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A b s t r a c t

Introduction: The study aimed to evaluate the prevalence and predictors of left ventricular (LV) reverse remodeling and its im-
pact on long-term prognosis in patients with anterior ST-segment elevation myocardial infarction (STEMI).

Aim: To assess the percentage of reverse remodeling and its prognostic factors in anterior STEMI patients.
Material and methods: This observational study included 40 patients with first ever STEMI of the anterior wall. LV reverse 

remodeling was defined as the reduction of left ventricular end-systolic volume (ΔLVESV) by ≥ 10% in 3D transthoracic echocardi-
ography (3D-TTE) at 3-month follow-up. 3D-TTE and speckle tracking imaging were performed during index hospitalization, while 
3D-TTE and cardiac magnetic resonance (CMR) were performed at 3 months following the procedure. Patients were followed up for 
a median time of 3.4 years in order to evaluate major adverse cardiovascular events.

Results: Left ventricular reverse remodeling at 3-month follow-up was confirmed in 15 (37.5%) patients. The presence of reverse 
remodeling was predicted by lower troponin levels (unit OR = 0.86, p = 0.02), lower sum of ST-segment elevations before (unit  
OR = 0.87, p = 0.03) and after PCI (unit OR = 0.40, p = 0.03), lower maximal ST-segment elevation after PCI (unit OR = 0.01, p = 0.03), 
lower wall motion score index (unit OR 0.40, p = 0.03) and more negative anterior wall global longitudinal strain (unit OR = 0.88,  
p = 0.045). Nine MACE were reported in the without reverse remodeling group only. Non-significantly better event-free survival in 
the reverse remodeling group was demonstrated (log-rank p = 0.07).

Conclusions: Development of reverse modeling in patients with optimal revascularization and tailored pharmacotherapy is 
relatively high. Further studies are warranted in order to adjudicate its prognostic role for the prediction of adverse events.

Key words: global longitudinal strain, cardiac magnetic resonance imaging, acute myocardial infarction/ST-segment elevation 
myocardial infarction, reverse remodeling, 3D transthoracic echocardiography, anterior global longitudinal strain.

S u m m a r y

The publication concerns the novel issue connected with late follow-up after myocardial infarction – reverse remodeling. 
It leads to improvement of myocardial function and takes place in the first 3–6 months after myocardial infarction (MI). There 
are limited data about reverse remodeling after MI and its influence in terms of clinical effects, adverse events and quality of 
life. The paper presents prediction of reverse remodeling in a small, narrowly selected group of ST-segment elevation myocar-
dial infarction patients.

Introduction
Despite rapid progress in percutaneous coronary in-

terventions (PCI), a  certain proportion of patients with 

acute coronary syndromes (ACS) exhibit clinically rele-
vant left ventricular (LV) dysfunction within the area sup-
plied by the affected coronary artery. According to former 
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studies, about 20–30% of patients with ST-segment ele-
vation myocardial infarction (STEMI) treated with prima-
ry PCI suffer from considerable myocardial injury, which 
leads to adverse remodeling. In turn, this corresponds 
with the increased risk of major adverse cardiovascular 
events [1, 2].

The final area of myocardial infarction is inextrica-
bly connected with the occurrence of long-term compli-
cations, such as heart failure and malignant ventricular 
arrhythmias, translating to impaired quality of life and 
increased mortality. This refers in particular to anterior 
wall STEMI, which is caused by acute occlusion of the left 
anterior descending (LAD) artery and confers a large area 
of necrosis and LV remodeling and further systolic and dia-
stolic dysfunction [3, 4]. The process of LV wall remodeling 
substantially increases the risk of major adverse cardio-
vascular events (MACE), including death. Pharmacological 
management of STEMI in the form of angiotensin-convert-
ing enzyme inhibitors (ACEI), β-blockers and mineralocor-
ticoid receptor antagonists (MRA) leads to the reduction 
of the extent of pathological LV remodeling. Recently the 
concept of reverse remodeling was established, which is 
defined as the decrease of LV end-systolic volume (LVESV) 
by ≥ 10% in relation to the baseline value [5, 6]. Reverse 
remodeling is thought to be triggered by early myocardial 
revascularization and adequately tailored pharmacother-
apy and conditioned by preserved microvascular flow 
within the infarction zone [6]. Of note, reverse remodeling 
was associated with a  favorable response to cardiac re-
synchronization therapy (CRT) and improved prognosis in 
patients with heart failure [7]. More importantly, reverse 
remodeling was linked to improved long-term prognosis in 
patients with acute myocardial infarction [8]. However, its 
determinants have not been fully understood so far.

Aim
Accordingly, the aim of the study was to evaluate 

the prevalence and predictors of the phenomenon of LV 
reverse remodeling and investigate its association with 
MACE at 4-year follow-up in patients with anterior wall 
STEMI treated with primary PCI. 

Material and methods
This prospective observational study was conducted 

in the First Department of Cardiology, Medical Universi-
ty of Silesia in Katowice and included 40 patients with 
the first ever acute STEMI of anterior wall with the onset 
of symptoms within 12 h preceding hospital admission 
and acute occlusion of the left anterior descending ar-
tery (TIMI 0 flow during initial coronarography in every 
patient). The patients were admitted between 2011 and 
2013. The mandatory inclusion criteria were successful 
reperfusion with primary PCI reflected by TIMI 3 coronary 
flow grade at the end of the procedure and sufficient 
quality of echocardiographic imaging. Exclusion criteria 

consisted of: a) former myocardial infarction; b) hypertro-
phic cardiomyopathy; c) heart rhythm different than sinus 
rhythm; d) obesity (body mass index (BMI) > 30 kg/m2);  
e) contraindications to cardiac magnetic resonance im-
aging and/or gadolinium use. 

All the enrolled patients granted their written in-
formed consent for participation in the study and per-
sonal data processing. The study protocol was approved 
by the local Ethics Committee and the study adhered to 
the Declaration of Helsinki.

On admission patients with anterior wall STEMI [9] 
were diligently screened for inclusion and exclusion cri-
teria. Data regarding demographic, clinical, laboratory 
and electrocardiographic variables were gathered in all 
the applicable patients. Three-dimensional transthorac-
ic echocardiography (3D-TTE) was performed: at admis-
sion, at discharge and at 3-month follow-up. The study 
population was categorized into: a) patients with reverse 
remodeling defined as the reduction of left ventricular 
end systolic volume (LVESV) by ≥ 10% at 3-month obser-
vation; and b) patients with confirmed < 10% reduction 
or even increase of LVESV at 3-month follow-up.

Additionally, patients underwent cardiac magnetic res-
onance imaging (CMR) at 3-month follow-up in order to 
determine the mass of the infarct area relative to total left 
ventricular mass (LVM). Large myocardial infarction was 
defined as one covering ≥ 20% of LVM [10–12].

Following index hospitalization and echocardio-
graphic and CMR check-up at 3 months, patients were 
subject to 4-year follow-up in order to obtain the rate of 
combined end-point of MACE defined as: death, urgent 
coronary revascularization, myocardial infarction and 
hospitalization due to acute decompensated heart fail-
ure. In addition, at 4 years, patients were interviewed to 
establish current symptomatology according to the New 
York Heart Association scale (NYHA) and Canadian Car-
diovascular Society scale (CCS). 

The association between baseline demographic and 
clinical parameters, as well as the presence of reverse 
remodeling at 3 months, and MACE rate at 4 years, was 
assessed. Furthermore, the link between baseline demo-
graphic, clinical, electrocardiographic and echocardio-
graphic variables and the presence of reverse remodeling 
at 3 months was adjudicated. 

Electrocardiography 
A series of standard 12-lead electrocardiograms was 

performed in all patients before PCI and directly after the 
procedure so as to assess the maximal ST-segment ele-
vation, as well as the sum of ST-segment elevations in 
all leads. 

Echocardiography
3D TTE was performed using a volumetric sector trans-

ducer (GE Vingmed Ultrasound, Horten, Norway). The probe 
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allowed for a real-time evaluation of segments character-
ized by 30° of depth and 100° of width. The stored data 
were subsequently subject to offline echocardiographic 
quantification by means of TomTec software (TomTec Im-
aging Systems, Unterschleissheim, Germany) in order to 
assess LVESV, left ventricular end-diastolic volume (LVEDV), 
left ventricular ejection fraction (LVEF) and wall motion 
score index (WMSI), as well as the presence and severity 
of mitral valve insufficiency (MVI). The classification of MVI 
severity was based on vena contracta width (VC): > 7 mm – 
severe; 3–7 – mm moderate; < 3 mm – mild [13].

Based on the data acquired during discharge TTE, 
left ventricular speckle tracking imaging (STI) was con-
ducted using the offline analysis Echo-PAC software (PC 
6.0.0 GE Medical System). Global longitudinal strain 
(GLS) of LV was calculated as the arithmetic mean of 
longitudinal strain of all 16 segments of the LV, while 
anterior global longitudinal strain (AGLS) was derived 
from the arithmetic mean of anterior wall segments 
only (1–2, 7–8, 12–16). 

Cardiac magnetic resonance (CMR)
The size and mass of the LV infarction were evaluat-

ed by means of 1.5 Tesla magnetic resonance scanner at 
90 ±5 days. Cardiac magnetic resonance was performed 
in short axis 2- and 4-chamber view by means of con-
trast-free fast imaging employing a steady-state acquisi-
tion (FIESTA) cine sequence, as well as by a fast gradient 
recalled echo (FGRE) sequence 10 min after the adminis-
tration of gadobenate dimeglumine contrast agent (Mul-
tihance; Bracco Inc.) at the dose of 0.1 mmol/kg in order 
to obtain late gadolinium enhancement (LGE). Cardiac 
magnetic resonance slice thickness was 8 mm. The CMR 
images were acquired during held expiration lasting for 
about 10 s, following deep inspiration.

The FIESTA cine sequence allowed for evaluation of 
LVEDV, LVESV and LVEF. The FGRE sequence indicated the 
sites of LGE in relation to each of the 16 segments of the 
LV. Subsequently, LV infarction mass and total LVM were 
calculated using MASS post-processing software (Medis). 
This semi-automatic method required manual outlining 
of the border of the endocardium and epicardium (LVM) 
and the margins of the LGE area (LV infarction mass). 
Both values were acquired during systole. The relative 
percentage of LV affected by infarction was derived from 
the ratio of LV infarct mass and LVM.

Patient management and definitions
Acute STEMI was diagnosed and treated according to 

applicable 2012 ESC Guidelines [9]. All the patients were 
managed invasively and were referred for coronary an-
giography and primary PCI of the infarct-related artery 
(LAD) with drug-eluting stent implantation within 12 h 
after onset of symptoms. All the patients received aspirin 
and clopidogrel loading doses prior to the procedure and 

unfractionated heparin intraprocedurally. The use of IIb/
IIIa inhibitor was left to the discretion of the operator. 

Arterial hypertension was diagnosed if blood pres-
sure exceeded 140/90 mm Hg on two separate mea-
surements during index hospitalization or in the event 
of former hypertension diagnosis or antihypertensive 
medication use. Diabetes mellitus/impaired fasting glu-
cose/impaired glucose tolerance were analyzed jointly.  
Diabetes mellitus was diagnosed if fasting blood glucose 
was > 125 mg/dl on 2 separate days or if patients re-
ceived insulin or oral hypoglycemic agents.

Statistical analysis
Statistical analysis was performed using Statistica 

10.0 (StatSoft Poland) software. Continuous variables 
are expressed as mean and standard deviation (normally 
distributed) or as median and interquartile range (IQR) 
(non-normally distributed). The type of distribution was 
verified using the Shapiro-Wilk test. Qualitative vari-
ables are expressed as crude values and percent. Be-
tween-group differences for normally distributed quan-
titative variables were assessed using Student’s t-test 
or analysis of variance, and the Mann-Whitney U-test or 
Kruskal-Wallis test was used for non-normally distrib-
uted variables. For qualitative variables, Fisher’s exact 
test was applied. In the univariate Cox analysis reverse 
remodeling was defined as a dependent variable, where-
as independent variables were designated from amongst 
peri-procedural parameters. Odds ratios (OR) with 95% 
confidence intervals (CIs) were calculated. A multivariate 
stepwise logistic regression model was not implement-
ed on account of the low study count. Univariate Cox 
analysis was performed to evaluate potential variables 
affecting the risk of major cardiovascular events (MACE), 
which was further depicted by a  Kaplan-Meier curve. 
Hazard ratios (HR) with 95% CIs were subsequently esti-
mated. Kaplan-Meier curves for the different sub-groups 
were compared using the log-rank test. Throughout the 
analyses, a p-value of < 0.05 was considered statistically 
significant. 

Results
Left verticular reverse remodeling at 3-month fol-

low-up was confirmed in 15 (37.5%) patients. The group 
with reverse remodeling and the control group did not 
differ in terms of demographic parameters and baseline 
cardiovascular risk factors (Table I). Patients with LV re-
verse remodeling were characterized by significantly low-
er maximal high-sensitivity troponin T (hs-TnT) concen-
tration, lower sum of all ST-segment elevations before 
and after PCI and lower maximal ST-segment elevation 
after PCI. The presence of LV reverse remodeling was also 
associated with lower discharge WMSI and greater AGLS 
(Table II). Notably, the groups did not differ in terms of 
discharge LVEF (Table II).
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Table I. Comparison of baseline demographic and clinical characteristics in study and control group 

Variable LV reverse remodeling (+) 
(n = 15)

Mean ± SD or n (%)

LV reverse remodeling (–)
(n = 25)

Mean ± SD or n (%)

P-value

Male sex 11 (78.57) 17 (70.83) 0.46c

Age [years] 55.64 ±7.73 61.67 ±10.93 0.08b

Weight [kg] 79.07 ±10.01 76.54 ±11.69 0.50b

Hospitalization time [days] 6.21 ±0.98 6.79 ±1.10 0.24a

Time from onset of symptoms to  
reperfusion therapy [min]

297.50 ±171.85 284.17 ±201.64 0.50a

Arterial hypertension 13 (92.86) 19 (79.17) 0.26c 

Dyslipidemia 8 (57.14) 20 (83.33) 0.08c

Diabetes mellitus 0 (0) 4 (16.67) 0.14c

Cigarette smoking 9 (64.29) 13 (54.17) 0.40c

AKI in anamnesis 0 (0) 1 (4.17) 0.63c

Stroke/TIA in anamnesis 0 (0) 2 (8.33) 0.39c

AKI – acute kidney injury, TIA – transient ischaemic attack, SD – standard deviation. aMann-Whitney U test, bStudent’s t test, cFisher’s exact test.

Table II. Comparison of laboratory, electrocardiographic and imaging variables in study and control group

Variable LV reverse remodeling (+)
(n = 15)

Mean ± SD or n (%)

LV reverse remodeling (–)
(n = 25)

Mean ± SD or n (%)

P-value

Multi-vessel CAD 7 (50) 12 (50) 1.00c

Proximal LAD occlusion 9 (64.29) 13 (54.17) 0.40c

GP IIb/IIIa inhibitor use 10 (71.43) 18 (75) 0.55c

Serum creatinine concentration [mg/dl] 0.88 ±0.28 0.83 ±0.18 0.71a

Maximal hs-TnT concentration [ng/ml] 5.70 ±5.24 14.89 ±10.41 < 0.01a

Maximal CK-MB concentration [U/l] 116.00 ±135.01 252.55 ±238.27 0.08a

Sum of ST-segment elevations before PCI [mm] 9.46 ±5.51 16.08 ±8.62 0.02a

Max. ST-segment elevation before PCI [mm] 3.54 ±1.93 4.33 ±1.95 0.23b

Sum of ST-segment elevations after PCI [mm] 3.75 ±2.56 8.52 ±6.52 < 0.01a

Max. ST-segment elevation after PCI [mm] 1.46 ±0.93 2.54 ±1.44 0.01a

Mitral valve insufficiency 2 (14.29) 8 (40) 0.11c

Vena contracta [mm] 0.21 ±0.58 1.14 ±1.75 0.14a

LVEDV – 3D-TTE [ml] 112.99 ±36.10 100.79 ±23.41 0.21b

LVESV – 3D-TTE [ml] 60.42 ±24.88 52.38 ±14.16 0.78a

LVESV – 3D-TTE at 3 months [ml] 43.52 ±14.27 69.48 ±29.06 < 0.01a

SV – 3D-TTE [ml] 52.57 ±18.56 48.39 ±14.69 0.45b

LVEF – 3D-TTE [%] 46.66 ±9.34 47.91 ±9.05 0.69b

Wall motion score index (WMSI) 1.23 ±0.18 1.39 ±0.18 0.02a

Global longitudinal strain (GLS) [%] –14.06 ±4.48 –11.65 ±4.67 0.13b

Anterior global longitudinal strain (AGLS) [%] –12.61 ± 6.33 –7.89 ± 5.90 0.03b

LVEDV – CMR at 3 months [ml] 101.97 ±24.74 121.41 ±33.21 0.11a

LVESV – CMR at 3 months [ml] 43.52 ±14.27 69.48 ±29.06 < 0.01a

SV – CMR at 3 months [ml] 58.75 ±16.41 51.93 ±16.90 0.19a

LVEF – CMR at 3 months [%] 57.42 ±7.86 44.30 ±12.78 < 0.01a

LVM [g] 144.57 ±42.36 145.90 ±34.89 0.92a

LV infarction mass [g] 32.89 ±35.97 41.34 ±23.98 0.21a

Large myocardial infarct > 20% of LVM 6 (42.86) 17 (70.83) 0.09c

CAD – coronary artery disease, CMR – cardiac magnetic resonance, GP – glycoprotein, LAD – left anterior descending artery, LVEDV – left ventricular end-diastolic vol-
ume, LVEF – left ventricular ejection fraction, LVESV – left ventricular end-systolic volume, SV – stroke volume, 3D-TTE – 3-dimensional transthoracic echocardiogra-
phy, LVM – left ventricular mass, PCI – percutaneous coronary interventions, CK-MB – creatine kinase MB fraction, hs-TnT – high-sensitivity troponin T, SD – standard 
deviation, aMann-Whitney U test, bStudent’s t test, cFisher’s exact test.
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Following 3-month follow-up, patients with LV reverse 
remodeling (3D-TTE) distinguished themselves with 
greater LVEF, and lower LVESV evaluated by simultane-
ous CMR (Table II). A non-significantly lower rate of large 
myocardial infarction (> 20% of LVM) was observed in the 
group with reverse remodeling (Table II).

Analysis of correlation
The change between discharge and 3-month LVESV 

assessed in 3D-TTE (ΔLVESV) positively correlated with 
maximal hs-TnT concentration, the severity of MVI during 
index hospitalization, the sum of ST-segment elevations 
before and after PCI, the maximal ST-segment elevation 
after PCI and both GLS and AGLS (Table III). Converse-
ly, ΔLVESV negatively correlated with LVEF assessed at 
3-month follow-up by means of reference method in the 
form of CMR (Table III). 

Univariate analysis of the predictors of LV 
reverse remodeling
The presence of LV reverse remodeling at 3-month 

follow-up was accurately heralded by lower hs-TnT lev-
els, lower sum of ST-segment elevations before and after 
PCI, and lower maximal ST-segment elevation after PCI 
(Table IV). Among echocardiographic parameters, lower 
WMSI and more negative anterior global longitudinal 
strain (AGSL) (mean longitudinal strain in the segments 
supplied by LAD) were both associated with LV reverse 
remodeling in 3D-TTE (Table IV). 

Prospective follow-up
All the patients enrolled in the study were subject to 

follow-up for a median of 3.4 years. In total, nine end-
points were reported, including 2 deaths, 4 episodes of 
acute coronary syndrome requiring urgent revasculariza-
tion and 3 hospital admissions due to acute decompen-
sated heart failure. Of note, all the endpoints occurred 
in the study group without LV reverse remodeling at 
3-month follow-up (Figure 1). 

Univariate Cox analysis revealed that composite end-
point (MACE) was associated with higher baseline NYHA 
class, maximal ST-segment elevation after PCI and the 
sum of ST-segment elevations before and after PCI. MACE 
occurrence was also predicted by lower discharge LVEF, 
higher discharge WMSI and less negative GLS and AGLS 
(Table V). Furthermore, the onset of MACE was also asso-
ciated with the growing severity of MVI reflected by high-
er VC, but not the mere presence of MVI itself (Table V).  
In the analyzed population, MVI was demonstrated in  
11 patients, including 9 cases of mild MVI and 2 cases 
of moderate MVI (VC = 5 and VC = 6 mm). The presence 
of LV reverse remodeling at 3-month follow-up was not 
associated with MACE in 4-year observation. 

The comparison of Kaplan-Meier survival curves 
for the study population depending on the presence of 

3-month LV reverse remodeling is denoted in Figure 1. 
Based on the log-rank test, a non-significantly more fa-
vorable prognosis in the LV reverse modeling group was 
observed (log rank p = 0.07).

Table III. Analysis of correlation between different 
clinical variables and the change of 3-month left 
ventricular end-systolic velocity (Δ LVESV – 3D-TTE) 
in relation to baseline value as assessed in 3D-TTE 

ΔLVESV vs. Spearman R P-value

Maximal hs-TnT  
concentration

0.53 < 0.05

Sum of ST-segment elevations 
before PCI 

0.40 0.01

Sum of ST-segment elevations 
after PCI

0.46 < 0.05

Max. ST-segment elevation 
after PCI

0.40 0.01

MVI vena contracta 0.35 0.03

Global longitudinal strain 0.37 0.02

Anterior global longitudinal 
strain

0.40 0.01

LVEF – CMR at 3 months –0.63 < 0.05

ΔLVESV – change of ESV between baseline and follow-up at 3 months, LVEF – 
left ventricular ejection fraction, hs-TnT – high-sensitivity troponin T, PCI – per-
cutaneous coronary intervention, MVI – mitral valve insufficiency, Max. – maxi-
mal, CMR – cardiac magnetic resonance imaging.

Table IV. Univariate analysis of different predic-
tors of left ventricular reverse remodeling

Variable OR 95% CI P-value

Age [per 1 year] 0.94 0.87–1.01 0.09

Hospitalization time  
[per 1 day]

0.59 0.29–1.1 0.13

Hyperlipidemia 0.27 0.056–1.27 0.09

Maximal hs-TnT 
concentration [per 1 ng/ml]

0.86 0.75–0.98 0.02

Maximal CK-MB 
concentration [per 1 U/l]

0.99 0.99–1.0 0.098

Sum of ST-segment 
elevations before PCI  
[per 1 mm]

0.87 0.77–0.99 0.03

Sum of ST-segment 
elevations after PCI  
[per 1 mm]

0.69 0.51–0.93 0.02

Max. ST-segment elevation 
after PCI [per 1 mm]

0.40 0.17–0.93 0.03

Wall motion score index 
[per 1 unit]

0.01 0.00–0.63 0.03

Anterior global longitudinal 
strain [per 1 unit]

0.88 0.78–1.00 0.045

Global longitudinal strain 
[per 1 unit]

0.89 0.76–1.04 0.15

OR – odds ratio, 95% CI – 95% confidence interval, CK-MB – creatine kinase MB 
fraction, hs-TnT – high-sensitivity troponin T.
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Table V. Univariate Cox analysis of different pre-
dictors of composite endpoint (death, myocardial 
infarction, urgent coronary revascularization, he-
art failure hospitalization)

Variable HR 95% CI P-value

Age [per 1 year] 1.10 0.99–1.22 0.07

Arterial hypertension 0.69 0.08–6.18 0.74

Diabetes mellitus 1.92 0.21–17.16 0.56

Cigarette smoking 1.12 0.19–6.68 0.90

Time of onset of symptoms to 
reperfusion therapy [per 1 min]

0.99 0.98–1.00 0.09

Multi-vessel CAD 4.47 0.50–40.00 0.18

Proximal LAD occlusion 1.14 0.19–6.82 0.89

GP IIb/IIIa antagonist use 1.51 0.17–13.49 0.71

Serum creatinine concentration 
[per 1 mg/dl]

0.00 0.00–2.62 0.09

Maximal hs-TnT concentration 
[per 1 ng/ml]

1.06 0.98–1.15 0.15

Maximal CK-MB concentration 
[per 1 U/l]

1.00 1.00–1.01 0.30

NYHA class at admission  
[per 1 class]

37.73 2.38–597.29 0.01

NYHA class at discharge  
[per 1 class]

1.75 0.56–5.47 0.33

CCS class at discharge  
[per 1 class]

1.52 0.52–4.43 0.44

Sum of ST-segment elevations 
before PCI [per 1 mm]

1.12 1.01–1.23 0.03

Sum of ST-segment elevations 
after PCI [per 1 mm]

1.12 1.02–1.22 0.02

Max. ST-segment elevation 
before PCI [per 1 mm]

1.74 1.03–2.92 0.04

Max. ST-segment elevation after 
PCI [per 1 mm]

1.71 1.04–2.81 0.04

Presence of MVI 5.73 0.84–39.16 0.08

MVI – vena contracta [per 1 mm] 1.56 1.07–2.27 0.02

LVEDV – 3D-TTE [per 1 ml] 0.99 0.96–1.03 0.65

LVESV – 3D-TTE [per 1 ml] 1.01 0.97–1.05 0.59

SV – 3D-TTE [per 1 ml] 0.95 0.88–1.02 0.14

LVEF – 3D-TTE [per 1%] 0.87 0.78–0.98 0.02

Wall motion score index  
[per 1 unit]

17064.2 16.00–
18198120

0.01

Global longitudinal strain  
[per 1 unit]

1.32 1.00–1.73 0.05

Anterior global longitudinal 
strain [per 1 unit]

1.29 1.02–1.63 0.04

LV reverse remodeling 0.004 < 0.001– 
68717.43

0.51

HR – hazard ratio, CI – confidence interval, CAD – coronary artery disease, GP 
– glycoprotein, LAD – left anterior descending artery, LVEDV – left ventricu-
lar end-diastolic volume, LVEF – left ventricular ejection fraction, LVESV – left 
ventricular end-systolic volume, MVI – mitral valve insufficiency, SV – stroke 
volume, 3D-TTE – 3-dimensional transthoracic echocardiography, PCI – percu-
taneous coronary interventions, CK-MB – creatine kinase MB fraction, hs-TnT 
– high-sensitivity troponin T, SD – standard deviation.

Discussion
The current study concerned a specific cohort of pa-

tients with anterior wall STEMI submitted to primary 
PCI, who experienced a  considerable myocardial injury 
at 3 months after the procedure, reflected by a predom-
inantly large area (> 20% of LVM) of postinfarction myo-
cardial scar (n = 23, 57.5%). The higher than expected 
rate of patients with adverse LV remodeling, despite the 
guideline-tailored approach to management, is presum-
ably linked to prolonged time from onset of symptoms 
to reperfusion therapy (mean: 294 min). In the present 
study, the authors focused on the phenomenon of LV re-
verse remodeling at 3 months after anterior wall STEMI 
treated with primary PCI [14, 15]. This process has previ-
ously been documented in heart failure patients subject 
to CRT therapy or following surgical coronary revascular-
ization [14, 15]. In the analyzed population, LV reverse 
remodeling was confirmed in roughly 40% of patients. 
The development of this favorable myocardial remod-
eling translates into better functional capacity and less 
pronounced symptoms of heart failure, as well as the re-
duced risk of adverse cardiovascular events. It is broadly 
known that adverse LV remodeling connected with the 
area of myocardial infarction is associated with higher 
risk of adverse cardiovascular events [16], while LV re-
verse remodeling accounts for the opposite effect on 
cardiovascular risk [17]. The investigation into the sig-
nificance of positive LV reverse remodeling is inherent in 
contemporary cardiology. Parallel to reverse remodeling, 
a different echocardiographic parameter in the form of 
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Figure 1. Kaplan-Meier curve of major adverse 
cardiovascular events depending on the presence 
of reverse left ventricular remodeling in 4-year ob-
servation
MACE – major adverse cardiovascular events, MI – myocardial infarc-
tion, 3D-TTE – 3-dimensional transthoracic echocardiography, arrow 
– point of 3D-TTE assessment of LV reverse remodeling at 3-month 
follow-up.
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graphic parameters [30], proved to be predictors of LV 
remodeling in the present study.

The study provided evidence to support the notion 
that speckle tracking-derived mean longitudinal strain of 
anterior wall segments (AGLS) supplied by the LAD consti-
tutes a potent predictor of favorable LV remodeling. In the 
study by Spinelli et al., speckle tracking allowed for precise 
prediction of favorable change of LV anatomy by estima-
tion of LV torsional strain [5]. In addition, the research by 
Mitro et al. showed that LV strain rate heralded the re-
sponse to CRT [31]. The predictive significance of speckle 
tracking imaging was also confirmed in the case of reverse 
left atrial remodeling after mitral valve surgery [32].

The present research constitutes a  unique approach 
at evaluation of the use of LV longitudinal strain (GLS 
and AGLS) for the prediction of LV reverse remodeling af-
ter acute myocardial infarction. Although AGLS remained 
a predictor of LV reverse remodeling, GLS did not prove 
to be useful for this purpose, which may be linked to in-
creased regional contractility of the contralateral (basal 
segments) of LV compensating for the impaired contrac-
tility within the area supplied by the infarct-related artery.

In the analyzed population, only nine endpoints were 
reported. All the endpoints occurred in the group without 
LV reverse remodeling and with a large area of myocar-
dial necrosis. The considerably low amount of endpoints 
may be due to adequate pharmacotherapy in adherence 
to ESC guidelines [9]. This favorable pharmacological 
effect is augmented by a large number of patients with 
preserved LV systolic function at discharge. This fact is 
considered to be a  potent predictor of favorable prog-
nosis after coronary incidents. Moreover, our population 
was characterized by relatively low prevalence of dia-
betes mellitus (12.5%), which has a  deleterious effect 
on prognosis and postinfarction scarring area based on 
echocardiographic and CMR imaging [33]. According to 
previous studies, diabetes mellitus is present in 21–25% 
[34] or even 35% of patients with a STEMI diagnosis [25]. 
For this reason, the mortality rate in 4-year observation 
was much lower than the average 1-year mortality in 
contemporary STEMI registries [24, 35, 36].

Yet another aspect of our study is the prognostic sig-
nificance of AGLS and GLS with respect to the 4-year com-
posite endpoint. According to a recent study by Milewska 
et al., LV GLS exceeding the threshold of > –12.8% was 
associated with adverse cardiovascular events, irrespec-
tive of LVEF value [37]. According to a recent systematic 
review concerning the role of speckle tracking in myo-
cardial infarction of different locations, GLS exhibited 
predictive power regarding both reverse remodeling and 
MACE [38].

Our study also corroborated the role of classic elec-
trocardiographic parameters in the prediction of adverse 
cardiovascular events in a  population of patients with 
STEMI. These findings are in accordance with the former 

LVEF assessed after acute myocardial infarction is used 
for the identification of patients suitable for placement 
of an implantable-cardioverter defibrillator (ICD) for the 
prevention of sudden cardiac death [18]. As certain pa-
tients experience mid- and long-term improvement of 
LV systolic function and positive ventricular remodeling 
following myocardial infarction, patients are not referred 
for ICD/CRT implantation directly after acute coronary 
syndrome [18]. Thus, it is recommended to evaluate LVEF 
and LV reverse remodeling after at least 3 months of op-
timal medical therapy in order to identify patients who 
could benefit from ICD/CRT implantation for primary pre-
vention of sudden cardiac death [18]. 

Left ventricular reverse remodeling also remains 
one of the beneficial signs of CRT pacing. A  large body 
of evidence suggests that the volume parameters of LV 
decrease in response to CRT pacing, while device deacti-
vation leads to a gradual increase of LV volume [19]. The 
development of reverse remodeling is also conditioned 
by optimal medical therapy, as both ACEI and β-blockers 
facilitate reduction of LVESV [20–22]. Also, the use of an 
LV assist device (LVAD) was shown to cause a reduction 
of LV volume [23]. 

The majority of former studies analyzed the role of LV 
reverse remodeling in patients with heart failure or car-
diomyopathies, whereas its significance in patients with 
STEMI has not been extensively investigated. One of the 
few studies in the field, the AMICI trial [8], delivered ev-
idence for the significance of ST-segment elevation re-
duction after PCI as a  crucial determinant of LV reverse 
remodeling [8]. Unlike in the present report, the presence 
of reverse remodeling was verified not at 3 months, but at 
6 months after the incident [8]. Left ventricular reverse re-
modeling was defined in a similar way to the current study 
and occurred in 39% of patients (vs. 37.5% in our study). 

In the Japanese study by Morishita et al. [24] LV re-
verse modeling was demonstrated in 52% of patients, 
despite the strict criterion of ≥ 15% LVESV reduction [24]. 
The difference between the present study and the cited 
report may be underlined by the longer (6-month) obser-
vation time in the latter study [24]. This discrepancy may 
well be related to the significantly shorter pain to balloon 
time (1.0–1.8 vs. 4.7–4.9 h), which also accounted for 
higher LVEF values in the Japanese study [24]. It is widely 
accepted that prolonged coronary revascularization leads 
to impaired prognosis; hence time to balloon should not 
exceed 90 min [25]. It was shown that any reduction of 
time to reperfusion translates into improvement of LV 
function assessed by means of CMR [26].

The determinants of LV reverse remodeling corrobo-
rated in the current study are in line with the acknowl-
edged parameters formerly described in the literature. 
Lower concentration of cardiac troponin [27, 28], as well 
as several electrocardiographic [29] and echocardio-
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observations concerning the relationship between maxi-
mal pre-PCI ST-segment elevation and the area of necro-
sis [39], as well as between post-procedural regression of 
ST-segment elevation and the success of coronary reper-
fusion therapy [40]. 

Surprisingly, the presence of LV reverse remodel-
ing at 3-month follow-up was not associated with the 
long-term onset of MACE. The authors presume that this 
finding may be explained by the very narrow inclusion 
criteria with first ever anterior wall STEMI patients only 
and relatively high discharge LVEF and echocardiographic 
volume indices resembling physiological values. For this 
reason, LV reverse remodeling pertained to a population 
at relatively low risk of MACE onset.

The univariate Cox analysis yielded negative results 
concerning prognostic significance of MVI, time from on-
set of symptoms to reperfusion or presence of diabetes 
mellitus (Table V).

The limited prognostic significance of MVI may be ex-
plained by predominantly mild MVI severity and the lack 
of severe MVI in the study population. Based on the liter-
ature, MVI severity corresponds with impaired outcome 
and predicts adverse LV remodeling [39]. However, the 
significance of MVI is pronounced, providing that MVI is 
predominantly of moderate severity.

Last but no least, it was previously proven that pres-
ence of LV reverse remodeling corresponds with cardio-
vascular event-free survival in 2-year observation [8], as 
well as with long-term heart failure-free survival [6]. This 
intrinsic finding was somewhat recapitulated in our cur-
rent manuscript, as the survival curves of both groups 
non-significantly differed in terms of composite endpoint 
rate in favor of patients with LV reverse remodeling (Fig-
ure 1; log-rank p = 0.07).

Study limitations
The results of the study should be interpreted with 

caution on account of the low study count related to the 
specific and narrow inclusion criteria of first ever myo-
cardial infarction limited only to anterior wall localiza-
tion. This is the reason that the value of our outcome 
may be limited. Since the majority of study participants 
were men (75%), the effect of sex could have modified 
the study results. According to contemporary data, the 
proportion of women in the population of patients with 
myocardial infarction is 30–34% [41, 42]. The low amount 
of end-points represents a considerable limitation, which 
is presumably caused by the high extent of preserved 
myocardium following successful PCI. Yet another short-
coming of the study is the intentional exclusion of cer-
tain myocardial segments during 3D-TTE post-processing 
due to poor visualization, which could theoretically have 
altered the study results. The overall proportion of seg-
ments excluded from analysis was 5%, which is compa-
rable to other studies in the field [43].

Conclusions
The rate of LV reverse remodeling in patients with the 

first ever anterior STEMI treated with primary PCI is high. 
The development of LV reverse remodeling at 3 months 
was predicted by lower hs-TnT values, lower value of the 
sum of ST-segment elevations before and after PCI, low-
er maximal ST-segment elevations after PCI, lower WMSI 
and more negative longitudinal strain in the area sup-
plied by the infarct-related artery. LV reverse remodeling 
was not associated with the endpoints in 4-year obser-
vation.
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