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Background: Speckle Tracking Echocardiography (STE) is a new non-invasive method,
which has been recently used as an alternative technique to assess regional and global
myocardial function, especially left ventricular function. It is also considered to be a
valid technique to evaluate the patients with Acute Coronary Syndrome (ACS).
Objectives: The present study aimed to evaluate the capability of STE as a trustable
technique to indicate ischemic parts of the heart and compare the results to the
information raised from angiography. Then, decision was made about capability of STE as
a valid and reliable criterion for determining the indication of performing angiography.
Patients and Methods: This case-control study was conducted on 37 patients between
30 and 70 years old with clinical diagnosis of ACS and clinical indications of coronary
angiography who had referred to Faghihi hospital. Also, 46 healthy volunteers were
selected as the control group. STE was performed for all the participants and angiography
was done for the patients.

Results: In 20 cases (55.6%), the results of echocardiography completely matched with
those of angiography. In 10 cases (27.8%), echocardiography and angiography results
were partially matched. According to the results, echocardiography showed involvement
of both territories, while angiography revealed involvement of one territory or vice-
versa. However, the results were not matched at all in 6 cases.

Conclusions: Our results showed that STE, with the current quality and capacity, could
be effective in diagnosis of patients with Non-ST-segment Elevation Acute Coronary
Syndrome (NSTE-ACS) and planning strategies for their treatment.

» Implication for health policy/practice/research/medical education:
This study aimed to use STE (non-invasive imaging) for detection of coronary artery disease and acute coronary syndrome in patients who

presented with chest pain.

1. Background

deformation in 3 dimensions: radial, circumferential, and

Speckle Tracking Echocardiography (STE) is a new
non-invasive imaging technique that permits assessment
of global and regional myocardial function independently
from both cardiac translational movements and beam
angle (1-4). It is based on analysis of spatial displacement
of spots during cardiac cycle and can capture myocardial
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longitudinal. It also offers a superseded way to evaluate
strain and strain rate and can conquer many traditional
problems related to angle-dependent methods. Before
this technique, only Magnetic Resonance Imaging (MRI)
provided a valid analysis of deformities in myocardium
(1-5). Although this method was primarily introduced as
an exclusive analyzer of Left Ventricular (LV) function,
many papers have extended its usage to assessment of
other chambers (2, 4). More recently, STE was offered
to assess new indices of systolic function, particularly
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longitudinal strain that is a sensitive and specific index in
post-myocardial infarct. Hence, STE has become a simple
and rapid method to evaluate myocardial function (2). STE
can also detect abnormalities in endocardial wall motion
following Myocardial Infarction (MI). Indeed, the time to
reach the peak of strain and end systolic strain changed in
an individual who experienced pain of myocardial ischemia
in the last hours. Moreover, many researchers believe that
there is a significant relationship between longitudinal
strain and troponin level and the size of the infarcted area
(6). Liang et al. demonstrated in their study that early
diastolic strain decreased in coronary artery stenosis (7).
Zhu et al. also came to the same point and mentioned the
association between coronary artery stenosis and changes in
strain patterns (8). In the same line, Valocic et al. found the
high potency and sensitivity of STE for detecting coronary
artery involvement (9).

As mentioned above, it appears that STE has found its
place as a valid method to evaluate myocardial function
and perfusion of the heart. However, even if STE could
be reliable, using this method as an alternative to time-
consuming procedures such as exercise stress test still
remains in halo, especially in cases with non-MI Acute
Coronary Syndrome (ACS).

2. Objectives

The present study aims to evaluate the capability of STE
as a trustable technique to indicate ischemic parts of the
heart and compare the results to the information raised
from angiography. In this way, decision can be made
about capability of STE as a valid and reliable criterion
for determining the indication of performing angiography.

3. Patients and Methods
3.1. Study Population

This prospective case-control study was conducted on 37
patients with clinical diagnosis of ACS who had referred to
Faghihi hospital affiliated to Shiraz University of Medical
Sciences between April and September 2014. Also, 46
healthy volunteers were selected as the control group. Sex
and age were not part of the criteria to match the two groups.

The patients between 30 and 70 years old with diagnosis
of ACS and clinical indications of coronary angiography
were enrolled into the research. However, due to ethical
limitations, the participants of the control group did
not undergo coronary angiography. The patients with
underlying arrhythmia, prior MI, Congestive Heart Failure
(CHF) (Ejection Fraction (EF) < 50%), LV hypertrophy,
Diabetes Mellitus (DM), congenital heart disease, and

significant valvular disorders were excluded from the study.

3.2. Coronary Angiography

Angiography was done by standard (Judkins) technique
using digital imaging attainment. The data were expressed
as a percentage of stenosis of Left Circumflex artery (LCX),
Left Anterior Descending (LAD), Right Coronary Arteries
(RCA), and their main branches. Obstruction more than 70%
was considered to be significant stenosis. RCA and LCX
constituted the posteroinferior territory, while LAD and its
branches were responsible for perfusion of the antroseptal
territory. It should be noted that the study protocol did not
include routine revascularization and was just performed
on clinical indications.

3.3. Echocardiography

STE was performed blinded to the results of angiography
for all the subjects to assess LV function. The methods
used for obtaining images and measuring strains have been
described in details previously. STE was performed using
vivid scanner (E9) and gave 17-segment LV images from
two-chamber, apical long axis, and four-chamber recordings
with frame rate of 50 - 60 for quantitative analysis. The
strain values for the entire segments were recorded and
then averaged to gain the Global Longitudinal Strain (GLS).
After that, regional and global longitudinal strains were
calculated based on segmental myocardial strain and colors
of bull’s eye mapping values. It should be mentioned that
choosing the cardiac cycle was left to the operator’s decision
(according to the best quality). Normal strains have been
presented in Table 1 (10).

3.4. Statistical Analysis

The data from angiography and STE were documented.
The ability of STE to detect the presence of ischemia and
the involved territory was assessed by comparing the
results to angiographic findings. Chi-square test was used
for detecting the portion of abnormalities in angiography
and STE. In addition, independent t-test was employed to
compare the two groups regarding the mean of strains.
All the analyses were performed using the SPSS statistical
software, version 16.0 (SPSS, Chicago, IL, USA) and P <
0.05 was considered to be statistically significant.

4. Results

This study was performed on 37 patients with diagnosis
of Non-ST-segment Elevation Acute Coronary Syndrome
(NSTE-ACS) who had referred to Faghihi hospital since
April to September 2014. The patients included 21 males

Table 1. Normal Ranges of Strains

Segment Normal Strain
Anterior More "Than - 19.5%
Anteroseptal More “Than - 18.8%
Inferior More “Than - 20.2%
Lateral More “Than - 18.3%
Posterior More "Than - 16.3%
Septal More "Than - 18.3%
Global More "Than - 16%

" More Negative
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(58.3%) and15 females (41.6%). STE was performed for all
the patients. One patient was excluded due to suboptimal
image quality of echocardiography. The results of this group
were compared to those of the control group that consisted
of 46 healthy volunteers, 20 males (43.5%) and 26 females
(56.5%). Since age-independent references were used in this
study, the two groups were not matched regarding age. The
mean age of the cases and controls was 58.6 £ 8.8 and 34.2
9.7 years, respectively (P <0.001). Besides, none of the cases
and controls had a history of DM, Hypertension (HTN), and
Hyperlipidemia (HLP). The participants’ demographic data
have been summarized in Table 2

In STE, the global strain was measured and compared
between the two groups. According to the results, the
mean of the absolute value of the strain was 17.04 = 4.26
in the cases and 20.78 + 2.28 in the controls (P = 0.002).
Among the cases, 14 (38.9%) had abnormal global strains
and 22 (61.1%) had normal strains. In the control group, on
the other hand, just one participant (2.2%) had abnormal
global strain (P < 0.001). Segmental strains, including
anterior, anteroseptal, lateral, posterior, inferior, and septal
segments, were measured, too. The means of the strains
have been presented in Table 3.

Among the cases, 13 (36.1%) had normal anterosptal
strains, while 23 (63.9%) had abnormal strains. On the other
hand, 16 (34.8%) and 30 subjects (65.2%) in the control
group had abnormal and normal strains, respectively.

Anterior and septal strains were within the normal range
in 12 (33.3%) and 15 (41.7%) cases, respectively. In the

control group, these figures were obtained as 31 (67.4%) and
30 (65.2%), respectively that were clearly higher compared
to the cases.

In the posteroinferior territory, posterior, lateral, and
inferior strains were normal in 19 (52.8%), 13 (36.1%), and
13 (36.1%) cases, respectively. In the control group, 73.9%
(34), 76.1% (35), and 65.2% (30) of the subjects had normal
strains, respectively. Similar to the anteroseptal territory,
there was a significant difference between the two groups.
The results have been summarized in Table 4.

As mentioned in “Materials and Methods” section, all the
patients in the case group underwent coronary angiography.
According to the results, 26 cases (72.2%) had significant
stenosis (more than 70%) in LAD and just one patient had
significant occlusion in the Left Main Coronary Artery
(LMCA). Diagonal artery as a branch of LAD was assessed,
too. Diagonal artery had a significant stenosis in 20 cases
(55.6%). LAD and diagonal artery were considered to be
the supplying vessels of the anterior territory. Furthermore,
LCX was occluded significantly in 41.7% of the patients
(11). In addition, marginal artery as a branch of LCX had
more than 70% stenosis in 11 cases (30.6%). RCA also
showed significant stenosis in 38.9% of the cases (12). Its
branch, PDA, was also obstructed in 11 cases (30.6%). The
results have been summarized in Table 5.

In this study, the results of angiography were compared to
those of echocardiography. According to the findings, 3 cases
(8.3%) did not have any abnormalities in echocardiography,
3 (8.3%) had evidence of anterior territory involvement, and

Table 2. Comparison of the Cases and Controls Regarding Demographic Data

Cases Controls P value”
Age (years) 58.6+ 8.8 342+9.7 <0.001
Male 21 (58.3%) 20 (43.5%) 0.26
Female 14 (41.6%) 26 (56.5%) 0.26
"P < 0.05 is considered to be Significant
Table 3. Comparison of the Two Groups Regarding Strains
Segmental Strain Cases (N =34) Controls (N = 46) P value”
Anterior -16.27 £ 5.51 -20.79 £ 3.79 0.004
Antero septum -17.01 £ 5.80 -19.84 £ 3.5 0.001
Lateral -16.5 £ 4.95 -21.01 £3.59 0.02
Septum -17.03 + 4.24 -19.83 £2.44 0.001
Inferior -18.20 £ 5.63 -21.86 £ 3.32 0.028
Posterior -15.62 + 5.54 -23.11 £2.44 0.3
Global -17.04 £ 4.26 -20.78 £ 2.28 0.002

"P < 0.05 is considered to be Significant

Table 4. Comparison of the Two Groups Regarding the Prevalence of Normal and Abnormal Segmental Strains

Territory Case Group Control Group P value*
Normal Abnormal Normal Abnormal

Antero Septal Anterior 12 (33.3%) 24 (66.7%) 31 (67.4%) 15 (32.6%) 0.005
Anteroseptal 13 (36.1%) 23 (63.9%) 30 (65.2%) 16 (34.8%) 0.009
Septal 15 (41.7%) 21 (58.3%) 30 (65.2%) 16 (34.8%) 0.033

Postero inferior Posterior 19 (52.8%) 7 (47.2%) 34 (73.9%) 12 (26.1%) 0.082
Inferior 13 (36.1%) 23 (63.9%) 30 (65.2%) 16 (34.8%) 0.009
Lateral 13 (36.1%) 23 (63.9%) 35 (76.1%) 11 (23.9%) 0.001

"P < 0.05 is considered to be Significant
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Table 5. Percentage of the Patients with Significant and non-Significant Stenosis

Coronary Artery Significant Stenosis Non-Significant Stenosis
Anterior LAD 72.2 % (26) 27.8 % (10)

Diagonal 55.6 % (20) 44.4 %.(16)

LCX 47.1 % (15) 58.3 % (21)
Posterior Marginal 30.6 % (11) 69.4 % (25)

RCA 38.9 % (14) 61.1 (22)

PDA 30.6 % (11) 69.4 % (25)

3 (8.3%) showed posterior territory involvement. Besides,
both territories had signs of ischemia in the remaining 27
patients (75%). These results have been presented in Figure 1.

Based on angiographic findings, anterior territory,
including LAD and diagonal artery, were involved in 11
patients (30.6%). On the other hand, 13.9% of the patients
(5) had more than 70% obstruction in posterior territory,
including LCX, RCA, PDA, and marginal artery. Moreover,
angiography of 20 patients (55.6%) revealed involvement
of both territories (Figure 2).

In 20 cases (55.6%), the results of echocardiography
completely match with those of angiography. In 10 cases
(27.8%), echocardiography and angiography results were

partially matched; echocardiography showed involvement
of both territories, while angiography revealed involvement
of one territory or vice-versa. However, the findings were
not matched at all in 6 cases.

5. Discussion

Patients with diagnosis of NSTE-ACS are a heterogeneous
population with different risks of mortality, morbidity, and
recurrence in long- and short-term follow-up (13). In these
patients, choosing the treatment strategy depends on the
presence or absence of coronary occlusion.

Based on review of the literature, ST-segment-Elevation
Myocardial Infarction (STEMI) and NSTE-ACS share the

Territory involvement in STE

B Anteroseptal

B Posterioinferior

¥ Both
B None
Figure 1. The Frequency of Territory Involvement in the Cases Based on STE
Territory involvement in angiography
W Anterior
M Posterior
= Both

Figure 2. The Frequency of Territory Involvement in the Cases Based on Angiography
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same pathology, complications, and risk factors. In STEMI,
due to its obstructive nature, urgent reperfusion within 12
hours is a choice to avoid irreversible myocardial necrosis.
Studies have shown that in more than a quarter of NSTE-ACS
cases, an occluded culprit artery was detected in angiography.
In this group also, urgent reperfusion should be considered
(14). Electrocardiography (ECG) or cardiac biomarkers
cannot exactly distinguish acute occlusion. Therefore, finding
available, simple, fast methods seems to be necessary (15).
In the current management, echocardiography along with
cardiac perfusion scan and Exercise Tolerance Test (ETT)
are used as pre-angiographic modalities. Although ETT and
cardiac scan have acceptable sensitivity and specificity, high
rate of false positive and false negative results as well as their
time-consuming nature causes them not to be an appropriate
choice in emergency set.

STE is a new non-invasive imaging technique that permits
assessment of global and regional myocardial function
independently from both cardiac translational movements
and beam angle in a short time (1-5). STE is accepted as a
diagnostic method in ACS cases for evaluation of myocardial
wall motion at rest and during stress (12). Although this
method was initially introduced as an exclusive analyzer
of LV function, many reports have extended its usage to
assessment of other chambers (2, 4). Many studies have
demonstrated the ability of STE to detect changes in strain
patterns during MI, but its sensitivity to detect mild changes
that happen during Unstable Angina (UA) is unclear. Thus,
the present study aimed to evaluate the capability of STE as
a trustable technique to indicate the part of the heart with
ischemia. In fact, this study aimed at assessment of the
capability of STE as a trustable technique to determine the
possibility of clogging of coronary arteries in NSTE-ACS.
The study was conducted on 36 patients with confirmed
diagnosis of NSTE-ACS who had referred to our center in
Faghihi hospital. STE was applied for all the patients and
global and segmental strains were measured. Then, the data
were divided into normal and abnormal based on normal
cut-off points.

Also, the echocardiographic data were compared to those
of 46 asymptomatic healthy volunteers. The results showed
a significant difference between the NSTE-ACS cases and
the normal population regarding global strain (P < 0.05).
Also, a significant difference was found between the two
groups concerning the segmental strains (P < 0.05), except
for the posterior segment (P > 0.05). This was consistent
with the results of the previous studies, demonstrating the
capability of STE to detect ischemic changes (11, 15, 16).

In order to assess the ability of STE to identify coronary
occlusion in this research, segmental strains were evaluated as
two territories: anteroseptal and posteroinferior. Anterosepat
territory was supplied by LAD, while posteroinferior
territory was supplied by RCA and LCX. The study findings
indicated that all the cases had coronary occlusion in their
angiography, while 3 patients did not have abnormality in
echocardiography. Comparison of STE and angiographic
data revealed that STE could completely predict the involved
coronary artery in 20 cases (55.6%). In 10 cases (27.8%),
STE could detect the coronary occlusion regardless of the
involved territory. This result was in the line with those of

10

other studies performed on the issue (11, 16).

The findings of our study showed that STE could detect the
presence of ischemia regardless of territory with sensitivity
of 91.7%. Nevertheless, the specificity could not be
calculated due to the absence of normal angiographic results
in the patients under investigation. Therefore, true negative
or false positive results were not defined to calculate the
specificity of STE in detecting ischemia. In addition, STE
could detect involvement of anteroseptal territory with
sensitivity of 83.9% and specificity of 20%. Its sensitivity
and specificity for posteroinferior involvement were also
88% and 27.3%, respectively. Moreover, it could detect
three-vessel involvements with sensitivity and specificity
of 85% and 43.7%, respectively. Hence, STE could detect
ischemia and the involved territories with greater sensitivity
compared to ETT or Myocardial Perfusion Imaging (MPI)
(70% and 89%, respectively).

Eek and his colleagues studied STE and its ability to
identify coronary obstruction in patients with NSTEMI in
2010. They performed echocardiography and angiography
for 150 cases. Similar to our study, they excluded cases
with prior MI, sever valvular disease, heart surgery, and
significant comorbidities. Their results showed a significant
difference between the patients with and without coronary
obstruction regarding global and segmental LV function in
echocardiography. They also demonstrated that STE results
could be useful for choosing patients who may benefit from
urgent revascularization. At the end, they suggested STE
as a method to be applied for all patients with possibility
of NSTEMI (11). That team assessed the ability of STE
to predict the size of infarction in patients with NSTEMI
again. This time, they examined 61 patients with confirmed
diagnosis of NSTEMI who were stable at the time of the
study. The exclusion criteria were the same. They performed
echocardiography and angiography for the patients and
measured global strains. They found a significant correlation
between LV function indices in echocardiographic images
and the size of infarction. They eventually revealed that STE
could predict the infarct-related coronary artery besides
the final infarct size. Therefore, STE can be used as a non-
invasive method to select NSTEMI patients who should
be nominated for urgent angiography and reperfusion to
decrease the infarct size (16).

Grenne et al. also discussed STE in NSTEMI cases in
their article entitled “Acute coronary occlusion: outcome
and early identification by strain echocardiography”. The
participants of their study included 111 patients with
suspected NSTE-ACS. STE was applied for all the cases,
and three territories of myocardial strains were measured
based on the perfusion territories of three main coronary
arteries, including LAD, LCX, and RCA. All the patients
also underwent angiography to evaluate the presence of
coronary occlusion. They demonstrated that presence
of coronary occlusion was a prognostic factor in the
patients with NSEMI. Accordingly, to avoid irreversible
injury, urgent revascularization appeared to be necessary.
Moreover, they found that territorial circumferential strain
had excellent capability to predict acute coronary occlusion
in patients with NSTE-ACS. Therefore, they introduced
STE as a novel method to choose the patients with NSTEMI

Int Cardiovasc Res J. 2016,10(1)
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who can benefit more from urgent reperfusion (15).

All the above-mentioned studies were in agreement with
ours concerning the capability of STE to predict coronary
artery occlusion. Yet, the point that distinguishes our study
from the previous ones is our focus on the ability of STE
to identify the involved coronary artery by comparing its
results to those obtained from angiography.

In conclusion, the results of the current study showed
that STE, with the current quality and capacity, could be
effective in diagnosis of patients with NSTE-ACS and
planning strategies for their treatment. Indeed, it seems that
in this condition, STE not only can be useful in diagnosis
of infarction, but can also predict the coronary involvement
and its territory.
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