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ABSTRACT
Introduction: The increasing prevalence of heart failure (HF) in coronary artery disease (CAD) urgently requires the

establishment of new imaging techniques for early diagnosis and also to guide treatment of patients presented with

acute coronary syndromes (ACS). Conventional echocardiography (CE) and electrocardiogram (ECG) are the gold

standard methods in assessing myocardial ischemia (MI) and the function of the heart in patients with coronary

artery disease (CAD). The lack of ST elevation by ECG and regional wall motion abnormalities by CE in non-ST

segment elevation myocardial infarction (NSTEACS) in ACS patients reflect limited sensitivity of ECG and CE in

identifying patients with acute coronary occlusion (ACO) and proper assessment of myocardial viability.

Aim of this study: This study now evaluates the ability of strain parameters in grading the severity of CAD to detect

myocardial viability in ACS through a comparative meta-analysis in two cohorts of patients living in the UAE and

Qatar. The study investigates the diagnostic accuracy of left ventricular longitudinal systolic strain function (GLS) by

2D-speckle tracking echocardiography (2D-STE), Territorial Longitudinal Strain (TLS) analysis and post systolic strain

(PSS) in ACS patients admitted at the emergency departments. All the patients had acute chest pain which is highly

suggestive of NSTEACS along with coronary angiography (CA).

Methods: The study recruited two groups, comprising of 347 patients, who were presented with acute coronary

syndrome (NSTEACS) at the emergency department. The first group had 214 consecutive patients who had acute

chest pain and high-risk profile and they were admitted to the emergency department at Eastern Emirates Hospitals,

El-Fujairah-Dibba (EEEH), UAE. The second group consisted of 133 from emergency department at Heart Hospital-

Hamad Medical Corporation (HHHMC), Qatar. In both groups, 85% of the patients were men with ages from 32 to

65 years (mean ± SD: 49.4 ± 9.5 years). Significant CAD was defined as having at least one epicardial vessel with ≥

70% or left main>50% stenosis. All patients enrolled in this study underwent basic echocardiography, speckle

tracking analysis, and coronary angiography. In 70 patients, PSS was calculated and myocardial perfusion imaging
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(MPI) was utilized as gold standards for the assessment of myocardial viability in patients with documented NSTEACS.

The sensitivity, specificity, positive and negative predictive values of peak longitudinal systolic strain (2D-STE) and PSS

were calculated. Left ventricular systolic strain was displayed as bull’s eye plot and territorial longitudinal strain (TLS)

in the territory of the infarct-related artery. They were obtained within 24 hours from admission. Coronary angiography

(CA) was performed within 24 hours from admission and used as a reference tests to assess the severity of CAD.

Results: Echocardiogram obtained from the patients showed any no wall motion abnormalities at rest, although

speckle tracking analysis was abnormal in 167 patients. In the first group of patients from the UAE, GLS showed a high

sensitivity of 80% and a very high specificity of 93% for detection of significant CAD. In addition, PSS demonstrated a

high sensitivity of 80% with an average specificity of 57%. The combination of GLS and PSS showed a further increase

in sensitivity, specificity with positive and negative predictive values of 98%, 91%, 99% and 97%, respectively.

Therefore, a very high correlation of GLS and PSS with coronary angiography was demonstrated: =0.90, p<0.0001 and

R=0.88, p<0.0001, respectively. Furthermore, PSS showed a very high concordance with MPI scan (stress-rest-re

injection studies) in detection of ischemic viable myocardium with very high sensitivity of 85%, r=0.79. In the Qatari

(HHHMC) patients, a multi-vessel disease or left main disease (MV) was documented in 53.6%, and those with single

vessel disease (SV) in 46.4%. LAD, circumflex and RCA lesions were found in 65, 50 and 39 patients, respectively. A

control group of 129 cases was selected from outpatients referred to the echocardiography unit. The results showed that

in comparison to CA, GLS sensitivity and specificity were 84% and 70%, respectively in all the patients. The sensitivity

of GLS was 87% in MV and 80% in SV. Territorial strain sensitivity was 50%, 74% and 84.6% for the left anterior

descending artery (LAD), circumflex and right coronary artery (RCA), respectively compared to specificity values of

64%, 65% and 61.7%, respectively.

Conclusion: It is concluded that GLS by speckle tracking analysis is definitely an accurate method in early diagnosis of

the severity of CAD in patients presenting with NSTE ACS. The combined use of GLS and PSS showed very high

diagnostic accuracy for the identification of significant CAD in these patients. Strain imaging by STE may be applied

to diagnose the severity of myocardial ischemia by showing reduction in peak systolic strain. Moreover, it is equally

important to demonstrate post-systolic shortening which is a characteristic feature of ischemic viable myocardium after

ACS requiring revascularization.

Keywords: Coronary artery disease; Speckle tracking echocardiography; Global longitudinal strain; Post systolic strain;

Myocardial perfusion imaging; Coronary-angiography.

INTRODUCTION

The application of speckle tracking for analysis of longitudinal
strain introduces a more quantitative method for the detection
of subtle myocardial alterations in CAD patients presented with
ACS and further facilitate a more accurate diagnosis [1]. This
may guide treatment and may also improve prognosis in these
patients. However, the power of derived strain parameters to
recognize high risk patients for significant coronary disease is
still not completely defined and understood. Currently, there
are only few studies of speckle tracking application in ACS,
notably in non-ST-elevation MI. Quantification of myocardial
deformation by strain echocardiography may reveal significant
CAD in patients with non-ST elevation acute coronary
syndrome [2]. These studies recruited either a small number of
patients or did not correlate GLS values with coronary
angiography results. Furthermore, previous studies in our
hospital in the UAE investigated territorial strain, GLS [3] and
post systolic shortening (PSS) in patients presented with ACS
[4].

The present retrospective meta-analysis study was undertaken to
demonstrate the sensitivity and specificity of GLS via STE and
PSS in patients presenting with acute chest pain and validate a
cut off values of significant CAD in both Qatar and the UAE
for comparison. In addition, the study investigated the
combined use of post systolic shortening (PSS) with resting
global longitudinal systolic strain (GLS) in order to improve the
diagnostic CAD and myocardial viability after ACS. STE-based
myocardial deformation imaging can allow in quantifying
myocardial function and viability far beyond what can be done
with sole qualitative visual assessment by CE. This study further
now explains how this technique is used in investigating patients
with CAD.

METHODS

Hospitals

This work was conducted at the hospital critical care department
of HHHMC, Doha,Qatar and at chest pain unit of Eastern
Emirates Hospitals-El-Fujairah Dibba (EEEH), UAE. The study
had the full ethical clearance and permission from the Ethics
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Committee of the HHHMC and EEEH to undertake the
investigation.

Patient population

Between the period 01/01/2014 to 31/06/2015, 1,422 patients
were presented to the hospital critical care and emergency-chest
pain unit departments with NSTEACS at both centers in Qatar
and the UAE. Coronary angiography was performed within 24
hours following the admission of 956 (79.1%) cases at HHHMC
and 70 patients at EEEH. From the 1,422 recruited patients,
1,372 of them had undertaken echocardiography prior to
coronary angiography.

At EEEH in the UAE, 214 consecutive patients with acute chest
pain and high-risk profile were admitted and 85% of the
patients were male subjects with ages between 32 to 65 years
(mean ± SD: 49.4 ± 9.5 years). Significant CAD was defined as
having at least one epicardial vessel with ≥ 70% or left
main>50% stenosis. All patients enrolled in this study
underwent basic echocardiography, speckle tracking analysis,
and coronary angiography. In 70 patients, PSS and myocardial
perfusion imaging (MPI), had been utilized as gold standards for
the assessment of myocardial viability in patients with
documented NSTEACS. The sensitivity, specificity, positive and
negative predictive values of peak longitudinal systolic strain
(2D-STE) and PSS were calculated. Left ventricular systolic
strain was displayed as bull’s eye plot and territorial longitudinal
strain (TLS) in the territory of the infarct related artery was
obtained within 24 hours from admission. Coronary
angiography was performed within 24 hours from admission
and used as a reference tests to assess the severity of CAD. Left
ventricular systolic strain was displayed as bull ’ s eye plot as
shown in Figure 1 from a patient with ACS illustrating the
different grades of depression in systolic shortening implying
that there was some degree of subjectivity in the interpretation
of strain images.

Figure 1: A case study showing an example of positive correlation
between GLS, territorial strain and angiography results in a case
with multi vessel CAD. (A) Coronary angiography showing multi
vessel disease. (B) GLS showing variable grades of depression
(systolic lengthening and 0 contraction-shortening –blue in color,
severe depression-light red in color (-5 to – 9%) and normal systolic
strain values –dark red (-17 to-19%)) Note that for Speckle Tracking
Analysis, GLS was-8%, LADt was 9.4%, RCAt-4.2%, and CXt was
+1% (Taken from references [3,4]).

Figure 2 below displays the different values – grades of
longitudinal systolic strain in NSTE ACS, it can points to the

severity of myocardial ischemia and be able to differentiate
between myocardial scar and viable ischemic myocardium ; PSS
and mildly depressed values of GLPSS are considered important
signs of severe ischemic although viable myocardium.

Figure 2: Images showing the different value-grades of longitudinal
systolic strain in ACS and how they can points to the severity of
myocardial ischemia and can differentiate between scar and ischemia
in the presence of post-systolic shortening and depressed values of
peak systolic longitudinal strains. The basal posterior wall shows
systolic lengthening which means infarct (purple in color), The mid
posterior wall segment shows moderate depression of peak systolic
strain which means ischemia(blue in color) and yellow line
corresponds to basal septal myocardial segment which shows normal
peak systolic strain value (Taken from references [4-6].

In the HHHMC Qatari patients, wall motion abnormalities
were found in 607 (69%) cases. Of the remaining 273 (31%)
cases, 140 (51.3%) were excluded for various reasons. The
remaining 133 (48.7%) patients were included in the study.
Figure 1 illustrated a typical case study of patient which
demonstrated a positive correlation between GLS, territorial
strain and angiograph results in a case typical of multi-vessel
disease.

Control group

One hundred and twenty nine (129) age-matched control
subjects were referred for either echocardiography for non-
cardiac or atypical symptoms with low risk for CAD and normal
conventional echocardiography and GLS was used as a control
group.

Inclusion criteria

Sinus rhythm

Echocardiography study of adequate quality and adjusted
optimum frame rates (50–80 frame per second) for offline
speckle tracking analysis.

Evidence of nonST segment elevation acute coronary
syndromes (NSTE ACS)

Exclusion criteria included the following:
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Age less than 25 or above 65 years.

ST-elevation myocardial infarction.

Regional wall motion abnormalities on resting study.

Previous known myocardial infarction.

Previous revascularization (percutaneous coronary intervention
PCI or coronary artery bypass grafting CABG).

Significant valvular lesions (more than mild stenosis or
regurgitation).

Atrial fibrillation, significant arrhythmia or left bundle branch
block (LBBB).

Technically limited studies

The criteria of diagnosis of risk factors, such as hypertension,
diabetes mellitus, smoking and hyperlipidemia and obesity were
based on AHA guidelines or available records of treatment.
Laboratory investigations-cardiac biomarkers,
electrocardiography (ECG), resting echocardiography and
coronary angiography were done in all NSTE ACS patients. A
cutoff of percent diameter stenosis>70% for any of the three
epicardial coronary arteries or>50% for left main (LM) coronary
artery was considered significant [7]. Left main was considered
as a multi-vessel disease in this study. CAD patients were
subdivided according to their coronary angiography results into
those with left main-multi-vessel disease (MVD) and those with
single vessel disease (SVD).

Echocardiography

Standard measurements were obtained from M-mode, 2D and
Doppler methods in accordance to the American Society of
Echocardiography (ASE) guidelines [8]. This study also
employed two-dimension STE in tackling the scientific problem.
Data analysis was performed by offline analysis in all patients, as
by the automated functional imaging (AFI) method provided by
the ECHOPAC system. The left ventricle was divided into 17
segments, and peak systolic longitudinal strain of each segment
was obtained. The case with more than 2 non-interpretable
segments was excluded. The territorial longitudinal strain (TLS)
was the average of the segments supplied by each artery, adapted
from the ASE guidelines. Shared segments were included for
both arteries,

The normal values of GLS and TLS extracted from the data
analysis of the control group were<-18.7% and<-16.7%,
respectively. On the other hand, a higher cut-off value of
GLS<-14.5% used instead in the first group-EEEH to identify
patients with severe CAD.

Statistical analysis

Data were coded and entered using the statistical package SPSS
(Statistical Package for the Social Science) version 23. Data were
summarized using mean and standard deviation (M+SD) in
quantitative data and using frequency (count) and relative
frequency (percentage) for categorical data. Comparisons
between groups were done using unpaired Student’s t-test when
comparing 2 groups and analysis of variance (ANOVA) with

multiple comparisons post hoc test when comparing more than
2 groups [9]. For comparing categorical data, the chi-square
(χ2) test was performed. The exact test was used instead when
the expected frequency was less than 5 [10]. Standard diagnostic
indices included sensitivity and specificity [11]. The ROC curve
was constructed with an area under curve analysis performed to
detect the best cut-off values for detection of lesions. P-values
less than 0.05 were considered to indicate statistical significance.

RESULTS

In both groups, 85% of the patients were men with ages from 32
to 65 years (mean ± SD: 49.4 ± 9.5 years). In the UAE group, a
higher cut-off value of GLS of<-14.5% was used which could
explain the significant higher sensitivity and specificity in this
study for accurate detection of severe CAD.

The final population in this study group consisted of 203
patients who were diagnosed with acute retrosternal chest pain,
high risk of CAD, with high index of suspicion of NSTE ACS
(acute coronary syndrome). Global longitudinal systolic strain
(GLS) by STE was feasible in 90% of patients. The clinical
major risk factors for CAD were more significantly (p<0.05)
common among the 15% female patients in comparison to the
85% male patients, except for smoking tobacco which is far
more common among male population in the present study and
generally in the Gulf Region as well.

In this subgroup of patients with significant CAD, the
combined admission parameters (cardiac biomarkers, basal ECG
and 2D-echocardiogram) showed sensitivity and specificity of
70% and 68%, respectively. Alternatively, GLS showed a high
sensitivity of % and very high specificity of 93% for the
detection of significant CAD. On the other hand, PSS
demonstrated a high sensitivity of 80% with low specificity of
57% (Figure 3).

Figure 3: Recipient observer characteristics (ROC) curve for non-
invasive echocardiography global longitudinal peak systolic strain 2D
Speckle Tracking Echocardiography [2DSTE] for detection of
significant coronary artery disease ≥ 70% luminal stenosis, p-
value<0.001.

Figure 4 below shows the sensitivity, specificity, negative and
positive predictive value of GLS and PSS combined together
were 98%, 91%, 99% and 97%, respectively. Furthermore, the
combined GLS and PSS demonstrated a very high correlation
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with coronary angiography (R=0.90, p<0.0001 and R=0.88,
p<0.0001, respectively).

Figure 4: Bar charts showing the sensitivity and specificity of routine
investigations (blue colour columns) performed for diagnosis of
acute coronary syndromes (CAD critical stenosis ≥ 70% (ECG,
WMSI echocardiography and cardiac biomarkers) versus 2
dimensional echocardiography global longitudinal peak systolic
strain STE (pink color columns) and systolic strain new criteria
(yellow color columns).The combined usage of PSS and 2D
longitudinal systolic strain STE improved the sensitivity and
specificity of critical CAD significantly (p<0.0001).

In the HHHMC group 133 patients were included and this was
based on their coronary angiography results. Patients were
further divided into two sub-groups, consisting of 97 patients
with significant CAD (mean age 50.15 ± 6.99 years, 90 (92.8%)
males, 7 (6.2%) females) and 36 (mean age 48.39 ± 11.98 years,
23 (63.9%) males and 13 (36.1%) females without CAD.

The CAD lesions were documented by CA in the significant
groups, especially those with left main or multi-vessel disease
(MVD); n=52 (53.6%), and patients with single-vessel disease
(SVD); n=45 (46.4%). LAD, circumflex and RCA lesions were
found in 65, 50, and 39 patients, respectively (Table 1).

Table 1: Table showing comparison of the different risk factors, cardiac
biomarkers, the mean renal function test and the ECG among the
different groups (significant CAD, non-significant CAD and the
control group). Note that the data were obtained from admission files
of patients recruited for this study from the HHHMC. Data are
expressed as mean ±SD with p values (*p0.01).

Risk
Factors

CAD Group
(n=97)

NS Group
(n=36)

C (n=29) p
Valu
e

Numbe
r

% Num
ber

% Num
ber

%

Cardiac
biomarker
s

POS 89 91.8
%

20 55.
6%

--- --- <0.0
01*

NEG 8 8.2
%

16 44.
4%

--- ---

Known
hypertensi
on

NEG 38 39.2
%

20 55.
6%

23 79.
3%

<0.0
01*

POS 59 60.8
%

16 44.
4%

6 20.
7%

Known
diabetes
mellitus

NEG 49 50.5
%

23 63.
9%

23 79.
3%

0.01
3*

POS 48 49.5
%

13 36.
1%

6 20.
7%

Current
smoker

NEG 46 47.4
%

23 63.
9%

24 82.
8%

0.00
2*

POS 51 52.6
%

13 36.
1%

5 17.
2%

Known
hyperlipid
emia

NEG 55 56.7
%

25 69.
4%

26 89.
7%

0.00
2*

POS 42 43.3
%

11 30.
6%

3 10.
3%

ECG(LA
D)

Positi
ve

21 24.4
%

7 23.
3%

0 .
0%

0.00
4*

Negat
ive

65 75.6
%

23 76.
7%

28 100
.
0%

ECG(RC
A)

Positi
ve

17 19.3
%

8 26.
7%

0 .
0%

0.00
4*

Negat
ive

71 80.7
%

22 73.
3%

28 100
.
0%

ECG (Cx) Positi
ve

21 23.9
%

2 6.7
%

0 .
0%

0.00
8*

Negat
ive

67 76.1
%

28 93.
3%

28 100
.
0%

Cardiac
troponins

Mean
± SD

523.12 694.
34

173.6
5

347
.54

. . 0.00
5*

Urea Mean
± SD

5.49 4.55 4.87 1.9
7

5.41 2.8
9

0.70
7

Creatinine Mean
± SD

89.81 30.7
2

84.58 21.
40

68.58 21.
71

0.00
3*

Speckle tracking analysis

Global (GLS) and territorial strain analyses were performed in
all individuals. GLS was compared between the 3 groups (see
Figure 5). LAD territorial strain (LADts) was compared between
those with LAD lesions and others with NSTEACS versus the
control group (see Figure 6). Similarly, RCA territorial strain
(RCAts) was compared between those with RCA lesions, other
vessel disease and the control group as well (see Figure 7) and
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finally, territorial strain was compared between those patients
with circumflex artery lesions (CXts), other CAD patients and
the control group ( see Figure 8).

Figure 5: Mean value for global longitudinal strain (GLS) in the
different groups. CAD=patients with significant coronary artery
disease, NS=patients with non-significant lesions or with normal
coronary angiograms, C=control group.

Figure 6: Territorial longitudinal strain in area supplied by LAD
(LADt) showing mean value and statistical significance in different
groups; LAD lesion=patients with significant coronary artery disease
in LAD territory, LAD normal=patients with non-significant LAD
lesions or with normal LAD, C=control group.

Figure 7: Territorial longitudinal strain in area supplied by RCA
(RCAt) showing mean value and statistical significance in different
groups; RCA lesion=patients with significant coronary artery disease
in RCA territory, RCA normal=patients with non-significant RCA
lesions or with normal RCA, C=control group.

Figure 8: Territorial longitudinal strain in area supplied by CX (CXt)
showing mean value and statistical significance in different groups;
CX lesion=patients with significant coronary artery disease in CX
territory, CX normal=patients with non-significant CX lesions or
with normal CX, C=control group.

MAJOR FINDINGS OF THIS STUDY FROM THE UAE AND
HHHMC, QATAR

Global longitudinal strain was significantly lower in the control
group (-20.4± 2.7%), compared to CAD (-15± 0.5%), p<0.001. It
was also lower in patients with non-significant CAD, compared
to those with CAD (p<0.05) ; (see Figure 9).

Figure 9: Diagrams (A-C) showing ROC of GLS versus coronary
angiography. Figure 9A shows ROC curve for detection of lesions
using GLS in all cases. Figure 9B shows ROC curve for detection of
lesions using GLS in single vessel disease (SVD) cases and Figure 9C
shows ROC curve for detection of lesions using GLS in multi vessel
disease (MVD).

The results also show that the territorial strain of the left
anterior descending coronary artery (LAD) was significantly
(p<0.05) higher compared to the same regions in those with
non-significant LAD lesions (-17.6+3.5%) and the control group
(-20+2.1%). In contrast, territorial strain values were
(-13.7+4.2%) in severe right coronary artery (RCA) disease
which was significantly higher (p<0.05) compared to those with
non-significant RCA lesions (-17.6+3.9%) and also with the
control group (-19.6+3%). Finally, territorial strain of the left
circumflex artery (CXt) was also associated with significant
(P<0.05) lesions in 50 patients. Typically, CXt in those patients
was -14.5+4.2% which was significantly higher (P<0.05)
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compared to those with non-significant CXt lesions
(-16.7+4.8%) or to the control group (-20.2+2.3%). Interestingly,
the present study demonstrated that post systolic shortening
(PSS) has the strongest correlation with MPI (p < .001) in
prediction of viable-ischemic myocardium in critically severe
CAD in NSTE ACS patients (see Figures 2 and 10).

The results from these comparative studies from the UAE and
Qatar have clearly demonstrated an important finding when
applied both GLS and PSS for critical CAD diagnosis. These
data showed a further increase in sensitivity, specificity, positive
and negative predictive values of 98%, 91%, 99% and 97%,
respectively. Therefore, a very high correlation of combined use
of GLS and PSS with coronary angiography was demonstrated
with R=0.90, p<0.0001 and R=0.88, p<0.0001, respectively); (see
Figures 3 and 4).

Figure 10: The displays in Figure 10A shows Depressed Peak Systolic
Strain of posterior and lateral wall of the left ventricle in acute
posterior wall myocardial infarction which can be demonstrated
clearly. Original traces I Figure 10B show resting EKG with ST
segment depression in v1 and v3 anterior chest leads with tall R
wave; (Taken from references [4,6]).

DISCUSSION

This multicenter trial in the UAE and HHHMC-Qatar revealed
cut off values of -14.5% for GLS and -9% for TLS could predict
severe CAD in STEACS patients with high sensitivity and
specificity. Furthermore, PSS showed the strongest correlation
with MPI (p < .001) to predict critical severe CAD and viable
myocardium in ACS patients. Whether a patient has ischemia or
infarct (scar), the finding of typical strain is a feature of ischemia
in more than just a single segment highlighting favors of
ischemic dysfunction rather than noise artifacts [12,13].

In many previous studies, GLS was shown to be an independent
predictor of severe CAD both at rest and during dobutamine-
induced stress echocardiography [14,15] Another promising
application of strain imaging is the identification of the
relatively large subgroup of non-ST-elevation myocardial
infarction in ACS patients with total coronary occlusion. As
such, these patients needs urgent revascularization [16]. Lack of
ST elevation in these patients reflects limited sensitivity of ECG
in identifying patients with acute coronary occlusion [17].

Furthermore, several studies demonstrated that patients with
either preserved or mildly reduced left ventricular ejection
fraction (LVEF=40-50%) after myocardial infarction had
absolute GLS (<14%) and with increased risk for the combined
endpoint of all-causes of mortality and heart failure admission

[18].These findings show concordant results with the present
study [4,5].

In the present study, PSS has been proposed as a marker of
viability, but should not be used alone as an index of viability,
since post-systolic shortening also occurs in post infarct scarred
myocardium (necrosis) and in cardiomyopathy [4-6].

In the acute phase of ST-elevation myocardial infarction
(STEMI), viability imaging techniques by MPI and cardiac
magnetic resonance imaging (CMR), are generally not validated
and/or not recommended. Accordingly, several small studies
should be aimed to evaluate the ability of strain parameters
assessed in the acute phase of ST-elevation myocardial infarction
(STEMI) in order to predict myocardial viability after ACS and
revascularization.

A previous study [19] which included Thirty-one STEMI
patients whose coronary artery was re-canalized and in whom
baseline echocardiogram showed regional wall motion
abnormalities in the form of akinesia in the infarcted area, Two
dimensional left ventricular GLS and TLS in the territory of the
infarct related-artery were obtained within 24 hours from
admission. Delayed enhancement CMR was used as a reference
test to assess post-revascularization myocardial viability. Delayed-
CMR was performed 3 months after percutaneous coronary
intervention. The study revealed that GLS was correlated with
delayed CMR ( = 0.54,  = .002) and a cut off value of −13.9% for
GLS predicted viability with 86% sensitivity and 78% specificity.
TLS showed the strongest correlation with CMR ( = 0.69,  < .
001). A cut off value of −9.4% for TLS yielded a sensitivity of
78% and a very high specificity of 95% to predict myocardial
viability. The investigators concluded that GLS and TLS
measured in the acute phase of STEMI can definitely predict
myocardial viability after acute myocardial infarction. Moreover,
they suggested that these techniques can be used as prognostic
indicators to guide the usefulness of revascularization in these
patients. These findings are in concordant to the present study
which used PSS as an additional parameter to GLS and TLS.
Moreover, MPI was utilized as a gold standard instead of cardiac
CMR in the present study.

Both tissue Doppler Imaging (TDI) and STE have been shown
to be facilitative in prediction of myocardial viability. Moreover,
many limitations of qualitative assessment of LV myocardial wall
thickness and regional wall motion abnormalities are operator-
dependent with CE and during stress echocardiography (STE).
Bansal and colleagues [20] revealed that GLS and
circumferential strain (CS) and strain rate (SR) measurements at
rest and low-dose DSE were predictive of functional recovery
post revascularization using strain-based imaging. Furthermore,
only tissue velocity imaging was found to have incremental value
over wall motion analysis.

Based on a study by Hoffmann et al. [21], an increase of peak
strain rate greater than or equal to 0.23/s had a sensitivity of
83% and specificity of 84% in discerning viable myocardium as
determined by 18FDG. Similar to the present study, Ran and
colleagues [22] demonstrated a change in GLS (>-14.6%) which
provided a sensitivity of 86.7% and specificity of 90.2% in the
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detection of viable myocardium, using strain imaging with
adenosine STE.

Recent studies have provided new insights into the value of
layer-specific 2DSTE for evaluating viable myocardium in
patients with ACS. They also make a comparison with dual
isotope simultaneous acquisition single photon emission
computed tomography (SPECT). It is concluded that the GLS
and PSS analysis of 2D STE can evaluate the viable myocardium
well at high index of diagnostic accuracy, sensitivity and
specificity. More so, they are similar to those of SPECT,
resulting in GLS via 2D-STE being a good option for the
assessment of viable myocardium [4,23 ].Furthermore, resting
and post-dobutamine-induced stress STE strain and strain rate
parameters can assess the viability in akinetic segments when
compared to 18FDG-PET imaging in acute MI [24].

The importance of early and accurate diagnosis of non-ST-
segment acute myocardial infarction (NSTE ACS) and unstable
angina is now evident with the introduction and proven efficacy
of early invasive revascularization strategies. Many studies have
demonstrated the ability of STE to detect changes in strain
patterns during ST elevation myocardial infarction (STEMI), but
its accuracy to detect mild changes during unstable angina (UA)
and non-ST elevation MI is currently unclear.

The results of the present multicenter study from the UAE and
Qatar *( HHHMC) showed that average GLS sensitivity and

specificity were 82% and 80%, respectively in all patients
presented with ACS. Importantly, the sensitivity was 87% in
extensive CAD and 80% in single vessel disease. On the other
hand, territorial strain sensitivity was 50%, 74% and 84.6% for
LAD, circumflex and RCA, respectively. Corresponding
specificity was 64%, 65% and 61.7%, respectively [25-36].

CONCLUSION

The present study also shows a general agreement with many
previously published data. However, it differs in three ways from
the previous studied and they included: (i) larger number of
cases investigated, (ii) several 2DE and STE parameters used
(GLS, PSS, TLS), (iii) coronary angiography and MPI used as a
gold standard and (iv) examining the territorial strain accuracy
in the localization of significant coronary lesions. Interestingly,
PSS has been proposed as a marker of viability in the present
study, but should not be used alone as an index of viability,
since post-systolic shortening also occurs in post infarct scarred
myocardium (necrosis) and in different forms of hypertrophic
and dilated cardiomyopathy.

Table 2 summarizes the major findings from other major studies
and their differences compared to the current study. A meta-
analysis review of different studies published in the last 5 years
was collected and assessed carefully. The data show the average
accuracy of GLS by STE to predict significant CAD in ACS.

Table 2: The data in table show a review of different studies published in 2DE and STE in the diagnosis of CAD in ACS.

Studies Numbers Modality WMA or Low
LVEF

Cut Off Level Sensitivity and Specificity Gold Standard TL
S

Alireza et al., 2015 119 VVI
technology

Excluded GLS-16% GLS 77% and 63% CA No

Sebastian et al.,
2013

77 Toshiba Included TLS-14%

GCS-19.2%

Sub endocardial TLS 89%
and 81%.

Yes

Jornar et al., 2010 111 GE Not mentioned TCS-10%.

GLS-14%

TCS-10% have 90%

sensitivity and 88%

TLS-14.0% SEN 76%

SPECIFICITY 66%.

MRI Yes

Christian Eek et.
and Jornar et al,

2010

150

patients

GE Included GLS-16.3% 67% and 71% CA No

Christian-Eek et
al., 2010

150 GE Included GLS-14% 85% and 70% CA No

Jin-Oh Choi

et al., 2009

108 GE Excluded GLS-17.9% 79% and 79% CA No
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SOME LIMITATIONS OF THIS STUDY

The present study has several limitations and they
included the following:

It was difficult to find an appropriate control group with low
risk for coronary artery disease.

All patients in this study were selected for coronary angiography,
which made them have a higher likelihood of coronary artery
disease. In turn, this might have affected specificity and
sensitivity.

Presenting normal reference values for different myocardial
segments is still problematic as they depend on patients ’
demographics, modality used and methodology.

(d) Post systolic strain-shortening (PSS) is not specific for CAD
and can be seen in other cardiovascular diseases as hypertrophic
cardiomyopathy and dilated cardiomyopathy.
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