
Copyright@Author(s) - Available online at anatoljcardiol.com.
Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 
4.0 International License.

637

TURKISH
SOCIETY OF
CARDIOLOGY

THE ANATOLIAN
JOURNAL OF
CARDIOLOGY

Official journal of the

Sharma et al.

Accuracy of Strain Echocardiography in Determining Myocardial Viability

ORIGINAL INVESTIGATION

Accuracy of Global Longitudinal and Territorial 
Longitudinal Strain in Determining Myocardial 
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Emission Computed Tomography in Out of 
Window Period Anterior Wall Myocardial 
Infarction Patients

ABSTRACT

Background: To determine the accuracy of global longitudinal strain and territorial 
longitudinal strain in determining myocardial viability in comparison to single-pho-
ton emission computed tomography in out of window period anterior wall myocardial  
infarction patients.

Methods: This was a single-center, prospective study carried out in a tertiary care center 
in northern India. All patients presenting with anterior wall myocardial infarction–out of 
window period without ongoing chest pain and akinetic left-anterior descending terri-
tory on echocardiography were recruited. All patients underwent strain echocardiogra-
phy and the determination of both global longitudinal strain and territorial longitudinal 
strain within 12-48 hours of anterior wall myocardial infarction. In addition, all underwent 
single-photon emission computed tomography to determine the viability status of the 
anterior myocardium.

Results: Fifty-one patients of anterior wall myocardial infarction–out of window period 
were enrolled and underwent strain imaging with speckle tracking and single-photon 
emission computed tomography for viability determination. Gobal longitudinal strain 
and territorial longitudinal strain were significantly reduced in patients with nonvi-
able myocardium (P < .001). On receiver-operating curves, a gobal longitudinal strain 
of <10.45% had a sensitivity of 77.8% and specificity of 93.9% (AUC = 0.889) in predicting 
nonviability on single-photon emission computed tomography. Similarly, a territorial lon-
gitudinal strain of <7.60% had a sensitivity of 77.8% and specificity of 84.8% (AUC = 0.825) 
in predicting nonviability.

Conclusions: Treatment strategies in patients presenting with anterior wall myocardial 
infarction, outside the window period is largely guided by the hemodynamic status and 
influenced by the viability status of the myocardium. Strain echocardiography using 
speckle tracking provides gobal longitudinal strain and territorial longitudinal strain, both 
of which have good sensitivity and specificity in predicting viability and can be performed 
safely and quickly in high-risk group of patients.

Keywords: Strain echocardiography, global longitudinal strain, territorial longitudinal 
strain, anterior wall myocardial infarction, myocardial viability

INTRODUCTION

ST-elevation anterior wall myocardial infarction (AWMI) accounts for 33% of all 
ST-elevation myocardial infarction (STEMI) and is associated with increased mor-
bidity and mortality.1 Prognosis is worse compared to inferior or posterior wall 
infarction and there is increased risk of left ventricular failure, malignant ventric-
ular arrythmias, and death.2 Immediate revascularization and restoration of cor-
onary blood flow remains is essential for successful outcomes. However, a large 
proportion of patients, especially in the Indian scenario present late in course, 
are outside the window period.3 Finding of an akinetic left anterior descending 
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(LAD) artery is common in these patients and in the absence 
of ongoing chest pain, the revascularization strategy is pri-
marily guided by the viability status. Timely recognition of 
the viability status has clinical implications as only the via-
ble segments show functional recovery and correlate with 
improved long-term outcomes.4

METHODS

This was a single-center, prospective, observational study 
carried out in a tertiary care center in Northern India. All 
patients presenting with AWMI–OWP (>12 hours after the 
onset of chest pain) without ongoing chest pain and aki-
netic LAD territory on echocardiography from December 
2020 to September 2021 were recruited. All patients under-
went strain echocardiography and determination of both 
global longitudinal strain (GLS) and territorial longitudi-
nal strain (TLS) within 12-48 hours of AWMI was done. In 
addition, all underwent single-photon emission computed 
tomography (SPECT) to determine the viability status of the 
anterior myocardium within 24 hours of strain echocardiog-
raphy. On SPECT, a defect >5% myocardial territory show-
ing severe reperfusion defect was considered as a marker of 
nonviability.

2D-Speckle Tracking Echocardiography
Strain imaging was performed, analyzed, and reported 
as per standardized recommendations5 on Philips EPIC 7C 
(Philips Healthcare; Best, The Netherlands) echocardiog-
raphy machine. Longitudinal strain imaging by 2D-speckle 
tracking echocardiography was done with high-quality 
ECG-gated images from the apical four-, two-, and three-
chamber views. The gain settings were optimized. The depth 
was reduced so that the left ventricle occupied most of the 
image sector. Care was taken to avoid foreshortening of the 
LV, the gray-scale frame rate was kept between 50 and 90 
frames/s; minimum 3 cardiac cycles were obtained for each 
loop. All the images were obtained in breath-hold to avoid 
any breathing artifacts. The endocardial border of the left 
ventricle was traced manually throughout in the end-systolic 
frames in all the 3 apical views. The software subsequently 
generated a region-of-interest (ROI) to include the entire 
myocardial thickness. Care was taken to avoid the bright 
echogenic pericardium in the ROI. The software then tracked 
the myocardial speckles frame-by-frame and generated 

moving images displaying the tracking. Adequacy of the 
tracking was determined by visually inspecting the moving 
image. When it was found to be inaccurate, the operator 
returned and readjusted the ROI accordingly. The strain val-
ues for all the segments were recorded and averaged which 
yielded the GLS and also generated the bull’s eye display of 
the regional and global strains.

The territorial longitudinal strain of the LAD territory was 
calculated based on the segment model proposed by the 
American Heart Association.6 Basal and mid-anterior wall, 
anteroseptal segments along with apical anterior, and septal 
segments were taken to be supplied by the LAD. The mean 
of all the 6 segments was taken as the TLS of the LAD ter-
ritory. In addition, layer-specific strains were performed for 
better characterization of ischemic myocardium and endo-
cardial, mid-myocardial, and epicardial longitudinal strains 
were determined.

SPECT
All SPECT studies were performed with 24 hours of the 
strain echocardiography. SPECT myocardial perfusion scin-
tigraphy was performed after intravenous injection of 
10 mCi of Tc-99m MIBI in the resting condition, 5 minutes 
after sublingual administration of 5 mg of nitrate. Imaging 
was performed in dedicated CZT cardiac gamma camera. 
Reconstruction of SPECT images was done and interpreted. 
Severely reduced resting myocardial perfusion (matched 
defects) of >5% in the LAD territory segments was taken as a 
marker of nonviable myocardium.

Inclusion Criteria
1. ST-elevation AWMI patients presenting OWP (>12 

hours).
2. Akinetic LAD territory on echocardiography.
3. Absence of ongoing chest pain.
4. Both strain echocardiography and SPECT performed 

during hospital admission.

Exclusion Criteria
1. Presentation within window period (<12 hours).
2. Ongoing chest pain.
3. Candidate for immediate percutaneous revasculariza-

tion as per physician’s discretion.
4. Either of strain echocardiography or SPECT could not be 

performed.
5. Poor echocardiography window limiting accurate strain 

echocardiography.
6. Patients unwilling to give consent.

The study aimed at determining the accuracy of strain echo-
cardiographic parameters compared to SPECT in predicting 
myocardial viability in patients of AWMI presenting OWP, 
having an akinetic LAD territory on echocardiogram.

Ethical Justification
The study protocol conformed to the ethical guidelines of the 
declaration of Helsinki and is in line with guideline-directed 
management of OWP AWMI patients. The strain echocar-
diography software was preinstalled in the Philips EPIC 7C 
echocardiography machine, and all strain echocardiographs 
were performed at no additional cost to the patients. All 

HIGHLIGHTS
• Timely recognition of the viability status has clinical 

implications in myocardial infraction patients.
• Strain echocardiography is safe and easy to perform in 

the sickest of patients.
• Endocardial gobal longitudinal strain of <10.45% 

had a sensitivity of 77.8% and specificity of 93.9% 
(AUROC = 0.889) in predicting nonviability.

• Endocardial territorial longitudinal strainof <7.60% 
had a sensitivity of 77.8% and specificity of 84.8% 
(AUROC = 0.825) in predicting nonviability.
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patients received guideline-directed treatment7 and there 
was no deviation from usual standard of care.

Statistical Analysis
Statistical analysis was performed with Statistical Package 
for the Social Sciences version 26 (SPSS Inc., Chicago, Ill, 
USA). Variables are presented as mean ± SD or median (IQR). 
Variable was checked for outliers and normalcy (Shapiro-
Wilk test). Differences between mean were analyzed using 
an independent paired t-test. Comparison between cat-
egorical variables was done using Chi-square test or Fisher 
exact test. Receiver operating curve (ROC) analysis was 
done to find out the appropriate cutoff. A two-sided P-value 
< .05 was considered to be significant for all variables. Intra- 
and inter-observer reproducibility was performed on 20 ran-
domly selected studies by repeat assessment of endocardial 
GLS and endocardial TLS, and intraclass correlation (α value) 
was determined.

RESULTS

A total of 51 patients were recruited. Baseline characteristics 
are shown in Table 1. The mean age of the population was 
60.4 ± 12.3 years and had male preponderance with 38 (74.5%) 
patients. The mean time of presentation of 51 patients to the 
hospital was 21.4 ± 7.7 hours from the onset of chest pain. 
Past history of coronary artery disease (CAD) was present 

in 8 (15.7%) patients. All of them had stable angina without 
known coronary anatomy prior to this episode. Among them 
3 were on antianginal medication prior to this event and the 
rest took no treatment for their symptoms.

Acute left ventricular failure and cardiogenic shock was 
present in 10 (19.6%) and 11 (21.6%) patients, respectively. Out 
of 42 patients who had undegone angiography, majority of 
the patients 38 (90.5%) had single vessel disease involving the 
LAD. All but 1 patient who had undergone had hemodynami-
cally significant obstruction of LAD (>70% visual diametric 
stenosis on quantitative coronary angiography analysis). 
Only 1 patient had no evidence of coronary obstruction (pos-
sibly related to recanalization of LAD).

The mean left ventricular ejection fraction (LVEF) of the 
study group was 30.7 ± 7.0%.

Since most studies have shown that endocardial layer is 
typically involved first during ischemic states and corre-
lates best with the extent of ischemia, most analyses were 
performed using endocardial longitudinal strains. The mean 
endocardial GLS and LAD territory TLS of the study group 
was 11.45 ± 2.92% and 7.72 ± 2.49%, respectively. On SPECT, 18 
(35.3%) patients had nonviable underlying myocardium.

Parameters (Table 2) that were significantly associated with 
nonviability on SPECT included past history of CAD, dyslip-
idemia, and presentation with left ventricular failure or car-
diogenic shock. The mean LVEF was significantly lower in the 
group with nonviability on SPECT (34.2 ± 4.8% vs. 24.1 ± 5.5%; 
P < .001). Both endocardial GLS (12.9 ± 1.4% vs. 8.6 ± 2.9%; 
P < .001) and endocardial TLS (8.8 ± 1.4% vs 5.7 ± 2.7%; 

Table 1. Baseline Patient Characteristics

Variable Frequency

Mean age in years (±SD) 60.4 ± 12.3

Sex, n (%) (n = 51)

Female 13 (25.5%)

Male 38 (74.5%)

Mean BMI (kg/m2) (±SD) 22.9 (±3.72)

Co-Morbidities, n (%) (n = 51)

Diabetes mellitus 11 (21.6%)

Hypertension 22 (43.1%)

Past history of CAD 8 (15.7%)

Smoking 9 (33.3%)

Dyslipidemia 15 (29.4%)

Complications, n (%) (n = 51)

Acute left ventricular failure 10 (19.6%)

Cardiogenic shock 11 (21.6%)

Echocardiographic parameters (n = 51)

Mean LVEF (%) (± SD) 30.7 ± 7.0%.

Mean GLS (%) (± SD) −11.45 ± 2.92%

Mean LAD territory TLS (%) (± SD) 7.72 ± 2.49%

Angiographic parameters, n (%) (n = 42)

Single-vessel disease (LAD) 38 (90.5%)

Double-vessel disease 0

Triple-vessel disease 4 (9.5%)
All values are presented as the n (%). Continuous variables were pre-
sented as mean ± SD. BMI, body mass index; CAD, coronary artery dis-
ease; LVEF, left ventricular ejection fraction; GLS, global longitudinal 
strain; LAD, left anterior descending artery; TLS, territorial longitudinal 
strain.

Table 2. Parameters Influencing Viability on SPECT

Variable
Nonviable 

(n = 18)
Viable 
(n = 33) P

Age, years, mean 
(±SD) 

61.4 (±12.2) 59.8 (±12.5) .65

Sex, n (%)

Male 11 (61.1%) 27 (81.8%) .17

Female 7 (39.9%) 6 (18.2%)

Diabetes, n (%) 6 (33.3%) 5 (15.1%) .16

Hypertension, n (%) 8 (44.4%) 14 (42.4%) 1

Dyslipidaemia, n (%) 10 (55.5%) 5 (15.1%) .004

Smoking, n (%) 8 (44.4%) 11 (33.3%) .54

Past history of CAD, 
n (%)

8 (44.4%) 0 <.001

Cardiogenic shock, n 
(%)

12 (66.7%) 0 <.001

Left ventricular 
failure, n (%) 

11 (61.1%) 0 <.001

LVEF, %, mean ± (SD) 24.1 ± (5.5%) 34.2 ± (4.8%) <.001

GLS, %, mean ± (SD) 8.6 ± (2.9%) −12.9 ± (1.4%) <.001

TLS, %, mean ± (SD) −8.8 ± (1.4%) −5.7 ± (2.7%) <.001
All values are presented as the n (%). Continuous variables were pre-
sented as mean ± SD. CAD, coronary artery disease; LVEF, left ventricu-
lar ejection fraction; GLS, global longitudinal strain; TLS, territorial 
longitudinal strain.
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P < .001) were significantly lower in group showing nonviabil-
ity on SPECT (Figures 1 and 2).

Strain parameters of patients presenting with cardiogenic 
shock were also analyzed. Both endocardial GLS (12.4 ± 2.2% 
vs. 7.5 ± 2.2%; P < .001) and endocardial TLS (8.4 ± 1.8% vs. 
4.4 ± 2.3%; P < .001) were significantly reduced in patients 
presenting with cardiogenic shock.

On ROCs, an endocardial GLS of <10.45% had a sensitiv-
ity of 77.8% and specificity of 93.9% (AUC, 0.889; 95% CI, 
0.776-0.973; P < .001) in predicting nonviability on SPECT. 
Similarly, an endocardial TLS of <7.60% had a sensitivity of 
77.8% and specificity of 84.8% (AUC, 0.813; 95% CI, 0.681-
0.945; P < .001) in predicting nonviability. Both showed 
good accuracy in predicting nonviability on overall quality 
model.

In layer-specific strain analysis, all the 6 longitudinal strains 
were significantly decreased in the nonviable myocardium 
group (P < .05). Though there was no difference in perfor-
mance of any of the longitudinal strain compared to the 
other (P > .05), on ROC curve the endocardial GLS had the 
best accuracy in predicting viability (AUC, 0.889; 95% CI, 
0.776-0.973; P < .001) (Table 3 and Figure 3).

The decision to revascularize was based on the presence of 
viability on SPECT. Global longitudinal strain was determined 
for all patients but was not used to guide decision-making in 
our population. Out of 33 (64.7%) patients who had a viable 
myocardium, 27 (52.9%) patients underwent stenting to LAD 
artery. All of our patients had presented with evidence of 
acute AWMI on both electrocardiogram and echocardio-
gram. Hence, LAD was the culprit vessel in all cases. Only 
4 cases had triple vessel disease on angiogram with noncriti-
cal disease (<90%) in both left circumflex and right coronary 
arteries, and hence we believe they did not alter the overall 
results.

Reproducibility analysis was performed on 20 random 
echocardiography studies and endocardial GLS and TLS 
were assessed. The intraclass correlation coefficient (α 
value) for endocardial GLS was 0.91 and 0.85 for intra- and 
interobserver variability, respectively. While it was 0.87 and 
0.84 for intra- and interobserver variability, respectively, 
during endocardial TLS measurement suggestive of good 
reproducibility.

DISCUSSION

Determination of the size and distribution of the infarcted 
segment and its viability is valuable for optimal management 

Figure  1. Strain echocardiography images from a patient presenting with anterior wall infarction 26 hours prior to admission. 
Echocardiography showed an ejection fraction of 32% and an akinetic left anterior descending artery (LAD) segments. On strain 
echocardiography, the patient had reduced strain in the basal, mid-anterior, and apical septum as well as apical and mid-anterior 
segments (see bulls’ eye and strain curves). The left ventricular global peak longitudinal endocardial layer was 9.7% and TLS of 
LAD territory was 8.5%. The patient had adequate resting prefusion in all left ventricular segments suggestive of viable 
myocardium on SPECT imaging. Subsequently, he underwent stenting to a subtotal proximal LAD (type 3) lesion. TLS, territorial 
longitudinal strain.
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and prognostication of patients of AWMI patients who pres-
ent OWP.8 A recent study by Otaal  et  al showed that the 
presence of poor collateral on angiography in patients with 
totally occluded LAD on angiogram correlated with worse 
clinical outcomes. This indeed translates to the fact that 
nonviable myocardium (surrogate of poor collaterals) cor-
relates with poor outcome.9 Cardiac biomarkers are non-
specific and usually overestimate the extent of infarction.10 
Bedside 2D echocardiography is helpful for prompt esti-
mation of hypokinetic or akinetic segments, but correlate 
poorly with pathological changes.11 Hence it is insufficient 
for estimation of myocardial viability.

With the advancement in medical technologies, modalities 
such as SPECT, positron emission tomography (PET), dobu-
tamine stress echocardiography (DSE), and late gadolinium 
enhancement by cardiac magnetic resonance have come up, 
all of which have shown good accuracy in predicting myo-
cardial viability.12-15 However, each of these modalities has 
certain adverse/untoward effects which render their use 
impractical in certain situations. 

Single-photon emission computed tomography and posi-
tron emission tomography both are expensive and require  
radionuclide contrast administration, DSE carries risk of 
malignant ventricular arrythmia and is challenging in acute 

AWMI patients, cardiac magnetic resonance requires the 
administration of gadolinium contrast which is contrain-
dicated in patients with renal dysfunction and besides it is 
expensive. A common theme across all these modalities is 
the time needed to perform and interpret these investiga-
tions which in patients of MI directly translate into ongoing 
myocardial ischemia. Another fact is that they might not be 
readily available especially in resource-constrained setting.

Though stain echocardiography has widely reported 
to correlate with viability in chronic LV dysfunction 
patients,16 there is limited data on its accuracy in the acute 
setting. Global longitudinal strain has previously been 
demonstrated to be a strong predictor of LV remodeling 
and subsequent major cardiovascular events.17 Global lon-
gitudinal strain of <13% was 80% sensitive and 83% spe-
cific in predicting the extent of transmural infarction on 
CMR.18 Another study by Eek et al showed good accuracy of 
GLS with CMR viability at a GLS of <13.8% in non-ST-eleva-
tion myocardial infarction (NSTEMI) patients.19 In a recent 
metanalysis, comprising STEMI and NSTEMI patients, GLS 
had good accuracy at predicting viability compared to 
CMR.20 Limited studies have evaluated viability prediction 
by strain echocardiography in STEMI patients with varying 
accuracy.21–24

Figure  2. Strain echocardiography images from a patient presenting with anterior wall infarction 29 hours prior to admission. 
Echocardiography showed an ejection fraction of 30% and an akinetic left anterior descending artery (LAD) segments. On strain 
echocardiography, the patient had markedly reduced strain in the basal, mid-anterior, and apical septum as well as apical and 
mid-anterior segments (see bulls’ eye and strain curves). The left ventricular global peak longitudinal endocardial was 5.9% and 
TLS of LAD territory was 3.8%. The patient had severely reduced perfusion in basal, mid-anterior, and apical septum, as well as in 
the mid-anterior segment involving 44-46% of left ventricular myocardium suggestive of nonviability on SPECT imaging. His 
angiogram revealed a subtotal proximal LAD (type 3) lesion and was managed conservatively.
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To the best of our knowledge, this is the first study focus-
ing solely on determining viability in OWP AWMI patients 
using strain echocardiography. In our study, we compared 
myocardial deformation estimation by speckle tracking 
2D strain with SPECT which is most commonly used for 
viability estimation at our center. We found that either 
an endocardial GLS of <10.45% or an endocardial TLS of 
<7.60% both had good accuracy in determining nonvi-
ability on SPECT as determined by the ROC curve and the 
overall quality model. Recent studies by Cimino et al25 and 
Bendary  et  al26 both showed improved accuracy of TLS in 
predicting myocardial infarct size and extent compared 
to GLS. Hence, given the high accuracy of GLS and TLS in 
our study, there is cautious optimism regarding its clini-
cal application in selected patients who are unsuitable for 
undergoing conventional imaging and need viability esti-
mation in a timely manner.

Layer-specific strain analysis allows assessment of each of 
the myocardial layers separately. Longitudinal endocardial 
layer is indeed the most sensitive parameter for detecting 
the presence of ischemia as the endocardial layer is first 
involved in the ischemic process. This has been validated in 
prior studies on patients with acute coronary syndromes as 
well as in those with stable angina.27,28 However, once there 
is significant CAD, all of the layers are involved eventually. In 
a recent study, it has been shown that both GLS and layer-
specific strain when used in combination can help increase 
the diagnostic accuracy of SPECT.29 We have shown in our 
study that amongst the layer-specific longitudinal strains, 
endocardial GLS had the best correlation with non-viability 
on SPECT.

A major limitation is the small size of our study and the fact 
we only recruited OWP AWMI patients. Hence, our results 
cannot be generalized to all STEMI patients. Another limita-
tion is that we did not take into account the coronary anat-
omy variations. Myocardial function assigned to a specific 
vascular territory by Cerqueira et al6 may not necessarily 
reflect the real coronary distribution. Furthermore, networks 
formed by microvascular communications between coro-
nary arteries can give rise to zones of dual arterial perfusion, 
making strict regional analysis was somewhat inaccurate. 
Larger studies are needed to validate the findings of the cur-
rent study. However, despite the small sample size, the strong 
agreement between strain echocardiographic parameters 
and viability on SPECT merits attention.

CONCLUSION

Treatment strategies in patients presenting with AWMI, 
outside the window period, are largely guided by the hemo-
dynamic status and influenced by the viability status of the 

Table 3. Comparison of Layer-Specific Strain Among the 
Viable and Nonviable Myocardium Groups

Variable 

Viable 
Myocardium 

(n = 33)

Nonviable 
Myocardium 

(n = 18) P 

Epicardial GLS ± (SD) 10.2 ± 1.7 6.8 ± 2.4 <.001 

Mid-myocardial 
GLS ± (SD)

11.48 ± 1.7 7.6 ±2.6 <.001

Endocardial GLS ± (SD) 12.9 ± 1.4 8.6 ± 2.9 <.001

Epicardial TLS ± (SD) 7.2 ± 1.4 4.8 ±2.6 <.001

Mid-myocardial 
TLS ± (SD)

8.0 ± 1.5 5.3 ±2.6 <.001

Endocardial TLS ± (SD) 8.8 ± 1.4 5.7 ± 2.7 <.001
Continuous variables were presented as mean ± SD. GLS, global longi-
tudinal strain; TLS, territorial longitudinal strain.

Figure  3. Excellent accuracy of all the layer-specific global longitudinal strain (GLS) and territorial longitudinal strain (TLS) 
parameters in predicting nonviability on SPECT on ROC curve. Endocardial GLS had the best accuracy in predicting viability (AUC, 
0.889; 95% CI, 0.776-0.973; P < .001). SPECT, single-photon emission computed tomography; ROC, receiver operating curve
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myocardium. Modalities like CMR, SPECT, or PET are resource 
dependent and take time to be performed. Hence, performing 
these investigations is challenging in frail, unstable patients or 
those with renal dysfunction. Strain echocardiography using 
speckle tracking provides GLS and TLS, both of which have 
good sensitivity and specificity in predicting viability and can 
be performed safely and quickly in this high-risk group.
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