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Abstract

Background: Successful primary Percutaneous Coronary
Intervention (PCI), has reduced the mortality of patients with
Acute Myocardial Infarction (AMI). However, the increased
survival rate resulted in the increased incidence of Left
Ventricular (LV) remodeling. Ventricular remodeling is a
predictor of heart failure and for this reason it assumes a
negative prognostic value.

Aim of the Study: Was to assess the percentage of LV
remodeling and to identify at discharge early predictors of
LV remodeling after primary PCI.

Material and Methods: We included 152 patients diag-
nosed as acute STEMI and underwent successful primary
PCI. All patients were examined by transthoracic echocardi-
ography at discharge and 6 months later. LV remodeling
defined as increase in Left Ventricular End Diastolic Volume
Index (LVEDVI) >20%. Patients were grouped into two
groups: Group I (with LV remodeling) and Group II (without
LV remodeling). The following factors affecting LV remodeling
were evaluated: Infarct Related Artery (IRA), number of
vessels affected, use of thrombus aspiration, type of stent
used, post PCI TIMI flow, time to reperfusion, Wall Motion
Score Index (WMSI) and cardiovascular risk factors.

Results: Patients with an increase in LVEDVI >20% who
were considered to have LV remodeling (Group 1) were 49
patients (32.2%). Anterior MI was significantly more in Group
I patients (89.8%) vs. (44.7%) in Group II patients (p-value=
0.00). Left Anterior Descending (LAD) artery affection was
significantly more in Group I (89.8%) vs. (45.6%) in Group
II (p-value=0.00). Ejection fraction noticed to be significantly
greater at baseline in Group 1T (51£6.81%) vs. (41.4£6.59%)
in Group I (p-value=0.00) while Group I patients had signif-
icant higher WMSI (1.66+0.19) vs. (1.28+0.17) in Group II
(p-value=0.00).

Conclusions: LV remodeling occurred in 32.2% of patients.
Patients with ECG diagnosis as (anterior MI), WMSI (>1.5),
ejection fraction (£45%), and LAD as an IRA were at higher
risk for LV remodeling (p<0.05). WMSI (>1.5) and LAD as
an IRA were the only independent predictors for LV remodeling
after primary PCI (relative risk; 3.2 and 2.6 respectively).
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Introduction

ACUTE Myocardial Infarction (AMI) with its
accompanying adverse sequelae, remains one of
the most common causes of morbidity and mortality
in the world [1].

Reperfusion therapy is by far the most important
therapy for the treatment of AMI. Reperfusion of
the ischemic myocardium reduces the infarct size
and improves Left Ventricular (LV) function, both
of which contribute to an improved clinical outcome
in patients with acute MI [2].

The success of fibrinolytic therapy and more
recently of primary Percutaneous Coronary Inter-
vention (PCI), has reduced the mortality of patients
with acute MI [3]. However, the increased survival
rate resulted in the increased incidence of cardio-
vascular events mainly due to LV remodeling and
congestive heart failure [4].

Cardiac remodeling is a group of molecular,
cellular and interstitial changes that clinically
manifest as changes in size, shape and function of
the heart resulting from cardiac injury [5].

Post-infarct ventricular remodeling develops
in about 30% of patients with a history of myocar-
dial infarction [6]. Ventricular remodeling is a
predictor of heart failure and for this reason it
assumes a negative prognostic value [7].

The pathogenesis of LV remodeling after acute
M1 is multi-factorial. Multiple factors may in fact
contribute at different stages from the time of
coronary occlusion until the development of ven-
tricular dilatation [2].
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There are clinical evidences that post-infarct
remodeling can be prevented or in some cases
reversed [g].

Therapies with proven efficacy against post-
infarct remodeling exist and research is bringing
new discoveriesin the pathogenesis of post-infarct
remodeling into the field of clinical practice and
therapy [9]. For this reason, the battle of medicine
against heart failure is against post-infarct remod-
eling which means that the prevention is better
than the cure.

Infarct size, anterior location, the perfusion
status of the Infarct-Related Artery (IRA), are-
stricted pattern of LV filling and heart failure on
admission have been identified as predictors of
LV remodeling after M1 in the thrombolysis era
[10].

Recently there has been increased interest in
the prevalence of remodeling inth 1 e era of inter-
ventional cardiology. From aclinical point of view
it isimportant to identify those patients at high
risk for LV remodeling. The early identification
of patients at arisk of LV remodeling may have
important therapeutic implications [11].

The factors predicting post-infarct LV remode-
ling after M1 treated by primary PCI remain to be
clarified.

The aim of the study was to assess the percent-
age of LV remodeling and to identify at discharge
early predictors of LV remodeling after primary
PCI.

Material and M ethods

We conducted a prospective observational study
in which we included 152 patients diagnosed as
acute STEMI and admitted in Coronary Care Unit
(CCU) of Assiut University Hospital between 1 &
January 2016 and 30th September 2016.

* All patients were treated by successful primary
PCI within 12 hours of onset of chest pain or up
to 24 hour of onset of chest pain if there was
ongoing ischemia at Assiut University Hospital
Cath laboratory.

» We excluded patients with clinical manifestations
of acute heart failure or cardiogenic shock at
presentation, significant mitral regurgitation or
valve disease and patients with permanent pace-
maker insertion.

* Detailed history was obtained from all patients
including age, gender, cardiovascular risk factors

(hypertension, diabetes mellitus, smoking and
dyslipidemia) and onset of chest pain.

* 12 lead electrocardiogram (ECG) was done to
all patients within 10 minutes of arrival to Emer-
gency Room (ER) and after primary PCI.

» Echocardiography: All patients were examined
by transthoracic 2D echocardiography within 24
hour of admission and six months after discharge
using Phillipsi.e 33 ultrasound system device
according to the following protocol:

1- LV volumes (LVEDV and LVESV) and Ejec-
tion Fraction (EF) were measured using modified
Simpson’s method.

V olume measurements are usually based on
tracings of the blood-tissue interface in the apical
four-chamber (A4C) and two-chamber (A2C)
views. At the mitral valve level, the contour is
closed by connecting the two opposite sections of
the mitral ring with a straight line. The most com-
monly used method for 2D echocardiographic
volume calculations is the biplane method of disks
summation (modified Simpson'srule) Fig. (1) [12].

Biplano disk summation

Fig. (1): Modified Simpson's method for assessment of LV
volumes [12] .

A4C: Apical four Chamber.
A2C: Apical two Chamber.

EDV : End-diastolic Volume.
ESV : End-Systolic Volume.

2- Wall Mation Score Index (WMS) was calcu-
lated as follows: The LV was divided according
to a17-segment model. A wall motion score was
assigned to each segment to calculate the LV wall
motion score index as the average of the scores of
all segments visualized.

The following scoring system was used: Normal
or hyperkinetic scored (1), hypokinetic (reduced
thickening) scored (2), akinetic (absent or negligible
thickening, e.g. scar) scored (3), and dyskinetic
(systolic thinning or stretching, e.g., aneurysm)
scored (4) [12].
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Sum of scores of all segments visualized
WMS| =

Number of these segments

3- Pulsed Wave (PW) Doppler of trans-mitral
flow during diastole to assess LV diastolic filling
pattern. The following variables were cal cul ated
at baseline: Peak velocity of early rapid filling
wave (E), peak velocity of atrial wave (A), peak
E/A wave velocity ratio and Deceleration time
(DT). Vasalvamaneuver was done if needed to
confirm grade of diastolic dysfunction [13].

The selected patients were grouped into two
groups after 6 months of Ml:

* Group | (with LV remodeling): Patients with an
increase in LVEDVI >20% were considered to
have LV remodeling.

An arbitrary definition of ventricular remode-
ling, but widely adopted in follow-up studies
[11,14,15], isan increase of at least 20% of LVEDV
from the first post infarction imaging.

* Group Il (without LV remodeling).

So the percentage of patients who devel oped
progressive LV remodeling after 6 months was
detected.

Then the following factors and their influence
on LV remodeling were evaluated in each group:

A- Clinical: Age, gender, risk factors (Diabetes
Méllitus (DM), Hypertension (HTN), Dyslipi-
demia, Smoking).

B- ECG diagnosis and location of STEMI.
C- Angiographic:
» Type of IRA (Left Anterior Descending (LAD),

Left Circumflex (LCX) or Right Coronary
Artery (RCA).

* Number of vessels affected.
» Thrombus aspiration.
» Symptom to balloon time >4 hours.

» Stenting and type of the stent (Drug Eluting
Stent (DES) or Bare Metal Stent (BMS).

* Post PCI TIMI flow grade.
D- Echocardiographic:
« LVEDVI [ml/m].
« LVESVI [ml/m’].
* Ejection fraction [%0].
» Wall Motion Score Index (WMS)).
* Grade of diastolic dysfunction.
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Informed consents were obtained from all par-
ticipants after the explanation of all steps of the
study. The Ethical Committee of Assiut, Faculty
of Medicine approved the study protocols.

Satistical analysis:

All stetistical analyses were carried out using
Software Package for Social Sciences (SPSS)
Version 20.0. Categorical variables were described
by number and percent (N, %) and continuous
variables described by mean and Standard Devia-
tion (mean £ SD). Chi-square test and Fisher Exact
test were used to compare between categorical
variables while continuous variables of both groups
were compared by Student t-test. Differencesin
echocardiographic variables (baseline vs. six
months) were assessed by paired t-test. In order to
predict LV remodeling in an individual patient
clinical, angiographic and echocardiographic var-
iables were put into logistic regression analysis.

Variables with statistical significance at univar-
iate analysis were further analyzed at multivariate
analysis. A p-value <0.05 was considered statisti-
cally significant.

Results

The current study included 152 patients who
were diagnosed as acute STEMI treated by primary
PCI, within 12 hours of onset of chest pain or up
to 24 hour of onset of chest pain if thereis ongoing
ischemia at Assiut University Hospital Cath lab.
Patients with an increasein LVEDVI >20% who
considered to have LV remodeling (Group |) were
49 patients (32.2%) while the other patients without
LV remodeling were 103 patients (67.8%) and
known as (Group I1). Regarding age, gender, smok-
ing, risk factors, and previous history of PCl, there
was no statistically significant difference between
the two groups (p-value >0.05). Regarding €l ectro-
cardiographic data, it was noticed that anterior Ml
was significantly morein Group | patients (p-value
=0.00) while inferior M1 were significantly more
in Group Il patients (p-value=0.00).

Regarding angiographic data, there was a sig-
nificant difference between both groups regarding
Infarct Related Artery (IRA) with significant more
affection of Left Anterior Descending (LAD)
artery in Group | patients (p-value=0.00), and
significant more affection of Right Coronary Artery
(RCA) and Left Circumflex (LCX) arteriesin
Group Il patients (p-value=0.00). Other angio-
graphic findings regarding number of vessels
affected, use of thrombus aspiration, type of stent
and post PCI TIMI grade had no significant sta-
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tistical difference between both groups (p-vaue
inall >0.05) (Table 1).

Table (1): Baseline angiographic findings of both groups.

Group | Group 11 p-

Variables (n=49) (n=103) value

Infarct related artery:

- Left anterior descending (LAD) 44 (89.8%) 47 (45.6%) 0.00
- Right coronary artery (RCA) 3 (6.1%) 43 (41.7%)

- Left circumflex artery (LCX) 2 (41%) 13 (12.6%)

Number of vessels affected:

- Single vessel 30 (61.2%) 54 (52.4%) 0.57
- Two vessels 13 (26.5%) 32 (31.1%)

- Three vessels 6 (12.2%) 17 (16.5%)
Thrombus aspiration:

-Yes 10 (20.4%) 21 (20.4%) 0.89
- No 39 (79.6%) 82 (79.6% )
Senting:

-Yes 48 (98%) 93 (90.3%) 0.31
- Drug eluting stent (DES) 7 (143) 20(194)

- Bare metal stent (BMS) 41 (83.7) 73 (80.9)

- No 1 (2%) 10 (9.7%)

Symptoms to balloon time >4h

Post PCI TIMI grade >2

33 (67.3%) 60 (58.3%) 0.18
46 (93.9%) 100(97.1%) 0.29

PCI: Percutaneous Coronary Intervention.

Regarding baseline echocardiographic data,
there was no statistically significant difference
between both groups regarding grade of diastolic
dysfunction (p-value >0.05).

Group | patients had significantly higher
LVEDVI and LVESVI in comparison with Group
Il (p- value=0.01, 0.00) respectively. Ejection
fraction noticed to be significantly greater in Group
Il patients (51+6.81%) vs. (41.4£6.59%) in Group
| patients (p-value=0.00) while Group | patients
had significant higher WM S| (1.66+£0.19) vs.
(1.28+ 0.17) in Group |1 patients (p-value=0.00)
(Table 2).

Table (2): Baseline echocardiographic characteristics of all
studied patients.

Group | Group 11 p-

Variables (n=49) (n=103)  value

LVEDVI (mi/m°)
LVESVI (ml/m°)
Ejection fraction (%)

62.75+17.23 5391+14.97 0.01
3363+1121 2539771  0.00
41.41+6.59 51+6.81 0.00

WMSI 1.66£0.19 1.28+0.17 0.00
Grade of diastolic dysfunction:
1 32 (65.3%) 65(63.1%) 0.46
2 17 (34.7%) 38 (36.9%)

LVEDVI : Left Ventricular End-Diastolic Volume Index.
LVESVI : Left Ventricular End-Systolic Volume Index.
WMSI : Wall Motion Score Index.

Six months follow-up echocardiographic char-
acteristics of both groups are shown in (Table 3).

It was noticed that Group | patients had significantly
higher LVEDVI, LVESVI, and WMSI during 6-
month follow-up in comparison to Group Il patients
(p-vaue <0.05).

In contrast, Group |1 patients had more signif-
icant gjection fraction than Group | patients ( p-
value <0.05).

Table (3): Six month follow-up echocardiographic character-
istics of all studied patients.

: Group | Group 1 p-
Vaiables (n=49) (n=103) value
LVEDVI (ml /”‘22 ) 90.40+17.69 55.18+14.31 0.00
LVESVI (ml/m ) 42.10£12.39 26.06+7.23 0.00
Ejection fraction (%) 36.18+6.66 52.57%6.38 0.00
WMSI 1.67+0.17 1.22+0.14 0.00

LVEDVI : Left Ventricular End-Diastolic Volume Index.
LVESVI : Left Ventricular End-Systolic Volume Index.
WMSl : Wall Motion Score Index.

Comparison between baseline and 6-months
echocardiographic characteristics of both groups
(Table 4):

In patients with LV remodeling, LVEDVI and
LVESVI were significantly increased, while gjec-
tion fraction was significantly decreased ( p<0.00)
but no significant change occurred in case of WM S|
(p>0.05).

In patients without LV remodeling, no signifi-
cant difference between LVEDVI, LVESVI, gec-
tion fraction and WM SI at baseline and 6-months
follow-up (p>0.05).

Table (4): Comparison between baseline and 6-months echocar-
diographic characteristics of both groups.

. . 6-months p-
Vaiables Baseline follow-up value
For patients with LV
remodeling: >
- LVEDVI (ml/m,) 62.75+17.23 90.40+17.69 0.00
-LVESVI (ml/m") 33.63+11.21 42.10+12.39 0.00
- Ejection fraction (%) 41.41+6.59 36.18+6.66 0.00
-WMS 1.66£0.19 1.67£0.17 0.25
For patients without LV
remodeling:

- LVEDVI (ml/m,) 53.91+14.97 55.18+14.31 0.14
-LVESVI (ml/m") 25.3917.71 26.06+7.23 0.93
- Ejection fraction (%) 51+6.81 52.57+6.38 0.11
- WMSI 1.28+0.17 1.22+0.14 0.09

LVEDVI : Left Ventricular End-Diastolic Volume Index.
LVESVI : Left Ventricular End-Systolic Volume Index.
WMSI : Wall Motion Score Index.

Regression analysis for prediction of LV remod-
eling following primary PCI:

Regression analysis showed that patients with
ECG's diagnosis as (anterior MI), WMSI (>1.5),
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Ejection fraction (<45%), and IRA as (LAD) were
at higher risk for LV remodeling (p<0.05) as de-
scribed in (Table 5).

Multivariate regression analysis of significant
predictors showed that WMSI (>1.5) and IRA as
(LAD) are only independent predictors for LV
remodeling after primary PCI (relativerisk; 3.2
and 2.6 respectively).

Table (5): Regression analysis of baseline prediction for
remodeling after primary PCI in studied patients.

Relative 95%

Variables ris  confidence vaILJe
interval
ECG's findings éextensi ve anterior MI) 17 19-255 0.00
LVESVI (ml/m 2 23 1.44-24 0.09
LVEDVI (ml/m ) 11 11-216 043
WMSI (>1.5) 32 1.44-215 0.02
Ejection fraction (545%) 22 21-288 0.01
Infarct-Related Vessel (LAD) 2.6 19-223 0.00

ECG : Electrocardiogram.

LAD : Left Anterior Descending.

LVEDVI : Left Ventricular End-Diastolic VVolume Index.
LVESVI : Left Ventricular End-Systolic Volume Index.
WMSI : Wall Motion Score Index.

Discussion

Degspite the latest techniques and advancesin
acute myocardial infarction treatment and manage-
ment, the post-infarct left ventricular remodeling
process that leads to congestive heart failure still
represents amajor problem [16].

Over the past decades, scientists and healthcare
providers have made substantial efforts to improve
the understanding of this process by searching bad
or good predictors and also risk factors which can
be associated with this process.

Two-dimensional (2D) echocardiography isa
widely available and well-established method for
assessing LV remodeling.

In our study, we used 2D echocardiography to
assess LV volumes in patients treated by primary
PCI within 24 hour of admission and 6 months
later after discharge.

The aim of the study was to assess the percent-
age of patients who developed progressive LV
remodeling after the first 6 months of M1 treated
with primary PCI. In our study we found that LV
remodeling occurred in 32.2% of patients after 6
months of primary PCI, which was concordant
with findings of Bolognese et al., [15] who found
that LV dilatation at 6 months with >20% increase
in LVEDVI, occurred in 30% of agroup of 284
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patients undergoing primary PCI for acute MlI.
Also, concordant with findings of Loboz-Grudzie'n
et al., [11] who found that progressive LV dilatation
had occurred in 24% of a group of 88 patients
underwent primary PCI for acute M. Also, areview
article published 2011 in European Heart Journal
stated that post-infarct ventricular remodeling
developsin about 30% patients with a history of
myocardial infarction [6] . The early identification
of patients at arisk of LV remodeling may have
important therapeutic implications.

S0, in our study we aimed to identify at dis-
charge the clinical, angiographic and echocardio-
graphic predictors of LV remodeling after primary
PCI in agroup of 152 STEMI patientsin Assiut
University Hospital.

Regarding clinical data and risk factors, we
found that there was no statistically significant
difference between group of patients who devel oped
LV remodeling after 6 month and those who didn’t
develop LV remodeling regarding age, gender and
risk factorsas HTN, DM, smoking or dyslipidae-
mia. These findings are consistent with findings
of Zaliaduonyte-Peksiene et al., [17] and Loboz-
Grudzie'n et al., [11] who also couldn’t also detect
aclinical risk factor as a significant predictor of
post-infarct LV remodeling. In contrast to findings
of Pop et a., [16] who studied predictors of post-
infarct LV remodeling in agroup of 105 STEMI
patient treated by primary PCI and found that risk
factors correlated with post-infarct LV remodeling
were female gender, smoking and dyslipidaemia.
This difference could be due to smaller sample
sizeof Pop et ., [16] study as they studied only
105 patients of whom there were only 27 females
(12 females developed LV remodeling and 15 didn’t
develop remodeling) this represented 52% in Group
1vs. 18% in Group 2, p<0.00 and considered as
significant predictor while in our study females
were 33 (11 developed LV remodeling and 22
didn’t develop remodeling), but due to larger sam-
ple size this represented 22.4% in Group | and
21.4% in Group Il (p-value=0.51). Similarly re-
garding other risk factors as smoking and dyslipi-
daemia, difference in results between our study
and that of Pop et al., [16] may be attributed to the
different sample size.

Regarding electrocardiographic data, in our
study we found that patients with anterior location
of AMI were at high risk for LV remodeling after
AMI by univariate analysis, but in multivariate
regression analysis it was not an independent
predictor of LV remodeling.
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These findings are consistent with findings of
Zaliaduonyte-Peksiene et al., [17] who studied the
impact of clinical, echocardiographic parameters
and polymorphism of angiotensinogen gene on left
ventricular remodeling after AMI in agroup of
141 patients with first STEMI, and found that
anterior localization of the infarct, leucocyte count
at admission, global longitudinal strain and MM
genotype were independent predictorsof LV re-
modeling after AMI.

Regarding angiographic data, we found no
statistically significant difference between both
patient groups regarding number of vessels affected,
use of thrombus aspiration, type of stent used either
BMS or DES and post PCI TIMI flow. But, regard-
ing IRA, patientswith LAD as an IRA were at
higher risk for LV remodeling by univariate anal-
ysis, and also an independent predictor by multi-
variate regression analysis.

These findings are consistent with findings of
Warren et al., [18] who studied the time course of
LV dilatation after AMI and influence of IRA and
found that LV dilatation was more frequent and
significantly more marked (p<0.01) in patients
with LAD occlusion as compared with RCA occlu-
sion. Also, consistent with findings of L oboz-
Grudzie'n et a., [11] who studied early predictors
of adverse LV remodeling after primary angioplasty
in 88 patients with first STEMI and found that
LAD asIRA was asignificant predictor of LV
remodeling by univariate regression analysis
(p<0.05). But regarding number of vessels affected,
our findings were not consistent with findings of
Bolognese et d., [15] who studied LV remodeling
after primary angioplasty in 284 patients with AMI
treated with primary PCI and found that independ-
ent predictors of late (after 6 months) LV dilatation
were high peak Creatine Kinase (CK) value and
the presence of multi-vessel Coronary Artery Dis-
ease (CAD). Also not consistent with findings of
Pop et al., [16] who studied predictors of post-
infarct LV remodeling in agroup of 105 STEMI
patient treated by primary PCI and found that the
presence of multi-vessel coronary artery disease
was a significant predictor of LV remodeling.

Regarding echocardiographic data, we found
that the baseline LVEDVI and LVESVI were sig-
nificantly higher in patients who developed LV
remodeling. But, neither LVEDVI nor LVESVI
was a significant predictor of LV remodeling by
univariate regression analysis.

Patients with baseline (at discharge) low LVEF
< 45% and high WM S| >1.5 were found to be at
higher risk for LV remodeling.

Multivariate regression analysis showed that
WMSI >1.5 is an independent predictor of LV
remodeling.

Our findings were consistent with findings of
Bolognese et ., [15] who studied LV remodeling
after primary angioplasty in 284 patients with AMI
treated with primary angioplasty and found that
high WM SI independently predicted early LV
dilatation. Also, consistent with findings of Loboz-
Grudzie'n et a., [11] who also found that high
WMSI >1.5 is an independent predictor of LV
remodeling after primary angioplasty.

Our study showed no significant difference
between both groups regarding grade of diastolic
dysfunction. In contrast to finding of Cerisano et
al. [19] who studied the relation between early
assessment of Doppler-derived mitral deceleration
time (DT), ameasure of LV compliance and filling,
and prediction of progressive LV dilatation after
acute myocardial infarction (AMI) and found that
DT was the most powerful predictor of LVEDVI
changes at 6 months (p=0.02). Also inconsi stent
with findings of Loboz-Grudzie n et al., who found
that restrictive pattern of LV filling isasignificant
predictor of LV remodeling. This difference may
be attributed to smaller sample size of Loboz-
Grudzie'n et al., [11] study who studied predictors
of LV remodeling in 88 patients.

Sudy limitations:

One limitation of our study is that echocardio-
graphic assessment of global |eft ventricular systolic
function is usually performed subjectively. Two-
dimensional echocardiography does not offer very
precise data about the ventricular volumes or the
infarct size, it is better to be assessed by Cardiac
M agnetic Resonance (CMR) imaging or 3D
echocardiography. Another limitation of our study
was alack of knowledge of late IRA patency. We
were unable to perform coronary angiography at
6-month follow-up and thus cannot exclude the
possibility that recurrent ischemia may have played
arolein triggering the remodeling process.

Also, we didn’t evaluate myocardial perfusion
after primary PCl which may play an important
role in development of LV remodeling.

Conclusion:

Post-infarct LV remodeling occurred in 32.2%
of studied patients. Patients with anterior location
of MI, WMSI >1.5, LVEF <45% and LAD as|IRA
were considered at higher risk for LV remodeling
after primary PCI. However, WMSI >1.5and LAD
as IRA were only the independent predictors of
LV remodeling after primary PCI.
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