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Abstract

Background: 1schemic cardiomyopathy (ICM), alead-
ing cause of heart failure, is characterized by left ventricular
dysfunction secondary to significant coronary artery disease.
Although coronary artery bypass grafting (CABG) has demon-
strated clinical benefit in this population, the role of percutane-
ous coronary intervention (PCl) remains a subject of ongoing
debate. A notable knowledge gap persists regarding the func-
tional and clinical outcomes associated with PCI in patients
with ICM.

Aim of Study: The objective of this study isto evaluate the
impact of percutaneous coronary intervention (PCI) on progno-
sisand left ventricular (LV) function in patients with ischemic
cardiomyopathy (ICM) at three- and six-month follow-up in-
tervals.

Patients and Methods: This prospective cohort study was
conducted at the Cardiology Department of AlexandriaMain
University Hospitals. A total of 60 patients with stable ischemic
cardiomyopathy (LVEF <40%) and significant coronary artery
disease were enrolled. Percutaneous coronary intervention
(PCI) was performed in accordance with established clini-
cal guidelines. Patients were followed at three and six months
post-intervention. The primary outcomes included changesin
left ventricular gjection fraction (LVEF) and clinical prognosis,
encompassing hospitalization and cardiovascular mortality.

Results: LVEF significantly improved from 35.2%+5.1 at
baseline to 39.8%+6.0 at six months (p<0.01). Cardiac-related
hospitalizations and mortality significantly improved. Statisti-
cally significant associations were observed between changes
in LVEF and clinica prognosis. By the 6-month follow-up, sig-
nificant differences in EF were observed based on PCI location,
specifically for LAD PCI (p=0.019), LCX PCI (p=0.025), and
RCA PCI (p=0.044).

Conclusion: PCI in ICM patients resulted in significant
improvementsin left ventricular function that is meaningfully
related to better clinical outcomes, with higher rates of hospital-
ization and mortality associated with lesser improvement in EF.
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Introduction

ISCHEMIC cardiomyopathy (ICM) is defined as
significant left ventricular (LV) systolic dysfunction,
characterized by aleft ventricular g ection fraction
(LVEF) of less than 40%, resulting from extensive
coronary artery disease (CAD) or as a consequence
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of an acute myocardia infarction (AMI) [11. ICM is
the most common etiology of heart failure (HF) and
left ventricular systolic dysfunction [2]. Globaly,
ischemic heart disease remains the leading cause
of morbidity and mortality [3]. In Egypt, cardiovas-
cular disease (CVD) has been the leading cause of
premature death since the 1990s. In 2017, CVD ac-
counted for 46.2% of all deaths nationwide [4]. The
Egyptian cross-sectional CardioRisk project further
emphasized the high prevalence of premature acute
coronary syndrome (ACS), affecting 46% of men
under the age of 55 years and 67% of women un-
der 65 years [5]. According to 2020 World Health
Organization (WHO) data, coronary heart disease
accounted for 173,871 deaths in Egypt, represent-
ing 32.40% of all-cause mortality. The age-adjusted
death rate was reported at 268.11 per 100,000 popu-
lation, placing Egypt 15th globally in coronary heart
disease-related mortality [6].

The primary rationale for coronary revasculari-
zation in ICM liesin the reduction of chronic myo-
cardial ischemia and the restoration of functionin
hibernating myocardium [7]. Although the precise
relationships among resting coronary blood flow,
coronary flow reserve, and myocardial function re-
main a subject of ongoing debate, revascularization
offers multiple potential benefits [g]. At the cellular
level, revascularization improves metabolic func-
tion within ischemic myocardial tissue [9]. Resto-
ration of coronary blood flow leads to enhanced
metabolic processes and improved cellular func-
tion [8,10]. Furthermore, revascul arization may fa-
cilitate the reversal of LV remodeling, resulting in
improved LV volumes and contractile performance
[11]. Observational studies and meta-analyses have
indicated that the recovery of dysfunctional myo-
cardial segments is associated with improved clini-
cal outcomes, including areduction in heart failure
symptoms and mortality [12] . However, robust evi-
dence demonstrating the superiority of revasculari-
zation over optimal medical therapy alone in terms
of enhancing LV function or clinical outcomes re-
mains limited [13].

The optimal revascularization strategy for pa-
tients with ICM remains uncertain, largely due to
the limited availability of recent randomized con-
trolled trial (RCT) data to guide clinical decision-
making. Thereis anotable gap in RCTsdirectly
comparing coronary artery bypass grafting (CABG)
and percutaneous coronary intervention (PCI) in
patients with severe ICM. Although randomized tri-
alssuch as STICH [14] and REVIVED-BCIS2 [15]
have provided valuable insights into revasculariza-
tion approaches, they have not comprehensively ad-
dressed the comparative efficacy of these modali-

ties within this specific patient population. The need
for further RCTs is emphasized to validate findings
from observational studies, particularly in light of
contemporary advancementsin PCI techniques and
medical therapy, which may influence patient out-
COMeS [16] .

Heart team-based decision-making continues
to be emphasized as a critical component in indi-
vidualizing revascularization strategies, especialy
in complex cases involving severe LV dysfunction
or multiple comorbidities. This shift underscores a
more cautious approach in recommending routine
revascularization, particularly PCI, for patients with
significant LV dysfunction due to ischemic heart
disease [17]. Current guidelines prioritize careful
patient selection through a multidisciplinary ap-
proach, evaluating individual risks, comorbidities,
and the feasibility of achieving complete revascu-
larization [18]. While CABG remains the preferred
approach in this patient cohort, the decision should
be made based on a careful consideration of sur-
vival benefits, procedural risks, and patient-specific
factors [19].

Objective:

The objective of this study is to evaluate the
impact of revascularization by PCI on the progno-
sis of patients with ICM, specifically in relation to
HF hospitalizations, cardiovascular mortality, and
LV function. Outcomes were assessed at three- and
six-month follow-up intervals through echocardio-
graphic evaluation of LVEF, the severity of mitral
regurgitation (MR), and changes in left ventricular
wall motion score index (WMS!).

Ethics Approval:

The data that were obtained from participants are
confidential. The study participants were not identi-
fied by namein any report or publication concern-
ing this study. Before the participants were admitted
in this study, the purpose and nature of the study, as
well as the risk—benefit assessment was explained
to them. An informed consent was obtained. Ethi-
cal approval was granted by the Ethics Committee
of the Faculty of Medicine, Alexandria University,
under the approval number 0107765.

Patients and Methods

Sudy population:

This study included 60 ICM patients who un-
derwent PCI at Alexandria University Hospital,
Smouha University Hospital and International Car-
diac Center from April 2023 till April 2024 with
three and six month follow-up after PCI. Patients
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selection and inclusion was done according to the
following inclusion criteria: (1) Patients who pre-
sented with LV systolic dysfunction due to ischemic
heart disease and an estimated EF of 40% or less,
(2) Patients should be on optimal Guidelines Direct-
ed Medical Therapy (GDMT) according to recent
HF guidelines [20] which was subsequently titrated
and customized according to tolerability.

The exclusion criteriawere: (1) AMI inthe 4
weeks before enrolment, (2) Acute decompensated
HF within 72 hours before enrolment, (3) Sustained
ventricular arrhythmias within 72 hours before en-
rolment and (4) Asymptomatic HF.

Sudy design:

This study included 60 ICM patients eligible
for PCI at Alexandria University Hospital, Smouha
University Hospital and International Cardiac Cent-
er from April 2023 till April 2024 with three and six
month follow-up after PCI. Patients were assigned
to astrategy of PCI plus optimal medical therapy.
The protocol mandated that revascularization was
attempted on all diseased proximal coronary ves-
sels.

Assessment:

On admission, all patients underwent the follow-
ing assessments: (1) Detailed history taking with an
emphasis on complaints, drug history, - coexisting
comorbid conditions, includingsmoking, diabetes
mellitus (DM), hypertension(HTN), dyslipidemia,
history of myocardial infarction, previous PCI or
CABG; (2) Comprehensive clinical examination;
(3) laboratory investigations including Complete
blood count (CBC), erythrocyte sedimentation rate
and C-reactive protein, liver and kidney function
tests, PT, PTT, INR and electrolyte levels (Sodium
and Potassium); (4) Standard 12-1ead el ectrocardi-
ography (ECG) to identify arrhythmias, QRS com-
plex width, pathological Q waves or ST-segment
and T-wave abnormalities; (5) Echocardiographic
parameters were evaluated in accordance with the
guidelines of the American Society of Echocardi-
ography and included the following: - LVEF as-
sessed by the Modified Simpson’s method, grade
of MR (Mild, moderate and severe) - WMSI [21;:
The 16-segments LV WMSI, which implies the full
analysis of LV contractility using the 6 standard
views (parasternal base, mid and apical and apical
4-, 3-, and 2-chamber planes). Based on the Ameri-
can Society of Echocardiography score, LV EF was
derived: LVEF = 90-26 x WMSI. LVEF by WMSI
using the reference 17-segments method. Each seg-
ment is given a score based on its systolic function
(normal N = 1, hypokinesisH = 2, akinesis A = 3).
Theindex (WMSI) is calculated by dividing the to-
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tal of the wall motion scores of each segment by
17; (6) Coronary Angiography and PCI data: SY N-
TAX score [22] is calculated and PCI to the sub-
tended territories is done. Residual SYNTAX score
is calculated. Follow-up was conducted three and
six months after PCI to assess the prognosis includ-
ing HF hospitalization and cardiovascular mortality,
LVEF, grade of MR and changein LV WMSI meas-
ured by echocardiography.

Satistical analysis:

Data were fed to the computer and analyzed
using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp). Qualitative data were
described using number and percent. The Shapiro-
Wilk test was used to verify the normality of distri-
bution Quantitative data were described using range
(minimum and maximum), mean, standard devia-
tion, median and interquartile range (IQR). Signifi-
cance of the obtained results was judged at the 5%
level. Chi-square test used for categorical variables,
to compare between different groups. Fisher’s Ex-
act used for correction for chi-sguare when more
than 20% of the cells have expected count less than
5. Student t-test used for normally distributed quan-
titative variables, to compare between two studied
groups. Mann Whitney test used for abnormally dis-
tributed quantitative variables, to compare between
two studied groups.

Results

Demographic and clinical data:

The age of the study participants ranged from 42
to 79 years, with amean age of 58.88+9.920 years.
The cohort was predominantly male, comprising
76.7% of the participants, while females constituted
23.3%. With respect to smoking status, 70.0% of the
participants were current smokers, whereas 30.0%
were non-smokers. DM was present in 48.3% of the
cohort, while 51.7% were non-diabetic. HTN was
identified in 48.3% of the participants. A history of
previous ACS was the most commonly reported co-
morbidity, affecting 81.7% of the individuals. Prior
PCI or CABG was documented in 35.0% of the co-
hort. Chronic kidney disease (CKD) was present in
23.3% of the participants, chronic total occlusion
(CTO) was observed in 41.7%, and multi-vessel
coronary artery disease was highly prevalent, af-
fecting 81.7% of the study population (Table 1).

According to the NYHA functional classifica-
tion, none of the patients were categorized as Class
| or Class1V. A total of 51.7% of the patients were
classified as Class |1, while 48.3% were classified
as Class 111. Regarding the CCS angina grading,
the majority of patients were classified as Stage 2
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(55.0%) or Stage 3 (41.7%), with aminority classi-
fied as Stage 1 (3.3%).

Table (1): Demographic data.

Number Percent

Age (years):

Range 42-79

MeantS.D. 58.88+9.920
Gender:

Mae 46 76.7

Female 14 233
Smoking:

No 18 30.0

Yes 42 70.0
DM: 29 48.3

No 31 51.7
HTN 29 48.3
Previous ACS 49 817
Previous PCI or CABG 21 35.0
CKD 14 233
CTO 25 417
Multi vessel disease 49 817

Echocardiographic findings:

At baseline, all patients exhibited an gection
fraction (EF) of 40% or less. The EF values ranged
from 25.0% to 40.0%, with a mean of 36.10+4.11%.
The median EF was 35.50% with an interquartile
range (IQR) of 35.0-40.0%. The baseline wall mo-
tion score index (WM SI) ranged from 1.60 to 2.50,
with amean value of 1.90+0.187. Assessment of
mitral regurgitation (MR) at baseline revealed that
45.0% of patients had no MR, 38.3% had mild MR,
13.3% had moderate MR, and 3.3% had severe MR.

Coronary angiographic and PCI data:

With regard to coronary angiographic findings,
left main (LM) disease was present in 5.0% of pa-
tients, while CTO was identified in 41.7%. The
number of diseased vessels ranged from one to four,
with amean of 2.13+0.72 vessels and a median of
2.0 vessdls (interquartile range [IQR]: 2.0-3.0). The
degree of coronary stenosis revealed that 71.7%
of patients exhibited stenoses greater than 90%,
whereas 28.3% had stenoses ranging from 70%
to 90%. Regarding PClI, the left anterior descend-
ing (LAD) artery was the most frequently treated
vessdl, involved in 71.7% of cases. Other vessels
treated included the left circumflex (LCX) artery in
35.0%, the right coronary artery (RCA) in 28.3%,
and the LM artery in 1.7% of cases. Additionally,
interventions were performed on the ramus branch
(3.3%), saphenous vein grafts (SVG) (1.7%), and

the posterior descending artery (PDA) (1.7%). The
baseline SYNTAX Score ranged from 8 to 35, with
amean of 15.78+7.533. Theresidual SYNTAX
Score ranged from O to 25, with amean of 4.92+
7.426 (Table 2).

Table (2): Coronary Angiographic and PCI Data (n = 60).

Number Percent

LM Disease 3 5.0
CTO 25 41.7
Number of diseased vessels:

Min. —Max. 1.0-40

Mean + SD. 2.13+0.72

Median (IQR) 2.0(20-3.0)
SYNTAX Score:

Min. —Max. 8-35

Mean + SD. 15.78+7.533
Residual SYNTAX Score:

Min. —Max. 0-25

Mean + SD. 4.92+7.426
Degree of stenosis:

70-90% 17 28.3

>90% 43 717
PCl:

LAD 43 717

LM 1 17

LCX 21 35.0

RCA 17 28.3

Ramus 2 33

SVG 1 17

PDA 1 17

Prognosis During Follow-up: Hospitalization
and Mortality:

During the follow-up period, 68.3% of par-
ticipants did not require hospitalization, whereas
31.7% were hospitalized for cardiac-related causes.
No hospitalizations for non-cardiac causes were re-
ported. The overall survival rate was 95.0%, with
5.0% of participants (n = 3) experiencing mortality
during the follow-up. The total sample size com-
prised 60 participants.

Echocardiographic data during follow-up:
LVEF:

At baseline, all patients had an gjection fraction
(EF) of 40% or less. At 3 months, 80.0% of patients
maintained an EF of 40% or less, 15.0% showed
improvement to amildly reduced EF, and 5.0%
achieved an EF of 50% or greater. At 6 months,
62.0% of patients remained in the reduced EF cat-
egory, 29.3% improved to mildly reduced EF, and
8.6% reached an EF of 50% or more. The propor-
tion of patients with EF <30% was 6.7% at base-
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line, 5.0% at 3 months, and 13.8% at 6 months. EF
values between 30—34% were observed in 13.3% at
baseling, 21.7% at 3 months, and 8.6% at 6 months.
For EF between 35-40%, the percentages were
80.0% at baseling, 53.3% at 3 months, and 39.7%
at 6 months. No patients had an EF in the range of
41-45% at baseline; however, 15.0% and 24.1%
were recorded in this category at 3 months and 6
months, respectively. EF values between 46-50%
were absent at baseline but were observed in 5.0%
of patients at 3 months and 10.3% at 6 months. EF
>50% was not present at baseline or 3 months but
was recorded in 3.4% of patients at 6 months.

The minimum and maximum EF values ranged
from 25.0% to 40.0% at baseline, 25.0% to 50.0%
at 3 months, and 25.0% to 55.0% at 6 months. The
mean EF improved from 36.10+4.11% at baseline

Table (3): Ejection Fraction Follow-up at 3 and 6 Months.
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to 37.53+5.59% at 3 months and 38.64+6.95% at
6 months. The median EF (IQR) increased from
35.50 (35.0-40.0) at baseline to 38.0 (33.0-40.0)
at 3 months and 39.0 (35.043.0) at 6 months. The
changes in EF across the three time points were
stetistically significant (p = 0.001). Pairwise com-
parisons revealed significant differences between
baseline and 3 months (p; = 0.044), baseline and
6 months (p2 = 0.007), and 3 months and 6 months
(p3=10.021).

Among the 58 patients, 10.3% experienced a
decline in EF, while 53.4% demonstrated a change
of lessthan 5 percentage points. A 5-point improve-
ment in EF was observed in 15.5% of patients, and
20.7% exhibited a 10-point improvement. Ten pa-
tients showed an EF improvement of 10 points or
more, exceeding 40% (Table 3).

Baseline 3 months 6 months
(n=60) (n=60) (n=58) Test of Sig. 0
No. % No. % No. %
EF:
<40 60 100.0 48 80.0 36 62.1 Fr=34.0* <0.001*
41-49 0 0.0 9 15.0 17 29.3
>50 0 0.0 3 5.0 5 8.6
Min. —Max. 25.0-40.0 25.0-50.0 25.0-55.0 F=8.453* 0.003*
Mean + SD. 36.10+ 4.11 37.53+559 38.64 + 6.95
Median (IQR) 35.50 (35.0—40.0) 38.0(33.0-40.0) 39.0(35.0-43.0)
Sig. bet. periods p1=.044*, pp=0.007*, p3=0.021*

IQR: Inter quartile range.

SD: Standard deviation.

Fr: Friedman tes

F: Ftest (ANOVA) with repeated measures.

Sig. bet. periods was done using Post Hoc Test (adjusted Bonferroni).

WMS:

At baseline, the wall motion scoreindex (WMSI)
ranged from 1.60 to 2.50, with a mean value of
1.90+0.187. At three months, WM SI demonstrated
improvement, ranging from 1.30 to 2.40, with a
mean of 1.73+0.207. This change was stetistically
significant, with a mean difference of —0.17+0.195
(p<0.001). At six months, further improvement in
WM S| was observed, with values ranging from
1.23to 2.40 and amean of 1.72+0.25. The mean
change at six months was —0.18+0.22, which was
also statistically significant (p<0.001).

p: p-value for comparing between the studied periods.

pt: p-value for comparing between Baseline and 3 months.
p2: p-value for comparing between Baseline and 6 months.
p3: p-value for comparing between 3 months and 6 months.
*: Statistically significant at p<0.05.

Grading of MR:

At baseline, 45.0% of patients exhibited no mi-
tral regurgitation (MR), 38.3% had mild MR, 13.3%
had moderate MR, and 3.3% had severe MR. At six
months, the proportion of patients without MR in-
creased to 60.3%, while the prevalence of mild MR
decreased to 29.3%. The rates of moderate and se-
vere MR remained relatively unchanged, observed
in 6.9% and 3.4% of patients, respectively. The
change in MR severity between baseline and six
months was not statistically significant (p = 0.149).

(Fig. 1).
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Fig. (1): Comparison between the two studied periods accord-
ingto MR.

Correlations of echocardiographic data:
LVEF:

Statistically significant associations were ob-
served between changesin LVEF and clinical
prognosis, including hospitalization and mortality.
These findings suggest that improvement in EF is
meaningfully related to better clinical outcomes,
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with higher rates of hospitalization and mortality
associated with lesser improvement in EF (Table 4).

No significant associations were found between
changes in EF and baseline characteristics such as
gender, age, DM, HTN, history of ACS, prior PCI or
CABG, presence of LM disease, degree of stenosis
(p=0.683), or the presence of CTO. Thisindicates
that in this cohort, EF improvement was relatively
independent of these parameters. Additionally, there
was no significant correlation between the SY N-
TAX score and changesin EF.

At the 3-month follow-up, PCI involving the
LAD was significantly associated with higher EF,
whereas PCI of other vessels did not show signifi-
cant associations. By the 6-month follow-up, sig-
nificant differences in EF were observed based on
PCI location, specifically for LAD PCI (p = 0.019),
LCX PCI (p=0.025), and RCA PCI (p = 0.044).

A weak negative correlation between the num-
ber of diseased vessels and EF was noted at both
three months (r = —0.135, p = 0.304) and six months
(r =-0.154, p = 0.247); however, these correlations
were not statistically significant.

Table (4): Relation Between Changesin Ejection Fraction and Clinical Prognosis (n = 58).

EF change
Decline <5 points 5 points 10 points .
(n=6) (n=31) (n=9) (n=12) Test of Sig. P
No. % No. % No. % No. %
Hospitalization:
No 1 16.7 22 71.0 7 778 11 91.7  y2=9.836*% MCp=0013*
Cardiac cause 5 83.3 9 29.0 2 22.2 1 8.3
Non-Cardiac cause 0 0.0 0 0.0 0 0.0 0 0.0
Mortdlity 1 16.7 0 0.0 0 0.0 0 0.0 x2=5.410 MCp=0.103

IQR: Inter quartile range.

SD : Standard deviation.

F :Ffor Oneway ANOVA test.
H :H for Kruskal Wallistest.

%2 : Chi square test.

WMS:

Statistically significant associations were ob-
served between changesin WM SI and hospitali-
zation at both the 3-month and 6-month follow-up
intervals, with patients rehospitalized for cardiac
causes demonstrating higher WM SI values com-
pared to those who remained free of hospitalization.

No significant associations were found be-
tween WM S| and baseline clinical characteristics,
including gender, age, diabetes mellitus (DM), hy-
pertension (HTN), history of acute coronary syn-

MC: Monte Carlotest.
p: p-value for Relation between EF change with different parameters.
*: Statistically significant at p<0.05.

drome (ACYS), previous percutaneous coronary
intervention (PCI) or coronary artery bypass graft-
ing (CABG), presence of left main coronary artery
disease, degree of stenosis, or presence of chronic
total occlusion. Furthermore, no significant correla
tion was identified between the SYNTAX score and
WMSI.

At the 3-month follow-up, significant differenc-
esin WMSI were noted with respect to the site of
PCI, particularly in patients undergoing LAD and
LCX interventions (p=0.034 and p = 0.011, respec-
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tively), whereas no significant difference was found
for RCA PCI (p=0.102).

By the 6-month follow-up, significant differenc-
esin WMSI were observed across all major coro-
nary territories. PCI involving the LAD (p = 0.024),
LCX (p=0.005), and RCA (p = 0.040) showed sig-
nificant associations with variationsin WMS].

Discussion

This prospective cohort study offers a detailed
evaluation of patients with ICM undergoing PCI,
with an emphasis on prognostic outcomes, includ-
ing rates of hospitalization and mortality, as well
as key parameters of LVEF, severity of MR, and
WMSI. The findings were analyzed in relation to
landmark clinical trials, including STICH [14],
REVIVED-BCIS2 [15], ISCHEMIA [23] 57, among
others, to situate the results within the context of
existing evidence and to enhance the understanding
of their clinical relevance.

Demographic characteristic:

The mean age of the study population was
58.88+9.92 years, comparable to the cohortsin the
STICH and ISCHEMIA trials [14,23], and notably
younger than participants in the REVIVED-BCIS2
trial [15] , where the mean age was approximately 70
years. The study cohort was predominantly male
(76.7%), aigning with the male predominance ob-
served in other major trials—88% in STICH, 88.4%
in REVIVED, and 78.2% in ISCHEMIA. Common
comorbid conditions included DM and HTN, each
present in 48.3% of patients, which is consistent
with prevalence rates reported in REVIVED (40%
for DM, 70% for HTN) and ISCHEMIA (41% for
DM, 70% for HTN). The prevalence of smoking
was notably high in this cohort at 70%, comparable
to REVIVED and significantly higher than the 21%
reported in STICH.

Therelatively younger age of participantsin this
study may have contributed to more favorable re-
covery outcomes, including greater improvement in
EF and lower rates of hospitalization, in compari-
son to the older population studied in the REVIVED
trial. Y ounger patients typically exhibit alower bur-
den of comorbidities and possess greater myocardi-
al reserve, which may enhance their responsiveness
to revascul arization. Conversely, the management
of coronary artery disease (CAD) in elderly pa-
tients remains complex, as the high prevalence of
multiple coexisting comorbidities often complicates
therapeutic decision-making and may accelerate the
progression of other systemic conditions [24] .
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Yamgji et al. [25] reported that within the over-
all cohort, aswell asin the subgroup aged >.74
years, patients who underwent PCI exhibited sig-
nificantly higher all-cause mortality compared to
those who underwent CABG,even after adjusting
for confounding variables. Notably, this difference
in mortality was not observed in the younger age
groups, indicating a significant interaction age and
the relative mortality risk associated with PCI ver-
sus CABG.

The prevalence of DM in this cohort was 48.3%,
comparable to that observed in the REVIVED-
BCIS2 (39%) and STICH (40%) trials, underscor-
ing the substantial metabolic burden associated with
ICM. HTN was present in 48% of patients, closely
aligning with the prevalence reported in REVIVED
(53%) and slightly lower than that in the STICH
population (60%). A history of MI was documented
in 81% of patients, similar to the 76% reported in
STICH and higher than the 50% reported in RE-
VIVED. Additionally, the proportion of patients
with prior revascularization procedures was greater
in this cohort compared to those reported in both the
STICH and REVIVED trials.

The high prevalence of smoking (70%) and
multi-vessel coronary artery disease (81.7%) in this
cohort represent key contributors to severe myocar-
dial ischemiaand LV dysfunction. Despite these ad-
verse risk factors, the outcomes following PCl were
favorable, potentially reflecting advancementsin
interventional techniques and contemporary medi-
cal therapy since the completion of prior landmark
trials. In a systematic review of 37 studies, Ma et
al. [26) demonstrated that cigarette smoking signifi-
cantly increases the risk of all-cause mortality fol-
lowing coronary revascularization, whether by PCI
or CABG. These findings underscore the critical
importance of smoking cessation in the manage-
ment of coronary artery disease in revascularized
patients.

Echocardiographic findings:
Ejection fraction categories and temporal
changes:

In this study, changes in EF were analyzed both
as a continuous variable and by categorical per-
centage changes. Among the entire cohort, 10.3%
of patients exhibited a declinein EF, while 53.4%
demonstrated minimal improvement (<5 percent-
age points). A 5-point improvement was observed in
15.5% of patients, and 20.7% achieved an improve-
ment of 10 percentage points. At six months, 10 pa-
tients (17.2%) attained an EF >_40% along with a
10-point increase. A sustained improvement in EF
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was noted across all categories over time, with sta-
tistical significance (p<0.001).

Whilethe original STICH trial did not define a
specific threshold for improvement in LV EF, sub-
sequent analyses of its data have commonly used
an absolute increase of > 10% in LVEF to signify
meaningful improvement. Perrone-Filardi et a. [27]
investigated the characteristics of patients enrolled
inthe STICH trial to identify factors associated with
an LVEF increase of >.10% at 24 months. Among
the 1,212 participants, 618 had echocardiographic
LV EF measurements available at both baseline and
24 months. In the cohort randomized to medical
therapy plus CABG, 58 patients (19%) demonstrat-
ed an LVEF improvement of >.10%, compared to 51
patients (16%) in the medical therapy-alone group
(p=0.30). The analysis concluded that a>_10% im-
provement in LV EF over 24 months was relatively
uncommon in patients with ICM and did not differ
significantly between treatment groups. However,
both an LV EF improvement of >10% (HR 0.61,
95% CI: 0.44-0.84, p = 0.004) and allocation to
CABG (HR 0.72, 95% CI: 0.57-0.90, p = 0.004)
were independently associated with a reduced risk
of mortality [27].

Inthe REVIVED-BCIS2 trid, the investiga-
tors did not establish a predefined threshold for EF
improvement. Instead, they evaluated changesin
LVEF as a continuous variabl e to assess the effects
of PCI in combination with optimal medical therapy
(OMT) versus OMT aone. The study found no sig-
nificant difference in LV EF improvement between
the two groups at 12 months. This approach was
consistent with the trial’ s primary focus on clinical
outcomes, such as all-cause mortality and hospitali-
zation for HF, rather than specific LVEF improve-
ment thresholds. The results from the REVIVED
trial indicated that LV EF was comparable between
the PCI and OMT groups at both 6 and 12 months.
Although there was an absolute median improve-
ment in LVEF of nearly 5% in the first 6 months, no
significant difference in the changein LV function
was observed between the groups.

Wang et al. [2g] conducted a cohort study in-
volving patients with reduced EF (EF <40%) who
underwent revascularization and had their EF re-
assessed via echocardiography three months post-
procedure. Following revascularization, among
patients with reduced EF, approximately 10% ex-
perienced a worsening of EF at follow-up, 30%
showed no change in EF, and 60% demonstrated EF
improvement. The study found that for each 5-unit
increase in EF, the risk of mortality decreased by
20%. Compared to the EF improvement group, pa-

tients with either worsened or unchanged EF had a
significantly higher risk of both all-cause mortality
and cardiovascular death.

Ndrepepaet al. [29) conducted a prospective
cohort study to examine the relationship between
changesin EF after PCI and clinical outcomes. The
change in LVEF (ALVEF) was calculated as the dif-
ference between the LVEF measured 6 to 8 months
after angiography and the baseline LVEF measured
at the time of the initial angiography. Among the
8,181 patients, EF was reduced in 4,172 (51.0%),
mildly improved in 2,964 (36.2%), and significantly
improved in 1,045 (12.8%). The study found that
LVEF showed slight improvement 6 to 8 months
following PCI. Patients with severe or moderate
LV impairment at baseline experienced greater im-
provements in LVEF, whereas those with preserved
baseline LVEF showed little change or a slight de-
cline in LV function. Factors independently associ-
ated with greater improvements in LVEF included
younger age, female sex, lower baseline LVEF,
arterial HTN, absence of DM, lower body mass
index, non-smoking status, no prior history of MI
or CABG, presentation with STEMI, and the use
of coronary stents other than second-generation
drug-eluting stents. In patients surviving beyond 6
months post-PCI, changes in LVEF were indepen-
dently associated with the risk of death, even after
adjusting for baseline LVEF. For every 5% increase
in ALVEF, the adjusted risk of 5-year all-cause mor-
tality decreased by 9%, and the risk of cardiac death
decreased by 14%. ALVEF was found to have prog-
nostic value, particularly in patients with impaired
LV function (LVEF <50%). Moreover, a decline in
LV function appeared to be a stronger predictor of
mortality than an improvement in LV function.

The PROTECT I study [30] demonstrated a sig-
nificant absolute increase in EF of 13.2% (p<0.001)
due to reverse remodeling. This improvement was
more frequently observed in patients who under-
went more extensive revascul arization and was as-
sociated with a substantial reduction in major ad-
verse events as well as an enhancement in clinical
Ssymptoms [30].

Velagaleti et al. [311 examined the association
between changes in LVEF (ALVEF), defined as the
difference between LVEF measured within one year
after revascularization and LVEF measured within
one year prior to revascularization by either PCI or
CABQG, and the risk of death or hospitalization due
to HF in patients with ICM (baseline LVEF <50%).
In the PCI cohort, the risk of death decreased by 6%
for every 5% improvement in LVEF, and by 30%
when comparing patients with a ALVEF >_5% to
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those with a ALVEF <-5%, over a mean follow-up
period of 5 years.

The underlying mechanisms of PCl-related im-
provement in LVEF remain unclear. Initialy, the
therapeutic benefit of revascularization in patients
with LV systolic dysfunction was thought to stem
from the functional recovery of hibernating myo-
cardium [7]. However, recent studies challenge this
hypothesis, suggesting that the improvement in
LVEF following revascularization in patients with
ICM may not be attributable to the recovery of hi-
bernating myocardium [32]. Based on the data from
our study and other trials, we conclude that PCI has
abeneficial effect on LV EF as an absolute value,
although the magnitude of this effect may not be
as pronounced as that of optimal guideline-directed
medical therapies. Whether PCI-induced improve-
mentsin LV function tranglate into clinical benefit
remains a subject of ongoing debate.

Changesin MR Severity:

The absence of significant improvement in MR
severity in our study contrasts with CABG-based
studies, such asthe STICH trial, where MR severity
often improved following revascul arization com-
bined with mitral valve (MV) surgery. The STICH
trial indicated that CABG alone did not significantly
reduce MR severity in patients with moderate to se-
vere MR, suggesting that direct intervention on the
MYV during surgery may be required for meaningful
improvement. Kang et al. [33] found that although
MYV repair appears more effectivein reducing is-
chemic functiona MR, CABG aone may be amore
appropriate treatment for patients with moderate
MR who are at high operative risk, such as those
with advanced age or atria fibrillation.

PCI Data:

Regarding the PCI data, the majority of cases
in our study had alow SYNTAX score (0-22),
although some patients presented with higher
SYNTAX scores (>33), indicating more complex
coronary disease. The LAD artery was the most fre-
quently treated vessel, consistent with its significant
contribution to ischemic burden and scar forma-
tion. Multi-vessel PCI was performedin a notable
proportion of patients. LM PCI was conducted in
5% of patients, which was associated with moder-
ate improvement in EF. CTO PCI was performed in
40% of patients, resulting in modest EF recovery,
though it was linked to greater procedural complex-
ity. Apart from the SYNTAX score and PCI to the
LAD, no significant correlation was found between
EF improvement and any other PCI variables.

937

The mean residual SYNTAX score was 4.92+
7.426. Inthe REVIVED trial, the extent of revas-
cularization was evaluated using the British Car-
diovascular Intervention Society jeopardy score
and the anatomical revascularization index. This
index was calculated as follows: [(pre-PCI jeopardy
score - post-PCl jeopardy score) + pre-PCl jeopardy
score] x 100, with 100% indicating compl ete revas-
cularization of all angiographically significant coro-
nary lesions [34].

Prognosis: Hospitalization and Mortality Out-
comes.

Prognosisin our study: Higher hospitalization
rates were observed in patients with more pro-
nounced symptoms. Only three deaths were report-
ed during the follow-up period, indicating that PCI
is safe for this high-risk cohort.

Mortality rates following revascularization in
ICM have been examined in several pivotal tri-
als, yielding varying results. The STICH trial ini-
tially found no significant reduction in 5-year all-
cause mortality with CABG plus medical therapy
compared to medical therapy alone. However, the
STICHES extension (2016)(35) revealed a signifi-
cant 10-year survival benefit (59% vs. 66%) in fa-
vor of CABG. The REVIVED-BCIS2 trial, which
compared PCI to OMT, found no survival advantage
with PCI, raising questions about itsrolein ICM.
In contrast, the CASS trial [3s] demonstrated long-
term survival improvement with CABG in patients
with severe LV dysfunction, thereby supporting the
benefits of surgical revascularization. Additionally,
the COURAGE trial, [37] which included patients
with stable ischemic heart disease, reported no sig-
nificant mortality reduction with PCI compared to
medical therapy, although this cohort did not spe-
cifically focus on those with severe LV dysfunction.
Meta-analyses and observational studies, including
those from the SYNTAX (79) and FREEDOM tri-
als, [38,39] suggest that CABG provides superior
long-term survival outcomes compared to PCI, par-
ticularly in patients with multi-vessel disease and
DM.

Conclusion:

This study underscores the substantial benefits
of PCI in patients with ICM, particularly in terms
of improving clinical prognosis by reducing hospi-
talization and mortality rates, as well as enhancing
LVEF and wall motion score index WMSI.

Sudy limitation:

This study has several limitations. The absence
of randomization and a control group may intro-
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duce selection bias and limit the strength of causal
inferences. Additionally, the relatively small sample
size and short duration of follow-up may reduce the
generalizability and long-term applicability of the
findings. Furthermore, potential inter-observer vari-
ability in the assessment of LV EF at baseline and
follow-up may have affected the consistency and
accuracy of the echocardiographic measurements.
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