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Abstract Left ventricular strain echocardiography is
reported to be more sensitive in detecting myocardial
ischemia than conventional transthoracic echocardiography
(TTE). We evaluated the usefulness of 2D strain analysis
for the assessment of acute chest pain in emergency
department (ED). Patients presenting to ED with acute
chest pain were recruited. Patients with ST-elevation
myocardial infarction, known coronary artery disease
(CAD), non-ischemic cardiomyopathy, or non-cardiac
chest pain were excluded. The pretest probability of CAD
and TTEs were evaluated in all patients. TTEs included
visual assessments of regional wall motion abnormality
(RWMA) and analysis of global and regional longitudinal
strain (GLS and RLS). The diagnosis of CAD and the
occurrence of cardiac events during 1 month after ED visit
were reviewed. Cardiac events were observed in 25 % of
total 104 patients, and CAD was detected in 36 % of 69
patients with coronary imaging tests. Compared to RWMA,
RLS showed higher sensitivity (sensitivity/specific-
ity = 64/89 vs. 92/77 %) with similar diagnostic accuracy
(79.7 vs. 82.6 %, p = 0.791) for CAD. RLS also demon-
strated better diagnostic performance than either GLS
(sensitivity/specificity = 92/57 %) or pretest probability
(sensitivity/specificity = 72/64 %). Similarly, RLS had the
higher predictive value for 1-month cardiac events. In
multivariable analyses including pretest probability, LVEF,
RWMA, cardiac enzyme, GLS, and RLS; only pretest
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probability (OR 1.91, 95 % CI 1.22-2.99, p = 0.005) and
RLS (OR 25.42, 95 % CI 1.84-342.04, p = 0.016) inde-
pendently predicted CAD. Strain echocardiography
appears to be effective in diagnosing CAD and predicting
future events with high sensitivity and negative predictive
value in acute chest pain patients visiting ED.
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Introduction

Chest pain is reported to be the second most common reason
that patients present to emergency department (ED) in the
US, next to abdominal pain [1]. Although the incidence of
coronary artery disease (CAD) in Korea was relatively low
compared with Western countries, the death rate associated
with CAD has been increased in recent years [2]. The iden-
tification of patients at high risk for acute coronary syndrome
in ED using conventional assessment of clinical symptoms,
electrocardiogram (ECG), and cardiac enzymes is frequently
challenging. The misdiagnosis or overdiagnosis of patients
with acute chest pain can be associated with serious clinical
events or a waste of medical resources, respectively [3-5].
Conventional transthoracic echocardiography (TTE) is
known to be useful in EDs for the detection of acute myo-
cardial infarction (MI) with a higher sensitivity than ECG [6,
7]. However, a previous study showed that TTE was not
useful for detecting patients with significant CAD without
infarction when performed after resolution of chest pain [8].
In addition, current guideline recommends TTE in patients
with suspected myocardial ischemia as an appropriate use
only if a resting TTE can be performed during pain [9]. In
actual clinical practice, a large proportion of patients with
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chest pain visit EDs only after the resolution of symptoms
that are possibly caused by transient myocardial ischemia,
and the absence of regional wall motion abnormality
(RWMA) on TTE does not exclude the possibility of CAD
in those patients. Furthermore, the detection of RWMA on
TTE is subjective and observer-dependent [10].

The assessment of left ventricular (LV) strain using two-
dimensional speckle-tracking echocardiography increases
the sensitivity for detecting myocardial ischemia compared
to visual assessment with RWMA [11-13]. Some researchers
also reported that changes in LV strain persist after transient
myocardial ischemia which was resolved without residual
wall motion abnormality [14, 15]. These data suggests the
possible role of LV strain for the diagnosis of CAD in
patients with recent myocardial ischemic insult. Using
automated functional imaging (AFI) software, LV longitu-
dinal strain can be easily analyzed online and the results are
provided as a LV longitudinal strain map. However, clinical
usefulness of strain echocardiography in chest pain patients
in EDs has not been elucidated. Thus, we investigated the
usefulness of TTE with online strain analysis for the initial
assessment of acute chest pain in ED.

Methods
Study subjects and protocol

Patients who were older than 20 years and who had pre-
sented to ED with acute chest pain between January 2011
and December 2011 were prospectively enrolled in our
hospital’s chest pain registry. Acute chest pain was defined
as chest pain of longer than 5 min experienced within the
24 h before the ED visit. All patients were initially assessed
by an ED attending physician with initial ECG, cardiac
enzyme (CK-MB and Troponin I), and chest X-ray. Patients
with ST-elevation MIs, unstable hemodynamic conditions,
or alternative diagnoses of non-cardiac chest pain as based
on the initial assessment were not included in this study
(Fig. 1). Study candidates who required further cardiac
evaluation underwent routine TTE including strain analysis
in ED. After TTE, patients who met the following criteria
were excluded from this study: (1) known CAD confirmed
by previous coronary angiography (CAG) or coronary CT
angiography (CCTA), (2) non-ischemic cardiomyopathy
including dilated cardiomyopathy and hypertrophic cardio-
myopathy confirmed by previous studies or routine TTE, (3)
poor echocardiographic window, (4) significant arrhythmia,
(5) severe valvular heart diseases, and (6) severe pulmonary
arterial hypertension. The decision of whether to perform
further tests for CAD using CCTA or CAG, or to discharge
from ED was made by an ED attending physician and an on-
call cardiologist, not by study protocol. If there was
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significant stenosis on CCTA, CAG was performed subse-
quently. Strain data were not provided to the ED attending
physician, the on-call cardiologist, or the cardiologists who
interpreted the routine TTE. Patients were monitored for any
clinical events during 1 month (30 days) following the ED
visit. This study was approved by the ethical committee of
the Institutional Review Board at our hospital.

Echocardiographic examination

TTEs were performed using a Vivid Q system (GE Ving-
med; Horten, Norway) with a 3.5 MHz transducer. The
examinations included measurements of cardiac dimen-
sions, volumes, and LV ejection fractions (EF) using the
established guidelines of the American Society of Echo-
cardiography. Regional LV function was evaluated and
scored for each segment by visual assessment of RWMA
based on the same guidelines. Peak early (E) and late
(A) mitral inflow velocities and early diastolic (E’) and
atrial (A’) mitral annulus velocities were measured. After
standard routine echocardiography, scanning of apical
4-chamber, 2-chamber, and 3-chamber views from the
apical window was performed to quantify LV strain using
an M3S probe without a dual-focusing tool. The frame rate
(range 60-100 frames/s) and probe frequency (range
1.7-2.0 MHz) were adjusted during the end-expiratory
period for optimal image acquisition. Sector width and
image depth were optimized to maintain an adequate frame
rate without losing the 2D image quality. To obtain reliable
strain values, three consecutive heartbeats were stored in
cine-loop format. Strain analysis was done online in the
ED, immediately after image acquisition, by one investi-
gator unaware of the results of patients’ ECGs or cardiac
enzymes using EchoPAC® (BT 06.6.1.0, GE Vingmed;
Horten, Norway) with the AFI technique as previously
described [16]. Analysis of each apical view was per-
formed by manually identifying three points: two on each
side of the mitral valve and a third at the LV apex. The
software automatically detected the endocardium and cre-
ated U-shaped regions of interest that encompassed the
basal, mid, and apical segments of two opposite LV walls.
Tracking quality was automatically assessed and we dou-
ble-checked the quality visually. If necessary, we manually
readjusted the endocardial tracing. The AFI software
divided the LV into 18 segments and provided the peak
systolic segmental longitudinal strain (SLS) in a bull’s eye
format. Peak systolic global longitudinal (GLS) was cal-
culated from the average of the segmental strains. Abnor-
mal regional longitudinal strain (RLS) was defined as two
or more adjacent abnormal segments showing a SLS value
of less than the cutoff value (Fig. 2). Adjacent segments
were defined as segments sharing the same plane between
two segments. For example, the inferior basal segment is
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| Patients with acute chest pain in ED |

I History, Physical exam, ECG, Lab, and CXR |

Non-inclusion:

- ST-elevation MI

- Hemodynamic instability

| Echocardiography (186 study candidates) |

- Non-cardiac chest pain

Exclusion (80):
- History of CAD (45)
- Non-ischemic CM (2)

- Severe VHD (2)

- Severe PAH (1)

- Poor echo window
or arrhythmia (40)

Additional test for CAD (69)
Coronary CT angiography
Coronary angiography

I

Discharge without further test
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H One-month f/u loss (2)
I |

Positive CAD and Negative CAD or
onhe-month event (25) | | one-month event (44)

ohe-month event (1)

Positive Negative
onhe-month event (34)

Fig. 1 Study flow diagram. Patients meeting the exclusion criteria
were counted in the multiple response data. ED indicates emergency
department; MI myocardial infarction, CAD coronary artery disease,

Peak Systolic Strain

Fig. 2 Two examples of longitudinal strain bull’s eye diagrams
acquired from two patients with significant stenosis of the left anterior

descending artery (left) and the right coronary artery (right),
respectively. Abnormal segments with each cut-off value of —15

adjacent to the inferoseptal basal segment but not to the
inferoseptal mid segment. If SLS abnormality was seen
only among the apical six segments, abnormal RLS was
defined as three or more adjacent abnormal SLS. We
referred to the recommendation of American heart associ-
ation for myocardial segments corresponding to each cor-
onary artery and modified it for 18 segment model
(supplement Figure 1) [17]. For inter- and intra-observer

CM cardiomyopathy, VHD valvular heart disease, PAH pulmonary
arterial hypertension, CT computed tomography

Peak Systolic Strain

and —13 % (segmental longitudinal strain) are marked with dots and
triangles, respectively. With cutoff values of —15 and —13 %, both
cases had abnormal regional longitudinal strain (RLS) by definition

variability, two different sonographers acquired the two
sets of echocardiographic images on the same patient
(n = 10) the one after the other.

Definition of pretest probability, CAD, and event

The pretest probability of CAD provides useful information
for the diagnosis of CAD [18]. We retrospectively estimated
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pretest probability in all patients. We took into account age,
sex, and type of chest pain, along with other traditional risk
factors (diabetes, hyperlipidemia, hypertension, smoking)
which are known to be important determinants of disease
prevalence and severity [19-21]. Chest pain was classified
into three categories of Diamond: typical angina, atypical
angina, and non-anginal pain [18]. Based on the age groups,
sex, type of chest pain, and number of risk factors; all
patients were scored on a scale of 4-19. We used this score
as pretest probability. The presence of significant CAD
(CAD-.7o) was defined as >70 % stenosis in one or more
vessels on CAG or CCTA. One-month events included
cardiac death, revascularization, acute coronary syndrome,
and ED visit or hospitalization with recurrent chest pain
requiring further evaluation for CAD within 1 month fol-
lowing the initial ED visit. Information on 1-month events
was obtained from medical records of patients with follow-
up visits or from telephone interviews with patients without
follow-up visits after 1 month following the initial ER visit.
The presence of positive cardiac enzymes was defined as
any elevation of CK-MB or troponin I above the normal
range. Positive RWMA was defined as the presence of at
least two adjacent segments having wall motion scores of
>1.

Statistical analysis

Statistical analyses were performed using IBM SPSS ver-
sion 20.0. Categorical variables are presented as a number
and percentage (%). The Chi square or Fisher’s exact tests
were used for comparison of categorical variables. Con-
tinuous variables are expressed as mean + SD and were
compared using an independent ¢ test or the Mann—Whit-
ney test. Intra- and inter-observer variability was analyzed
as interclass correlation (ICC) or kappa coefficients.
Receiver operating characteristic (ROC) curve analysis
was used to identify cutoff values to distinguish patients
with CAD from controls. Generalized estimating equation
was used to compare accuracy of the different diagnostic
methods for CAD. For multivariable logistic regression
analyses, variables with significant p values on univariable
analyses as well as other clinically important variables
were included into the models in order to compare pre-
diction of CAD among diagnostic tools. A two-tailed
p value of <0.05 was considered statistically significant.

Results
Patients and clinical characteristics

One hundred and eighty-six patients who presented to ED with
acute chest pain were selected as study candidates excluding
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patients satisfying initial exclusion criteria (Fig. 1). Routine
TTE was performed in all 186 patients. However, 40 patients
(22 %) were excluded from strain analysis because of poor
echo window (n = 21), significant arrhythmia (n = 17), or
poor patient cooperation (n = 2) which prevented precise
evaluation. Therefore, 146 patients (78 %) among the initial
study candidates were feasible candidates for online strain
analysis in ED. Following obtaining a history and routine
TTE, additional 40 patients (22 %) with known CAD, non-
ischemic cardiomyopathy, or severe cardiac disease other than
CAD were excluded. Of the remaining patients, two were lost
to follow-up. Total 104 patients (mean age 55 £ 14 years; 64
males) were finally included and 26 patients had a 1-month
event (no cardiac death, 21 revascularization, 3 unstable
angina, and 2 acute MI). Sixty-nine patients underwent CCTA
(n = 52), CAG (n = 33), or both (n = 16). Out of the 69
patients, 25 patients (36 %) were found to have significant
CAD and they also had 1-month events. Thirty-seven patients
were discharged from ED without CCTA or CAG. Among
these, one patient (3 %) had a 1-month event (Fig. 1). The
clinical characteristics presented in Table 1 were compared
between the positive-event group and the negative-event
group. Heart rate and blood pressure were not different in the
two groups. In the positive-event group, the mean age
(60 & 10 vs. 53 £ 15 years, p = 0.017), the proportion of
male patients (85 vs. 54 %, p = 0.005) and the proportion of
active smoker (50 vs. 19 %, p = 0.002) were all significantly
higher. The proportion of hypertension, diabetes, dyslipide-
mia, and CRF was not significantly different between two
groups. Typical chest pain was observed more frequently in
the positive-event group. The pretest score in the positive-
event group was also significantly higher (12 + 3 vs. 10 & 3,
p < 0.001).

Echocardiographic characteristics

The echocardiographic characteristics of the patients are pre-
sented in Table 2. As expected, LV EF was lower in the
positive-event group (54.7 £ 11.3 vs. 62.1 £ 64,
p = 0.003). Among other conventional echocardiographic
parameters, LV end-diastolic dimensions (50.7 &= 4.3 vs.
484 £ 44, p=0.026), LV end-systolic dimensions
(32.7 &£ 5.7 vs. 294 £ 3.3, p = 0.010), and LV mass index
(994 £ 25.5 vs. 85.0 £ 16.8, p = 0.001) were significantly
larger in the positive-event group compared to the negative-
event group. A lower e’ velocity and a higher E/e’ ratio were
also observed in the positive-event group. RWMA was
detected by visual assessment in 23 (22 %) patients, and 16
(73 %) of these patients experienced an event.

Strain analysis including image acquisition usually took
2-5 min. Mean GLS was —17.6 & 3.0 % in all study
patients. The positive-event group had a mean GLS of
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Table 1 Clinical characteristics

Total N = 104 Event (+) N=26 Event(—)N=78 p value”

of patients with 1-month events

and without 1-month events Age (year) 55+ 14 60 + 10 53+ 15 0.017
Male, n (%) 64 (62) 22 (85) 42 (54) 0.005
Heart rate, bpm 72 £ 13 73+ 15 72 £ 13 0.919
Systolic blood pressure, mmHg 127 £ 19 133 £20 126 £ 18 0.121
Diastolic blood pressure, mmHg 77 £ 13 81 £ 11 76 £ 13 0.058
* p value by 7 test or Chi square ~ Medical history
analysis for event (—) versus Hypertension, n (%) 29 (28) 11 (42) 18 (23) 0.058
event (+) groups Diabetes, n (%) 17 (16) 7 (27) 10 (13) 0.125
* We defined chronic renal Dyslipidemia, n (%) 10 (10) 2(8) 8 (10) 0.999
ffl‘;lt‘;r;; ‘(ffﬂr’:ng?‘gﬁfr:ad a Chronic renal failure®, n (%) 1(1) 1 (4) 0 (0) 0.250
documented by any one of the Smoking, n (%) 28 (27) 13 (50) 15 (19) 0.002
following; serum creatinine Typical chest pain, n (%) 10 (10) 8 (31) 2 (3) <0.001
>2.0 mg/dl, on dialysis, or Pretest probability score 10+3 1243 9+3 <0.001
history of a renal transplantation
Table 2 Comparison of echocardiographic characteristics between patients with a 1-month event and without a 1-month event
Total N = 104 Event (+) N = 26 Event (—) N =78 p value*
LV end-diastolic dimension (mm) 490 + 44 50.7 £ 4.3 484 + 44 0.026
LV end-systolic dimension (mm) 302 £ 4.2 327 £5.7 294 £33 0.010
LV ejection fraction (%) 60.2 £+ 8.5 547 £ 113 62.1 £ 6.4 0.003
LV mass index (g/m?) 88.6 + 20.2 99.4 £ 255 85.0 £ 16.8 0.001
Relative wall thickness 0.36 £ 0.05 0.37 £ 0.05 0.36 £ 0.05 0.482
Left atrial volume index (mL/m?) 31.8 £ 104 353 £ 11.8 30.7 £ 9.7 0.050
E (m/s) 0.69 £ 0.19 0.71 £ 0.19 0.69 £+ 0.19 0.566
A (m/s) 0.68 £ 0.18 0.68 £ 0.19 0.68 £+ 0.18 0.994
E/A ratio 1.09 £ 0.42 1.14 £ 0.53 1.08 £ 0.38 0.508
Deceleration time (ms) 218 £ 45 206 £ 33 221 £ 48 0.156
E' (m/s) 0.08 £ 0.03 0.07 £ 0.02 0.08 £ 0.03 0.027
A’ (m/s) 0.11 £ 0.11 0.13 £ 0.17 0.10 £ 0.09 0.369
E/E' ratio 9.14 £ 3.04 10.36 £+ 3.40 8.77 £ 2.84 0.024
Regional wall motion abnormality, n (%) 23 (22) 16 (62) 70 <0.001
Global longitudinal strain (%) —17.6 £ 3.0 —149 £ 238 —185+ 25 <0.001

* p value by ¢ test and Chi square analysis for event (—) versus event (+) groups

—14.6 £ 2.8 % and the negative-event group had a mean
GLS of —18.5 £ 2.5 (p < 0.001). We showed RWMA and
abnormal RLS compared with significantly stenotic coro-
nary arteries in Supplement Table 1. The sensitivity and
specificity of RWMA and abnormal RLS for a stenotic
coronary artery were shown in Supplement Table 2. Intra-
and inter-observer variability for GLS (ICC) was 0.99
(95 % CI 0.96-1.00, p <0.001) and 0.98 (95 % CI
0.92-0.99, p < 0.001). Intra- and inter-observer variability
for RLS (ICC) was 0.95 (95 % CI 0.80-0.99, p < 0.001)
and 0.90 (95 % CI 0.44-0.97, p = 0.001). Inter- and intra-
observer variability to determine presence of RWMA was
0.894 and 1.000 as kappa coefficient (p < 0.001).

Diagnostic performance of strain echocardiography

ROC curves for LVEF, pretest probability, and GLS are
presented along with plots of sensitivity and specificity for
RLS and RWMA, which are categorical variables (Fig. 3).
The area under the curve (AUC) for GLS for CAD-;, was
0.83 (95 % CI10.73-0.93, p < 0.001), which was higher than
the AUCs for LVEF (0.75, 95 % CI 0.62-0.88, p = 0.001)
and pretest probability (0.73,95 % CI10.61-0.86, p = 0.001)
(Fig. 3, left). However, the difference of AUCs for GLS,
LVEF, and pretest probability was not statistically significant
(GLS vs. LVEF, p=0.217; GLS vs. pretest proba-
bility, p = 0.217; LVEF vs. pretest probability, p = 0.249).
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Fig. 3 Receiver operating characteristic curves for LV EF, pretest
probability, and global longitudinal strain and graphs of sensitivity
and specificity for regional longitudinal strain and regional wall
motion abnormality. Left graphs was shown in 69 patients who

ROC curve for a cardiac event
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underwent coronary angiography or coronary CT angiography. Right
graphs was shown in 104 patients who followed up for 1 month after
visit to emergency department

Table 3 Comparison of diagnostic performance for significant coronary artery disease at different regional longitudinal strain cutoff points

(N = 69)

Cut-points of RLS (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
—11 60.0 86.4 71.4 79.2 76.8

—12 84.0 84.1 75.0 90.2 84.1

—13 92.0 71.3 69.7 94.4 82.6

—14 100.0 65.9 62.5 100.0 78.3

—15 100.0 47.7 52.1 100.0 66.7

RLS regional longitudinal strain, PPV, positive predictive value, NPV negative predictive value

The plot of sensitivity and specificity for RLS is shown with
cutoff values of —11, —12, —13, —14, and —15 %. Table 3
shows the details of RLS diagnostic performance at the five
consecutive cutoff points. The plot for RLS shows a left and
upward shifted graph compared to the ROC curve of GLS,
indicating better diagnostic power for RLS compared to
GLS. The largest sum of sensitivity and specificity for
CAD.-y was observed at cutoff values of —13 % for RLS,
—17.8 % for GLS, and 11 for pretest probability. The graphs
for a cardiac event (Fig. 3, right) are very similar with those
for CAD.;y. The AUCs for LVEEF, pretest probability and
GLS for a cardiac event were 0.72 (95 % CI 0.59-0.84,
p < 0.001), 0.78 (95 % CI 0.68-0.88, p < 0.001) and 0.84
(95 % CI 0.76-0.93, p < 0.001), respectively. The plot of
RLS for a cardiac event also demonstrates a left and upward
shifted graph compared to the graphs of GLS. The optimal
cutoff values for RLS, GLS, and pretest probability for a
cardiac event were same as those for CAD-5, Table 4
details the diagnostic performances for CAD., for pretest
probability, cardiac enzymes, RWMA, GLS, and RLS. The
values are presented at the optimal cutoff points for pretest
probability, GLS, and RLS (11, —17.8, and —13 %,
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respectively). Although the accuracy among the different
methods was not different (p = 0.095), the sensitivity of
GLS and RLS (both 92.0 %) was much higher than the
sensitivity of positive RWMA (64 %). The specificities of
GLS and RLS (56.8 and 77.3 %, respectively) were lower
than that of positive RWMA (88.6 %). The prediction of
CAD among diagnostic tools was also compared using
multivariable analyses (Table 5). In model 1, pretest proba-
bility, RWMA, cardiac enzyme, and GLS were significant.
When RLS was added in model 1 instead of GLS (model 2),
only pretest probability and RLS showed significant predic-
tion of CAD. In model 3 including both GLS and RLS,
pretest probability [Odds ratio (OR) 1.91, 95 % confidence
interval (CI) 1.22-2.99, p = 0.005] and RLS (OR 25.42,
95 % CI 1.84-342.04, p = 0.016) still showed significance.

Discussion
In the present study, we investigated the usefulness of TTE

including online longitudinal strain analysis in evaluating
acute chest pain in ED for significant CAD. RLS had
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Table 4 Comparison of diagnostic performance for significant coronary artery disease among different parameters at their optimal cutoff points

N =69 Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)*
Pretest probability 72.0 63.6 52.9 63.6 66.7
Cardiac enzyme 28.0 97.7 87.5 70.5 72.4
Regional wall motion abnormality 64.0 88.6 76.2 81.3 79.7
Global longitudinal strain 92.0 56.8 54.8 92.6 69.6
Regional longitudinal strain 92.0 71.3 69.7 94.4 82.6

PPV positive predictive value, NPV negative predictive value

* The p value comparing accuracy of the five diagnostic methods was 0.095

Table 5 Multivariable analyses for prediction of coronary artery disease (N = 69)

Variable Model 1 OR 95 % CI p value Model 2 OR 95 % CI p value Model 3 OR 95 % CI p value
Pretest score 1.88 1.18-3.01 0.008 2.16 1.21-3.86 0.009 1.91 1.22-2.99 0.005
LVEF (%) 1.15 0.93-1.42 0.194 1.08 0.91-1.30 0.382 1.08 0.95-1.23 0.271
LVEDD (mm) 0.73 0.45-1.17 0.192 0.75 0.51-1.11 0.149

LVESD (mm) 1.19 0.73-1.93 0.484 1.06 0.68-1.64 0.796

LVMI (g/m?) 0.99 0.93-1.05 0.753 1.02 0.97-1.08 0.262

E/E’ ratio 1.12 0.84-1.49 0.446 1.14 0.85-1.52 0.372

RWMA 47.21 1.94-1,149.07 0.018 30.40 0.98-940.30 0.051 8.36 0.50-139.11 0.139
Cardiac enzyme 49.05 1.66-1,449.11 0.024 55.13 0.59-5,168.15 0.083 37.40 0.99-1,413.97 0.051
GLS 2.12 1.23-3.65 0.007 1.41 0.96-2.06 0.079
RLS (—13) 47.00 3.91-565.06 0.002 25.42 1.84-342.04 0.016

OR odds ratio, CI confidence interval, LVEF left ventricular ejection fraction, LVEDD left ventricular end-diastolic diameter, LVESD left
ventricular end-systolic diameter, LVMI left ventricular mass index, RWMA regional wall motion abnormality, GLS global longitudinal strain,

RLS (—13) regional longitudinal strain with cut-off value of —13 %

higher sensitivity for CAD with similar accuracy compared
with RWMA. Approximately 80 % of patients with acute
chest pain who required further evaluation for CAD were
feasible for performing strain echocardiography with
online analysis in ED. Recent studies have shown that both
RLS and GLS have diagnostic value for CAD and that the
diagnostic accuracy of strain echocardiography in patients
with chest pain is superior to that of RWMA by 2D
echocardiography [11, 13, 22-24]. Nevertheless, most of
these studies included stable patients with suspicion of
CAD who were scheduled for elective CAG, and none
demonstrated the diagnostic value of strain echocardiog-
raphy in an emergency room setting, where physicians
frequently encounter patients with chest pain.

We defined significant CAD as >70 % stenosis in one or
more vessels on CAG or CCTA. Although CAG is the
reference standard test to define significant coronary artery
stenosis, the high diagnostic accuracy of CCTA has been
reported in many studies [25-27]. Among 69 patients who
underwent coronary imaging tests in this study, 33 patients
underwent CAG and 52 patients did CCTA. All 16 patients
who had >50 % stenosis on CCTA were performed with
CAG and the >70 % stenosis in the patients actually

confirmed by CAG. The <50 % stenosis on CCTA was
considered as insignificant stenosis without further tests
since especially high sensitivity and NPV of CCTA have
been reported [25, 27].

In terms of global strain, previous studies have reported
the diagnostic performance of GLS with optimal cutoff
values. Choi et al. [11] demonstrated that decreased GLS
with a cutoff value of —17.9 % was associated with multi-
vessel disease or left main disease in stable CAD. Two
other studies reported that GLS had higher and similar
sensitivity/specificity for significant CAD (>50 % steno-
sis) compared to pretest likelihood and stress echocardi-
ography, respectively [13, 22]. These two studies proposed
GLS cutoff points of —17.77 and —17.4 % as the optimal
values with the highest sensitivity/specificity. The optimal
GLS cutoff point found in this study, —17.8 %, is very
similar to these previously reported values. Unlike global
strain, few studies have investigated the role of regional
strain for the diagnosis of CAD or have proposed cutoff
values of regional strain for the diagnosis of significant
CAD. Gjesdal et al. [28] reported that SLS of —13 and
—16 % predicted transmural infarction and non-transmural
infarction, respectively. More recently Grenne et al. [23]

@ Springer



554

Int J Cardiovasc Imaging (2015) 31:547-556

reported that abnormal longitudinal strain in five or more
segments identified patients with acute coronary occlusion
demonstrating a cutoff value of SLS as —14 %. Another
recent study showed that four or more abnormal SLS with a
cutoff value of —15 % for significant CAD (>75 % ste-
nosis) [12]. In the present study, we defined abnormal RLS
as at least two adjacent segments with abnormal SLS and
determined the diagnostic performance at the five different
abnormal SLS cutoff values (Table 4). From the data, the
sum of sensitivity and specificity was largest at a SLS
cutoff point of —13 % and accuracy was highest at a SLS
cutoff point of —12 %. However, caution is needed to use
the presented cut-off values as reference values since low
inter-vendor agreement in 2-dimensional strain was
reported [29]. One the other hand, for the reason why GLS
performed worse than RLS for prediction, we consider that
GLS is the average of segmental strain and does not well
reflect regional dysfunction of LV caused by single coro-
nary arterial occlusion.

Regarding diagnostic performance, visual assessment of
RWMA as the sole method to detect CAD by conventional
TTE showed a sensitivity of 64 % which was even lower
than the sensitivity of pretest probability (72 %) in the
present study (Table 5). Even though the accuracy was not
statistically different between RWMA and RLS, the sen-
sitivity (92 %) of RLS was much higher than that of
RWMA. Improved sensitivity of RLS to detect the signif-
icant CAD is very important in terms of usefulness of RLS
in acute chest pain patients in ED because the most sig-
nificant limitation of RWMA on conventional echocardi-
ography was low sensitivity as a primary diagnostic tool. In
ischemic cascade, it is well-known that systolic dysfunc-
tion is followed by cellular dysfunction and diastolic dys-
function and is caused by relatively longer ischemic insult
or repetitive ischemia [30]. With conventional echocardi-
ography RWMA by visual assessment can be detected only
when visible systolic dysfunction occurred. In addition
RWMA reflects radial thickening rather than longitudinal
deformation. Becker el al. [31] demonstrated that radial
strain accurately discriminated normokinetic, hypokinetic,
or akinetic segments compared to cardiac magnetic reso-
nance imaging. A later studies showed longitudinal strain is
more sensitive than radial strain to detect ischemia [32, 33].
Those data might explain why longitudinal strain is more
sensitive than RWMA, which was demonstrated in the
current study. On the other hand, the sensitivity of RWMA
in the present study was much higher than that of the other
study. Tsai et al. [12] reported that the sensitivity of
RWMA for detecting significant CAD was only 19 %. In
this study the echocardiologist who interpreted RWMA
from the acquired images could know some clinical
information, which included the main reason to perform
echocardiography such as acute chest pain and patients’
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location such as ED. The clinical information may result in
the high sensitivity of RWMA and no difference of accu-
racy between RLS and RWMA because assessment of
RWMA is subjective.

Strain echocardiography can be easily carried out in ED.
It does not have the risks associated with the use of a
contrast agent or radiation exposure. Furthermore, neither
fasting nor additional medication is required for echocar-
diography. Recently-developed AFI software allows for
easy strain analysis [34, 35]. In this study, we used online
strain analysis to evaluate acute chest pain in ED. The
feasibility of this method was limited in some patients with
a poor echocardiographic window, but its use could be
acceptable in daily clinical practice when considering the
lack of additional risks and the relatively low cost. Fur-
thermore, the high sensitivity (92/92 %) and NPV (93/
94 %) for GLS and RLS in this study population were
comparable with those of CCTA. A recent review article
reported pooled sensitivity and NPV of CCTA as 98 and
96 %, respectively [27]. However, in aspect of specificity,
RLS and GLS has still have limitation. Thus, consecutive
work-up for patients with abnormal strain value should be
individualized according to clinical situation.

There were some limitations to this study. First, only 69
(66 %) patients underwent CAG or CCTA. This prevented
us from calculating the diagnostic performance for signif-
icant CAD in all patients. However, we could see the
sensitivity and specificity for predicting cardiac events in
most patients. In addition, although we showed cut-off
values for global and regional strain abnormality, the val-
ues may not be used as reference values in other condi-
tions. Especially, it is because strain values are affected by
the vendor difference. Moreover, we could not analyze
correlation between the level of decreased RLS and the
anatomical or functional severity of coronary stenosis such
as fractional flow reserve in the same territories. As in all
other studies of echocardiography, image quality was an
important limitation in our study. This could also be a
significant limiting factor for the application of TTE with
strain to patients in ED in real clinical settings. Finally, our
study population is very limited in terms of inclusion cri-
teria and the small number of patients. We only included
patients who visited the ED with acute chest pain and
excluded patients who were considered as having non-
cardiac chest pain on the initial assessment. Therefore, our
result should not be applied to patients with chest pain in
other settings.

In conclusion, considering the non-invasiveness and easy
accessibility, LV strain echocardiography using online ana-
lysis may be useful to diagnose CAD and predict future
events in acute chest pain patients presenting to ED. In
particular, the sensitivity and NPV of RLS were comparable
with previously reported values in CCTA. A comprehensive
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study is warranted to further confirm the usefulness and
accuracy of strain echocardiography in diagnosis of ische-
mic heart disease in acute chest pain patients.
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