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Abstract 

Background: The primary validation of myocardial via-
bility testing lies in its capacity to anticipate functional my-
ocardial recovery after revascularization. While contractile 
improvement in stunned myocardium may occur as early as a 
few hours and up to several days post- revascularizationfunc-
tional recovery in myocardium with chronic hibernation may 
be delayed for few months. 

Aim of Study: The aim of this study is toassess the pre-
dictive significance of Dobutamine Stress Echocardiography 
(DSE)–based determination of myocardial viabilityin relation 
to clinical outcomes in patients presenting with ischemic car-
diomyopathy (ICM). 

Patients and Methods: This prospective study enrolled 60 
patients diagnosed with ischemic cardiomyopathy (ICM) and 
left ventricular systolic dysfunction, as evidenced by an ejec-
tion fraction (EF) ≤40%, each of whom underwent evaluation 
of myocardial viability using DSE before revascularization. 

Results: A significant improvement in New York Heart As-
sociation (NYHA) functional class, as determined statistically 
was noted, in most of the patients transitioning from Class III 
at baseline to Class II or lower during follow-up. Similarly, 
Canadian Cardiovascular Society (CCS) angina classification 
showed significant improvement, with most patients achieving 
Class I status by six months. The six-minute walk test (6MWT) 
distance also demonstrated significant enhancement over time, 
increasing from a baseline mean of 351.5±35.65 meters to 
higher values at both 3- and 6-month follow-up assessments. 
Non-viable myocardial segments were predominantly identi-
fied in the left anterior descending (LAD) artery territory in 
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75% of cases, followed by combined involvement of the LAD 
and right coronary artery (RCA) in 6.7%. A robust inverse cor-
relation was noted between the extent of non-viable myocardi-
um and the magnitude of improvement in left ventricular ejec-
tion fraction (LVEF), with statistical significance (p<0.001). 

Conclusion: The results underscore the outcome-predict-
ing capacity of myocardial viability particularly as evaluated 
by DSE in forecasting improvements in clinical outcomes 
among patients with ICM. 

Key Words: Myocardial viability – Ischemic cardiomyopathy 
(ICM) – Clinical outcome. 

Abbreviations and Acronyms: 

6MWT : Six-Minute Walk Test. 
ACS : Acute Coronary Syndrome. 
BP : Blood Pressure. 
CABG : Coronary Artery Bypass Grafting. 
CAD : Coronary Artery Disease. 
CCS : Canadian Cardiovascular Society. 
CMR : Cardiac Magnetic Resonance. 
DM : Diabetes Mellitus. 
DSE : Dobutamine Stress Echocardiography. 
EF : Ejection Fraction. 
HF : Heart Failure. 
HR : Heart Rate. 
HTN : Hypertension. 
ICM : Ischemic Cardiomyopathy. 
LV : Left Ventricle. 
LVEF : Left Ventricular Ejection Fraction. 
NYHA : New York Heart Association. 
OMT : Optimal Medical Therapy. 
PCI : Percutaneous Coronary Intervention. 
PET : Positron Emission Tomography. 

: Revascularization for Ischemic 
Ventricular Dysfunction–British Cardio-
vascular Intervention Society Trial 2. 

SPECT : Single-Photon Emission Computed Tomography. 
STICH : Surgical Treatment for Ischemic Heart Failure. 
WMSI : Wall Motion Score Index. 
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Introduction 

THE pathophysiology of LV systolic dysfunction 
in ICMpredominantly involves myocardial necro-
sis resulting from insufficient oxygen delivery [1]. 
During myocardial infarction (MI), the interruption 
of circulatory flow distal to the occluded coronary 
artery leads to ischemia and subsequent necrosis 
of myocardial tissue. Over time, the necrotic my-
ocardium is replaced by fibroelastic scar tissue, 
resulting in infarction, loss of viable contractile tis-
sue, and impaired wall motion [2]. This remodeling 
process progresses over several months, ultimate-
ly leading to reduced LV systolic function and di-
minished cardiac output [3]. Myocardial stunning, 
defined by ongoing contractile impairment despite 
of the reestablishment of coronary blood flow, may 
also occur [4]. Stunning can result from transient 
episodes of mild ischemia or stress, particularly 
in the context of coronary artery narrowing, and 
functional recovery is possible if recurrent ischem-
ic insults are prevented [2]. During acute coronary 
syndrome (ACS), myocardial stunning may occur 
alongside infarction, with partial improvement in 
function often observed following successful re-
vascularization [5]. 

The theory of myocardial hibernation originat-
ed from clinical and experimental observations. 
that significant LV systolic dysfunction could be 
reversed following myocardial revascularization 
[6]. Hibernation represents an adaptive response in 
which myocardial contractile function is downreg-
ulated to preserve cell viability under conditions 
of chronic ischemia [7]. Although the precise se-
verity and duration of ischemia required to induce 
hibernation remain uncertain,the phenomenon is 
commonly encountered among patientsexihibiting 
advanced coronary artery disease (CAD). Hiber-
nating myocardium is marked by diminishedmy-
ocardial contractile function despite the mainte-
nance of sufficient perfusion [8]. Both myocardial 
hibernation and stunning reflect reversible forms 
of ischemic myocardial dysfunction [4]. However, 
unlike stunning, which typically resolves spontane-
ously with the restoration of blood flow, hiberna-
tion necessitates therapeutic intervention to re-es-
tablish adequate oxygen supply [3,9]. Restoration of 
myocardial perfusion through any modality capa-
ble of improving oxygen delivery can reverse the 
hibernating state. 

Myocardial viability: 
At the cellular level, myocardial viability is 

defined by the presence of myocytes that have not 
sustained irreversible injury. Within clinical and  

scientific contexts, although, the terminology typ-
ically refers to myocardial regions demonstrating 
resting contractile dysfunction with the potential 
for functional recovery following revascularization 
[10]. This concept is intrinsically linked to myocar-
dial hibernation, wherein myocardial contractile 
function is adaptively down-regulated to preserve 
cellular integrity in response to recurrent ischemic 
episodes [11,12]. 

Is myocardial viability a reliable predictor of 
recovery in left ventricular performance? 

Myocardial viability testing has been primari-
ly validated based on its capacity to anticipate the 
restoration of contractility following revasculariza-
tion. Contractile recovery of stunned myocardium 
may occur within a timeframe of hours to days, 
whereas in myocardium affected by advanced hi-
bernation, restoration may require several months 
[13]. Observational studies consistently demon-
strate that viability assessment provide reliable pre-
diction of improvements in global left ventricular 
function following revascularization [6,11]. 

A meta-analysis encompassing 158 studies con-
cluded that all available modalities of cardiac im-
aging were comparably effective in assessing my-
ocardial viability. Positron emission tomography 
(PET) achieved the highest levels of sensitivity 
and negative predictive value, while DSE outper-
formed in terms of specificity and positive predic-
tive accuracy for segmental myocardial recovery 
[14]. Cardiac magnetic resonance imaging (CMR) 
with contrast enhancement allows for the apprais-
al of myocardial scarring, wherein late gadolinium 
enhancement (LGE) serves as a marker of necrosis 
and irreversible myocardial damage [15]. 

Early clinical studies have shown that low-dose 
DSE can support effective assessment of prognos-
tic risk and predict clinical outcomes following 
revascularization [16]. While some studies demon-
strated an association between inducible ischemia 
and improved outcomes post-revascularization, 
other investigations suggested that this relationship 
becomes less significant when factors such as scar 
burden are accounted for [17]. 

Aim of the study: 

The aim of this study is toassess the predictive 
significance of DSE–based determination of myo-
cardial viabilityin relation to clinical outcomes in 
patients presenting with ICM, including changes in 
NYHA functional class, CCS angina class, 6MWT 
performance, and LVEF. 
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Ethics Approval: 
The data collected from patients remain strictly 

confidential. Patients were not identified by name 
in any reports or publications related to this study. 
Prior to enrollment in the study, patients were given 
a comprehensive explanation of its purpose, nature, 
and risk–benefit assessment. Informed consent was 
obtained from all participants, and the study pro-
tocol was approved by the the Ethics Committee 
of the Faculty of Medicine, Alexandria University, 
under approval number 0107765. 

Patients and Methods 

Study population: 
A cohort of 60 patients with a diagnosis of ICM 

and impaired LV systolic function was recruited 
in the study,defined by an estimated EF of 40% or 
less. All participants underwent myocardial viabili-
ty assessment using DSE prior to revascularization. 
The study was carried out at Alexandria University 
Hospital, Smouha University Hospital, and the In-
ternational Cardiac Center between April 2023 and 
April 2024, with clinical and echocardiographic 
follow-up at three and six months post-revascular-
ization. The study excluded individuals with con-
traindications to DSE. 

Study design: 
The study included 60 patients diagnosed with 

ICM and LV dysfunction resulting from ischemic 
heart disease, all of whom had an estimated EF of 
40% or lower, despite being maintained on optimal 
guideline-directed medical therapy (GDMT) based 
on the most recent heart failure (HF) guidelines 
[18]. All patients underwent myocardial viability 
assessment using DSE prior to revascularization. 
The study was carried out at Alexandria University 
Hospital, Smouha University Hospital, and the In-
ternational Cardiac Center between April 2023 and 
April 2024, with clinical and echocardiographic 
follow-up at three and six months post-revasculari-
zation. Myocardial viability [19] was assessed using 
available imaging modalities, specifically DSE. 

Assessment: 

All patients underwent the following assess-
ments: (1) Detailed history taking with an empha-
sis on the clinical manifestations of HF complaints, 
NYHA functional classification, [20] CCS angina 
class, [21] drug history, coexisting comorbid con-
ditions and any contraindication to DSE; (2) The 
6MWT [22] is a standardized submaximal exercise 
test utilized to measure functional capacity and tol-
erance to physical exertion. The primary outcome 
measure is the total distance ambulated within six  

minutes, which serves as an indicator of functional 
exercise performance and is used to monitor chang-
es over time, (3) Standard 12-lead electrocardiog-
raphy (ECG) to identify arrhythmias,bundle branch 
block (BBB), QRS complex width, pathological 
Q waves or ST-segment and T-wave changes; (3) 
DSE [23]. 

Pharmacologic stress protocol with dobutamine: 
An intravenous infusion of dobutamine was in-

itiatedusing an automated syringe pump, beginning 
at a dose of 5μg/kg/min for 5 minutes, and incre-
mentally increased to 7.5 and then 10μg/kg/min in 
staged intervals; Resting and post-stage blood pres-
sure and 12-lead ECGs were recorded throughout 
the dobutamine stress echocardiography to assess 
cardiovascular response; The endpoint was defined 
as reaching 10% above baseline heart rate, with 
reassessment of EF and wall motion score index 
(WMSI) at each incremental stage; Four distinct 
patterns were examined in segments that were dys-
functional at baseline: (Fig. 1). 
1- Biphasic response: Initial improvement in wall 

motion at low-dose dobutamine (5 or 10μg), fol-
lowed by worsening with high-dose dobutamine. 

2- Sustained improvement: Continuous improve-
ment in wall motion at either low or high-dose 
dobutamine, with no subsequent deterioration. 

3- Worsening: Deterioration in wall motion at ei-
ther low or high-dose dobutamine. 

4- No change: No improvement or worsening of 
wall motion throughout the test. 

Dysfunctional segments were considered via-
ble if they displayed any pattern except for the “no 
change” pattern. 

(4) PCI was performed for revascularization. 
Follow-up assessments were performed at three and 
six months following revascularization to evaluate 
clinical outcomes, including changes in NYHA 
functional class, 6MWT performance, and CCS an-
gina class, as well as echocardiographic evaluation 
of using the Modified Simpson’s method. 

Statistical methods: 
Data were entered into a computerized database 

and subsequently analyzed with IBM SPSS Sta-
tistics software, version 20.0 (Armonk, NY: IBM 
Corp). Qualitative data were expressed as frequen-
cies and percentages. The normality of the data 
distribution was evaluated using the Shapiro-Wilk 
test. Quantitative data were presented as range 
(minimum and maximum), mean, standard devia-
tion, median, and interquartile range (IQR). A 5% 
significance level was used to assess the statistical 
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Table (1): Baseline clinical characteristics. 

Baseline (n=60) 

NYHA Class: 

Class I 

Class II 

Class III 

Class IV 

CCS Angina stage: 
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Stage 3 

Stage 4 

6MWT: 
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Mean ± S.D. 

HR: 

Range 

Mean ± S.D. 

Systolic BP: 
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Mean ± S.D. 
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Range 

Mean ± S.D. 
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0 0 
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significance of the results. Categorical variables be-
tween groups were compared using the Chi-square 
test, with Fisher’s Exact test applied when more 
than 20% of cells had an expected count of less  

than 5. The Student’s t-test was applied to compare 
normally distributed quantitative variables between 
two groups, while the Mann-Whitney test was used 
for non-normally distributed quantitative variables. 

Rest 0 5 10 13 16 19 

Digital Digital Digital Digital 
acquisition acquisition acquisition acquisition 

Echo 1 Echo 2 Echo 3 Echo 4 Echo 5 Echo 6 Echo 7 

Fig. (1): Dobutamine stress echocardiography protocol. 

Results 

Demographic data: 

Patients included in the study had a mean age of 
58. 9±9.9 years. Male patients constituted 76.7% of 
the cohort, while female patients comprised 23.3%. 
A history of smoking was identified in 70.0% of 
the patients. Diabetes mellitus (DM) was present in 
48.3% of the cohort, and hypertension (HTN) was 
reported in 48.3% of the patients. A history of ACS 
was present in 81.7% of the patients, and 35.0% 
had been revascularized previously, either via PCI 
or coronary artery bypass grafting (CABG). Chron-
ic kidney disease (CKD) was diagnosed in 23.3% 
of the patients. 

Clinical profile at baseline: 

At baseline, assessment in accordance with 
NYHA functional class criteria revealed that no pa-
tients were classified as Class I or Class IV. A total 
of 51.7% of patients were categorized as Class II, 
while 48.3% were classified as Class III. Regard-
ing the CCS angina classification, most patients 
were categorized as CCS Class 2 (55.0%) or CCS 
Class 3 (41.7%), with only 3.3% classified as CCS 
Class 1. The 6MWT distances ranged from 250 to 
420 meters at baseline. Baseline heart rate (HR) 
ranged from 60 to 95 beats per minute (bpm). Sys-
tolic blood pressure (BP) at baseline ranged from 
90 to 140 mmHg, with a mean of 112.83±14.15 
mmHg. Diastolic BP ranged from 50 to 90 mmHg. 
(Table 1). 
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Myocardial viability assessment: 
Among the 60 patients who underwent DSE, 

75% demonstrated non-viable myocardial seg-
ments in the territory of the LAD artery, represent-
ing the most frequently affected region. A smaller 
proportion of patients exhibited non-viable seg-
ments in the RCA (6.7%) or in both the LAD and 
RCA territories (6.7%). Non-viable segments in 
the Left Circumflex (LCX) artery were identified in 
only one patient (1.7%). Overall, viable myocardial 
segments were present in 10% of the cohort. 

Pertaining to the extent of myocardial non-via-
bility, the range of number of the affected segments 
was from 0 to 9, with a mean of 5.17±2.60 seg-
ments. The median number of non-viable segments 
was 5.0, with an interquartile range (IQR) of 5.0 
to 7.0, indicating a relatively broad distribution of 
myocardial scarring among the patients. 

An improvement in EF by ≥5 percentage points 
was observed in 29 patients (48.3%) following the 
DSE study, whereas 31 patients (51.6%) showed 
either no improvement or an EF increase of less 
than 5 percentage points. (Table 2). 

Table (2): DSE Findings. 

No. % 

Non-viable segment territory: 
No 6 10.0 
LAD 45 75.0 
LCX 1 1.7 
RCA 4 6.7 
LAD & RCA 4 6.7 

No. of non-viable segments: 
Min. – Max. 0.0 – 9.0 
Mean ± SD. 5.17±2.60 
Median (IQR) 5.0 (5.0 – 7.0) 

EF Increase ≥5 points: 
Present 29 48.3 
Absent 31 51.6 

Follow-up evaluation of clinical data at 3 and 
6 months: 

All patients underwent revascularization via 
PCI, and clinical outcome parameters were evalu-
ated three and six months after the procedure. 

NYHA Functional class follow-up assessment at 
3 and 6 months: 

At three months post-revascularization, NYHA 
functional class showed marked improvement. 
Specifically, 16.7% of patients were classified as 
NYHA Class I, and the proportion in Class II in- 

creased significantly to 71.7%. The percentage of 
patients in Class III declined markedly to 11.7%, 
with no patients categorized as Class IV. 

By the end of six months, further clinical im-
provement was documented. A total of 27.6% of 
patients achieved NYHA Class I status, and 62.1% 
remained in NYHA Class II. The proportion of 
NYHA Class III patients further declined to 8.6%, 
while 1.7% of patients were newly categorized as 
NYHA Class IV. Statistical analysis demonstrat-
ed significant differences across the assessed time 
points, with p-values <0.001 at both three and six 
months compared to baseline, indicating a statisti-
cally significant improvement in NYHA functional 
classification over time. 

Follow-up assessment of angina severity ac-
cording to CCS classification at 3 and 6 months: 

The findings demonstrated significant changes 
in CCS angina classification across the evaluated 
time points. 

At three months post-revascularization, a sub-
stantial improvement in anginal symptoms was ob-
served, with 80.0% of patients categorized as CCS 
Class I, while the proportions of patients in CCS 
Class II and III decreased to 18.3% and 1.7%, re-
spectively. 

This positive trend persisted at six months, with 
82.8% of patients classified as CCS Class I, and 
only 15.5% and 1.7% classified as Class II and III, 
respectively. Notably, no patients were classified as 
Class IV at any time point. 

Statistical analysis revealed p-values of <0.001 
at both three and six months, indicating ameaning-
ful improvement in CCS classification with statis-
tical significance and a marked reduction in symp-
tom severity over time. 

6MWT Performance over time: 
The 6MWT distances demonstrated progressive 

improvement over the follow-up period. At base-
line, the mean distance covered was 351.50±35.65 
meters. This increased to 368.17±40.27 meters at 
3 months and further to 399.20±58.52 meters at 6 
months. The range of distances spanned from 230 
to 450 meters at 3 months and from 230 to 530 
meters at 6 months. The mean improvement from 
baseline was 18.97±34.78 meters at 3 months and 
48.03±49.64 meters at 6 months. These gains were 
statistically significant across both time intervals, 
with p-values of 0.001 and <0.001, respectively, 
indicating a meaningful enhancement in functional 
capacity. 
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Predictive role of myocardial viability on clini-
cal outcomes: 

Correlation between non-viable myocardial 
segments and NYHA functional class at 3 and 6 
months: 

The analysis of the relationship between chang-
es in NYHA functional class and the number of 
non-viable myocardial segments (qualitative data) 
yielded a p-value of 0.073, indicating that the num-
ber of non-viable myocardial segments did not dif-
fer significantlyacross groups based on NYHA class 
changes. However, the quantitative data trends indi-
cate thatpatients who developed a betterment in the 
NYHA functional classgenerally had fewer non-vi-
able segments on average: A Spearman correlation 
coefficient (ρ) of -0.280, with a p-value of 0.033, 
was noted, indicating amoderate negative correla-
tion, with statistical significance, was observed be-
tween the change in NYHA class and the number 
of non-viable segments. This suggests that a greater 
number of non-viable segments is associated with 
less improvement in NYHA functional status. 

Correlation between non-viable myocardial 
segments and CCS angina classification at 3 and 
6 months: 

A moderate negative correlation was noted be-
tween changes in CCS angina classification and 
the number of non-viable segments with Spearman 
correlation coefficient (ρ) of -0.258, with a p-val-
ue of 0.049. This suggests that as the number of 
non-viable segments increases, the extent of en-
hancement in CCS angina classification tends to 
decrease. In other words, patients with a greater 
extent of myocardial scarring generally exhibit less 
improvement in their clinical status, as reflected in 
the CCS angina classification. (Fig. 2). 

1 2 3 4 

Change in CCS 

1=Dis improved, 2=The same, 3=Improved 

Fig. (2): Correlation between non-viable segments and CCS 
Classification at 3 and 6 Months (n=58). 

Correlation between non-viable myocardial 
segments and 6MWT by 6 months: 

A lack of statistically significant correlation 
was found between changes (improvement) in 
6MWT performance and the number of non-viable 
segments.The Spearman correlation coefficient (ρ) 
was –0.233, and the p-value was 0.078, indicating 
statistically insignificant relationship. This result 
suggests that the improvement in physical func-
tional status, as measured by the 6MWT, is not re-
lated to the extent of non-viable myocardium. 

Correlation between non-viable myocardial 
segments and EF changes at 3 and 6 months: 

A statistically significant correlation was iden-
tified between changes in EF and the number of 
non-viable segments over the follow-up duration. 
A greater number of non-viable segments was 
linked to a smaller improvement in EF. 

There was a significant negative linear correla-
tion between the number of non-viable segments 
and EF at both three months (r=–0.487, p<0.001) 
and six months (r=–0.493, p<0.001). These obser-
vations imply that a higher number of non-viable 
segments is significantly linked with a reduced EF 
at both the three-month and six-month evaluations. 
(Fig. 3). 

0 2 4 6 8 10 

No. of scarred segments 

Fig. (3): Correlation between non-viable segment count and 
changes in Ejection Fraction (EF) at 6 Months (n=58). 

Correlation between EF increase ≥5 points by 
DSE and EF change at 3 and 6 months: 

A statistically significant correlation was found 
between an EF increase of >_5 points detected by 
DSE and changes in EF during the follow-up pe-
riod. Patients who demonstrated an EF increase of 
>_5 points on DSE exhibited greater improvements 
in EF over time. There was a statistically signifi-
cant and robust positive correlationbetween the 
EF increase by DSE and EF change at both three 
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months (r=0.80, p<0.001) and six months (r=0.85, 
p<0.001), supporting the prognostic value of myo-
cardial viability in predicting EF recovery follow-
ing revascularization. 

Discussion 

This prospective cohort study investigates the 
myocardial viability as an independent predictor of 
favorable clinical outcomes in patients diagnosed 
with ICM treated with PCI, with particular empha-
sis on changes in NYHA functional classification, 
CCS classification of angina severity, and func-
tional exercise tolerance. The results of this study 
were evaluated in comparison with key clinical 
trials such as STICH [24] , REVIVED-BCIS2 [25], 
ISCHEMIA [26] , and others, to position the findings 
within the broader scope of current evidence and to 
better elucidate their clinical implications. 

In terms of NYHA functional status, our co-
hort closely resembled the STICH trial population, 
with the most patients categorized as NYHA class 
II or class III at baseline, in contrast to the RE-
VIVED-BCIS2 trial, where most participants were 
grouped under NYHA class I or class II.Notably-
,none of the patients in our study weredesignatedas 
NYHA functional class IV. Follow-up evaluation 
revealed a notable enhancement in NYHA func-
tional status, marked by a substantial decline in the 
number of patients in class III (48.3% at baseline) 
as most transitioned to class II or lower (p<0.001). 

Unlike our study, neither the STICH nor the 
REVIVED trials reported changes in NYHA class 
as a specific outcome. While NYHA classification 
remains a subjective parameter, the improvement 
observed in our cohort may reflect not only the ef-
fect of revascularization but also the optimization 
of GDMT during follow-up. These findings under-
score the potential role of PCI in enhancing symp-
tomatic status in patients with ICM. However, fur-
ther well-designed randomized controlled trials are 
warrantedto validate the relationship between PCI 
and improvements in patient-reported dyspnea. 

Bax et al. [27] reported comparable improve-
ments in NYHA functional classification after 
coronary revascularization procedures in patients 
presenting with ischemic LV dysfunction and ev-
idence of myocardial viabilityassessed by DSE. 
The study included 68 patients and evaluated out-
comes at three months post-revascularization. Pa-
tients exhibiting four or moreviable myocardial 
segments on DSE (Group A, n=22) demonstrated a 
statistically significant increase in LVEF, which in-
creased from 27%±6% to 33%±7% (p<0.01), along  

with notable improvements in NYHA functional 
classification (from 3.2±0.7 to 1.6±0.5; p<0.01) 
and CCS angina class (from 2.9±0.3 to 1.2±0.4; 
p<0.01). Conversely, patients having fewer than 
four viable myocardial segments (Group B, n=40) 
showed no significant changes in LVEF or NYHA 
functional class. Nevertheless, there was a marked 
improvement in CCS angina class, decreasing from 
3.0 ± 0.8 to 1.3±0.5 (p<0.01). Furthermore, Group 
B experienced a significantly higher long-term 
event rate in comparison to Group A (47% vs. 17%, 
p<0.05), highlighting the predictive significance of 
myocardial viability in guiding revascularization 
decisions. 

In our cohort, most patients presented at base-
line with CCS angina class II (55%) or class III 
(48%), with no patients classified as CCS class IV. 
In comparison, the REVIVED and STICH trials 
reported lower baseline angina burden, with a sig-
nificant proportion of patients being asymptomatic 
(66% in REVIVED and 36% in STICH) or classi-
fied as CCS class I or II (32% and 56%, respective-
ly). In our study, angina severity improved signifi-
cantly, with the majority of patients transitioning to 
CCS class I status by six months post-intervention 
(p<0.001). Notably, both REVIVED and STICH 
trials did not explicitly evaluate or report angina 
class improvement as a clinical endpoint following 
revascularization. 

In our study, the 6MWT distance demonstrat-
ed a significant improvement over time, increasing 
from a baseline mean of 351.5±35.65 meters to 
notably higher values at both 3 and 6 months. This 
enhancement was particularly evident in patients 
with a lower number of non-viable myocardial 
segments. 

Myocardial viability assessment: 
In our study, myocardial viability was assessed 

using DSE. Non-viable myocardial segments were 
most commonly localized to the LAD artery terri-
tory (75%), followed by combined LAD and RCA 
involvement (6.7%). An inverse correlation was 
found between the number of non-viable myocar-
dial segments and the degree of recovered LVEF 
during follow-up (r=–0.493, p<0.001), implying 
that a higher burden of non-viable myocardium 
adversely impacts post-revascularization LV func-
tional improvement. 

These findings are consistent with previously 
reported findings by Bax et al., [27] who established 
a significant correlation between the number of via-
ble myocardial segments identified by DSE and the 
degree of enhancement in LVEF following revas- 
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cularization (y = 1.37× − 2.04; p<0.001, r=0.70, n 
= 62). Their study found no significant association 
between the number of non-viable segments and 
LVEF changes. A threshold of >-4 myocardial seg-
ments exhibiting dysfunction but retaining viability 
was associated with optimal accuracy of diagnostic 
methods for forecasting LVEF improvement, with 
a sensitivity of 86%, specificity of 90%, negative 
predictive value of 93%, and positive predictive 
value of 82%. 

Viability assessment has long been regarded as 
a pivotal element in the clinical evaluation of ICM 
patients, serving as a predictive marker for func-
tional improvement following revascularization 
[28]. In our analysis, a robust negative correlation 
was shown between the number of non-viable my-
ocardial segments and LVEFincrease, only moder-
ate negative correlations were noted for changes in 
NYHA class (r=–0.280, p=0.033) and CCS angina 
class (r=–0.258, p=0.049),on the other hand, no 
meaningful correlation was found for changes in 
6MWT distance (r=–0.233, p=0.078). Conversely, 
a notable positive association was demonstrated 
between a DSE-predicted LVEF increase of >-5% 
and the actual change in LVEF during follow-up 
(r=0.85, p<0.001). 

The present results are supported by the me-
ta-analysis conducted by Allman et al., [13] which 
included 24 limited-scale, single-institution stud-
ies totaling 573 patients having CAD and reduced 
LVEF (mean 33%, range 27%–46%). The analysis 
confirmed that the existence of viable myocardi-
al tissue was a strong prognostic indicator of im-
proved outcomes following coronary revasculari-
zation. However, the conclusions were limited by 
the retrospective design of the included studies, 
heterogeneous viability assessment methods, lack 
of standardized treatment protocols, and absence 
of randomization, all of which introduced potential 
for systematic bias. 

In contrast to our results, the findings of the 
STICH trial yielded different outcomes. 

The STICH trial was the first prospective study 
to study the association between viability of myo-
cardial segments and clinical outcomes in ICM pa-
tients. While the main results of the trial affirmed the 
benefit of surgical revascularization, the pre-spec-
ified viability sub-study did not provide evidence 
fora statistically significant interplay between the 
degree of myocardial viability and the administered 
treatment. Despite the association of myocardial 
viability with a modest increase in LVEF (+2.29 
±0.56%) Throughout the follow-up period, this  

effect was independent of the assigned treatment 
strategy and had no impact on survival outcomes. 
These findings were reinforced by subsequent ret-
rospective studies that similarly showed no clear 
survival benefit from surgical revascularization 
based on viability status or postoperative changes 
in LVEF [29,30]. However, the STICH sub-study 
faced limitations, including its non-randomized 
viability assessment, use of multiple non-uniform 
SPECT protocols, and lenient thresholds for defin-
ing viability, [31] which may have limited its ability 
to detect clinically meaningful associations. 

Earlier retrospective studies have indicated 
that significant hibernating myocardium, defined 
as greater than 15%–20% of left ventricular mass 
on PET imaging, may serve as a marker for guid-
ing patient selection for coronary revascularization 
based on predicted benefit. The present findings 
were corroborated by the small Ottawa sub-study 
of the PARR-2 trial, which comprised 111 patients. 
This sub-study revealed a significantly reduced 
incidence ofcardiovascular events among patients 
who underwent PET-guided myocardial revascu-
larization relative to those managed with standard 
therapy (p=0.005). However, since mortality end-
points, including overall and cardiac-specific mor-
tality, were not within the study’s objectives, its 
broader clinical applicability remains limited [32]. 

A meta-analysis performed by Liga et al. 
(2023), [33] which contained all available evidence 
from major randomized controlled trials (RCTs) in 
ICM, found no significant additional efficacy of a 
viability-based therapeutic approach comprising 
coronary revascularization in patients demonstrat-
ing substantial viability alongside optimal medi-
cal therapy (OMT) was assessed in comparison to 
OMT alone with respect to survival.Data regarding 
patient management guided by viability imaging 
were available for 1,623 subjects. The predomi-
nant portion of these patientswere recruited in the 
REVIVED-BCIS2 (N = 700; 43%) and STICH (N 
= 601; 37%) trials, with smaller numbers from the 
PARR-2 (11%) and HEART (9%) trials. Of these, 
858 patients (53%) had management decisions 
guided by viability imaging results, while 765 pa-
tients’ management was independent of imaging 
results. No significant heterogeneity was observed 
between studies. 

Conclusion: 
This study underscores the predictive value 

of myocardial viability in improving clinical out-
comes for patients with ICM, particularly in those 
with fewer non-viable myocardial segments. 
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Recommendation: 
Advanced myocardial viability assessment such 

as DSE or CMR should be systematically integrated 
into clinical decision-making to determine which 
ICM patients are most suitable candidates for PCI 
based on expected therapeutic benefit, particularly 
those with a lower burden of non-viable myocardial 
segments. Functional recovery should be evaluated 
through structured follow-up using validated tools, 
including the NYHA and CCS angina classifica-
tions, along with the 6MWT, to objectively assess 
improvements in symptoms and exercise capacity. 
Additionally, the establishment of comprehensive 
patient education initiatives, combined with routine 
follow-up at dedicated heart failure clinics, is es-
sential to ensure adherence to GDMT, thereby op-
timizing sustained clinical outcomes and quality of 
life indicators as reported by patients. 

Study Limitation: 

In this study, myocardial viability was assessed 
using DSE, which, while widely accessible and 
practical, may have reduced sensitivity in patients 
exhibiting marked baseline regional wall motion 
abnormalities. Moreover, DSE accuracy is subject 
to operator expertise, introducing potential varia-
bility in interpretation. Additional limitations com-
prise the limited sample size and brief follow-up 
period and this could restrict the generalizability 
and long-term applicability of the findings. 
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