the management of heart failure:
executive summary: a report of the American
College of Cardiology Foundation/American Heart
Association Task Force on practice guidelines. J
Am Coll Cardiol. 2013;62(16):1495-539.

Shimpo M, Morrow DA, Weinberg EO, Sabatine
MS, Murphy SA, Antman EM, et al. Serum levels
of the interleukin-1 receptor family member
ST2 predict mortality and clinical outcome
in acute myocardial infarction. Circulation.
2004;109(18):2186-90.

Sabatine MS, Morrow DA, Higgins LJ,MacGillivray
C, Guo W, Bode C, et al. Complementary roles for
biomarkers of biomechanical strain, ST2 and NT-
proBNP, in patients with ST-elevation myocardial
infarction. Circulation. 2008;117:1936-44.

Liszka J, Haberka M, Tabor Z, Finik M,
Gasior Z. Two-dimensional speckle-tracking
echocardiography assessment of left ventricular
remodeling in patients after myocardial infarction
and primary reperfusion. Arch Med Sci AMS.
2014;10(6):1091.

Weir RAP, Miller AM, Murphy GEJ, Clements S,
Steedman T, Connell JMC, 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):243-50.

Hung C-L, Verma A, Uno H, Shin S-H,
Bourgoun M, Hassanein AH, et al. Longitudinal
and circumferential strain rate, left ventricular
remodeling, and prognosis after myocardial
infarction. J Am Coll Cardiol. 2010;56(22):1812—
22.

Sun JP, Niu J, Chou D, Chuang H-H, Wang K,
Drinko J, et al. Alterations of regional myocardial
function in a swine model of myocardial infarction
assessed by echocardiographic 2-dimensional strain
imaging. ] Am Soc Echocardiogr. 2007;20(5):498—
504.

Zornoff LAM, Paiva SAR, Duarte DR, Spadaro J.
Ventricular remodeling after myocardial infarction:

concepts and clinical implications. Arq Bras
Cardiol. 2009;92(2):157-64.



19.

20.

Indian Journal of Forensic Medicine & Toxicology, January-March 2020, Vol. 14, No. 1 245

Jang JY, Woo JS, Kim W-S, Ha SJ, Sohn IS,
Kim W, et al. Serial assessment of left ventricular
remodeling by measurement of left ventricular
torsion using speckle tracking echocardiography
in patients with acute myocardial infarction. Am J
Cardiol. 2010;106(7):917-23.

Joyce E, Hoogslag GE, Leong DP, Debonnaire
P, Katsanos S, Boden H, et al. Association
between left ventricular global longitudinal strain
and adverse left ventricular dilatation after ST-

21.

segment—elevation myocardial infarction. Circ
Cardiovasc Imaging. 2014;7(1):74-81.
Zaliaduonyte-Peksiene D, Simonyte S, Lesauskaite
V, Vaskelyte J, Gustiene O, Mizariene V, et al.
Left ventricular remodelling after acute myocardial
infarction: Impact of clinical, echocardiographic
parameters and polymorphism of angiotensinogen
gene. J Renin-Angiotensin-Aldosterone Syst.
2014;15(3):286-93.



