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Abstract
Few data exist regarding the effect of image quality on measurements of two-dimensional longitudinal strain (2DLS). In 
the 2DLS for Diagnosing Chest Pain in the Emergency Room (2DSPER) multicenter study, 2DLS was not useful for ruling 
out acute coronary syndromes (ACS) in the emergency department (ED). The aim of this substudy was to determine the 
effect of 2D image quality on the diagnostic accuracy of 2DLS for ACS. We reviewed apical views used for 2DLS analysis 
in all 605 patients included in the 2DSPER study. Studies with the best image quality (HighQ, n = 177), were compared to 
the lower quality group (LowQ, n = 428). Abnormal 2DLS was defined as PSS20% > − 17% (PSS20% being the peak left 
ventricular systolic strain value identifying the 20% worst strain values). Global longitudinal strain (GLS) and PSS20% were 
significantly worse in LowQ compared to HighQ patients. LowQ independently predicted abnormal 2DLS (OR 1.9, 95% CI 
1.3–2.9, P = 0.003). The sensitivity of PSS20% > − 17% for ACS was 85% for LowQ vs. 73% for HighQ (P = 0.2), specific-
ity 22% vs. 38% (P < 0.0001) and overall accuracy 29% vs. 44% (P = 0.0004). Despite better overall accuracy in the HighQ 
group there was no significant difference between the receiver operating characteristic curves of either GLS or PSS20% in 
the two groups and abnormal 2DLS did not predict ACS even in HighQ patients (OR 1.7, 95% CI 0.7–4.3, P = 0.3). LowQ 
echo is associated with worse 2DLS. Abnormal 2DLS was not clinically useful for excluding ACS in the ED even in patients 
with optimal 2D image quality.
Clinical Trial Registration URL: http://www.clini caltr ials.gov. Unique identifier: NCT01163019.

Keywords Image quality · Two-dimensional echocardiography · Acute coronary syndrome · Longitudinal strain · Speckle 
tracking echocardiography

 * Avinoam Shiran 
 av.shiran@gmail.com

1 Department of Cardiovascular Medicine, Lady Davis Carmel 
Medical Center, 7 Michal Street, 34362 Haifa, Israel

2 The Ruth and Bruce Rappaport Faculty of Medicine, 
Technion, Israel Institute of Technology, Haifa, Israel

3 Department of Cardiology, Hillel Yaffe Medical Center, 
Hadera, Israel

4 Kaplan Medical Center, Hebrew University, 
Rehovot, Jerusalem, Israel

5 Department of Cardiology, Haemek Medical Center, Afula, 
Israel

6 Department of Cardiology, Shaare Zedek Medical Center, 
Jerusalem, Israel

7 Department of Cardiology, Rabin Medical Center, 
Petah Tikva, Israel

8 Hadassah-Hebrew University Medical Center, Jerusalem, 
Israel

9 Department of Cardiology, Assaf Harofeh Medical Center, 
Zerifin and Sackler School of Medicine, Tel Aviv University, 
Tel Aviv, Israel

10 Heart Center, Sheba Medical Center, Tel Hashomer, Israel
11 Department of Biomedical Engineering, Technion, Israel 

Institute of Technology, Haifa, Israel
12 Division of Cardiology, Soroka University Medical Center 

and Ben Gurion University of the Negev, Beer Sheva, Israel

http://orcid.org/0000-0001-8500-602X
http://www.clinicaltrials.gov
http://crossmark.crossref.org/dialog/?doi=10.1007/s10554-018-1495-x&domain=pdf


618 The International Journal of Cardiovascular Imaging (2019) 35:617–625

1 3

Introduction

Rapid, but accurate, diagnosis of ischemic chest pain (CP) 
in the emergency department (ED) is challenging, in view 
of the fact that in the united states alone 7 million patients 
present each year to the ED with CP [1]. Two-dimensional 
longitudinal strain (2DLS) analysis using speckle track-
ing imaging echocardiography is a useful tool for the 
assessment of global and segmental left ventricular (LV) 
function [2–4]. Several small single-center studies have 
reported that 2DLS can accurately detect coronary artery 
disease (CAD) and identify patients with acute coronary 
syndromes (ACS), even when imaging is performed up to 
48 h after the last CP episode and when standard 2D echo 
studies do not show wall motion abnormalities (WMA) 
[5–10].

The 2D Strain Echocardiography for Diagnosing Chest 
Pain in the Emergency Room (2DSPER) study was a mul-
ticenter, prospective, blinded study designed to assess the 
diagnostic value of 2DLS in the assessment of patients 
presenting to the ED with CP, a non-diagnostic ECG and 
a normal troponin level on admission [11]. In that study 
2DLS was not found to be a useful tool to rule out ACS in 
the ED, due to a low specificity (26%) and a low overall 
accuracy (33%). In 2DSPER a new 2DLS parameter was 
used, the peak systolic strain value identifying the worst 
20% LV segments (PSS20%), because this parameter was 
reported to be superior to global longitudinal strain (GLS) 
for the diagnosis of ACS [6]. Abnormal 2DLS was prede-
fined as PSS20% > − 17%.

Adequate 2D image quality is essential for accu-
rate 2DLS analysis, but there is little data regarding its 
impact on the accuracy of 2DLS analysis [12–15]. Per 
protocol the 2DSPER multicenter study excluded patients 
with inadequate image quality. Nevertheless, it is unclear 
whether selecting only patients with the best image quality 
would have improved the diagnostic accuracy of 2DLS for 
ruling out ACS in the ED. Our aim, in the present suba-
nalysis, was to determine the effect of 2D image quality 
on the diagnostic accuracy of 2DLS for ACS in patients 
presenting to the ED with CP.

Methods

The 2DSPER was a prospective multicenter blinded 
study conducted by the Israeli Echo Research Group 
[11]. Patients over the age of 45 who presented to the ED 
with CP and suspected ACS were enrolled in 11 Israeli 
medical centers participating in the study. Patients were 
excluded from the trial if they had ≥ 1 mm ST elevation or 

depression, elevated initial troponin, previous myocardial 
infarction or coronary bypass surgery, other than normal 
sinus rhythm, complete left bundle brunch block, moderate 
or severe valvular disease or cardiomyopathy.

Patients were diagnosed as having ACS based on the 
clinical presentation and evidence of myocardial ischemia 
on stress ECG, stress echocardiography or scintigraphy and/
or with the presence of a culprit lesion (≥ 70 stenosis in a 
major coronary artery) on coronary computed tomography 
angiography (CCTA) or invasive coronary angiography. The 
study was approved by the local institutional review board of 
each participating center and all patients signed an informed 
consent form.

Transthoracic echocardiography was performed using 
commercially available General Electric systems (VIVID 
Q or S6 or Vivid 7, GE Vingmed Ultrasound AS, Horten, 
Norway). Apical long axis, 4-chamber and 2-chamber views 
were digitally recorded at a frame rate of > 40 fps for offline 
2DLS analysis. Standard echocardiographic findings, but not 
2DLS findings, were available to the attending physician.

An echo study was performed within 24 h of the last chest 
pain episode. Patients with suboptimal 2D echo image qual-
ity, defined as ≥ 2 technically suboptimal segments from 
apical views, were excluded from the study. All echocardio-
grams were analyzed in a core lab (Lady Davis Carmel Med-
ical Center) by a single experienced sonographer blinded to 
all clinical data. Of the 700 patients initially enrolled in the 
2DSPER study 48 (6.9%) did not meet the 2D echo image 
quality criteria and were withdrawn from the study after 
the initial core lab analysis. The final cohort included 605 
patients who had complete clinical and echocardiographic 
data, including adequate 2DLS analysis. In all 605 patients 
included, tracking in all LV segments was feasible according 
to the 2DLS analysis software.

All 605 echocardiograms included in the final 2DSPER 
study cohort were included in the current substudy, and 
reviewed by a single experienced sonographer blinded to 
all clinical and 2DLS data. Studies with the best image qual-
ity, defined as optimal visualization of all left ventricular 
segments throughout the cardiac cycle in all three views, 
were classified as high quality (HighQ), and the rest as low 
quality (LowQ).

All echocardiograms were analyzed using a dedicated 
2DLS software (EchoPAC SW version 113.0.3; GE Ving-
med Ultrasound AS). For each patient global longitudinal 
strain (GLS) was computed, and an additional histographic 
analysis of the 2DLS was performed from which the peak 
systolic strain of the worst 20% segments was computed 
as previously reported [6, 11]. Briefly, histograms of PSS 
from traces of 150–200 small segments of the left ventricu-
lar myocardium were generated from each of the three apical 
views, and combined into a single histogram for the entire 
left ventricle. For each histogram, the 20th-percentile PSS 
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value was calculated (PSS20%), separating the 20% higher 
(worse) strain values from the rest. Based on previous 
unpublished data a pre-specified PSS20% value of > − 17% 
was used to define abnormal 2DLS.

Continuous variables are presented as mean ± SD and 
categorical variables as numbers and percentages. Charac-
teristics of HighQ and LowQ patients were compared using 
the Student’s t-test or the Wilcoxon two sample test for con-
tinuous variables and χ2 or Fisher’s exact test for categori-
cal data. When multiple comparisons were performed, the 
Bonferroni correction was applied. Diagnostic accuracy was 
assessed by receiver operating characteristic (ROC) curves, 
and sensitivity and specificity were calculated. Areas under 
the receiver operating characteristics curves (AUC) were 
compared using the method of DeLong et al. [16]. Multiple 
logistic regression models were used to calculate odds ratios 
(OR) and corresponding 95% CI for potential factors affect-
ing PSS20%, and for predictors of ACS. Differences were 
considered statistically significant at the 2-sided P < 0.05. 
Statistical analyses were performed using SAS 9.4 software 
(SAS Institute Inc., Cary NC, USA).

Results

Of the 605 patients included in the final study cohort, 177 
patients (29%) had optimal image quality (HighQ group). 
HighQ patients were younger than LowQ patients, had a 
lower body mass and body mass index (BMI) and were 
less likely to have hypertension and to be on beta blocker 
therapy, but more likely to be males and to have minor ST 
deviation on ECG (Table 1). In both groups the TIMI risk 
score was low to moderate. The echocardiographic findings 
of HighQ and LowQ patients are summarized in Table 2. 
LowQ patients had a significantly higher heart rate, lower 
LV ejection fraction, thicker LV septum and worse diastolic 
function as compared to HighQ patients, but there were no 
significant differences in visual WMA between the groups.

LowQ patients were more likely to be admitted to the 
hospital as compared to HighQ patients (Table 3). ACS 
was diagnosed in 48 (11.2%) of the LowQ group and 26 
patients (14.7%) of the HighQ group (P = 0.29). The major-
ity of ACS patients had unstable angina pectoris. Coronary 
anatomy using either CCTA (n = 52) or coronary angiogra-
phy (n = 123) was available for 165 patients (27%). A cul-
prit lesion was identified in all 67 patients with ACS and 
known coronary anatomy, most of which had single ves-
sel disease treated by percutaneous coronary intervention. 
Coronary anatomy was available in 98/531 (18%) patients 
without ACS and none of them had significant CAD. There 
was no significant difference between the LowQ and HighQ 
groups in all clinical and anatomical parameters presented 
in Table 3 other than the rate of hospital admission.

Both GLS and PSS20% were significantly worse in LowQ 
as compared to HighQ patients, but the difference between 
the two groups was small (Table 2; Fig. 1). PSS20% was 
significantly worse in patients with ACS as compared to 
No-ACS only in the HighQ group (LowQ: − 14.4 ± 2.5 
vs. − 15.15 ± 2.6%, P = 0.089, HighQ: − 15.3 ± 2.7 vs. 
− 16.5 ± 2.1%, P = 0.013). LowQ was an independent vari-
able associated with abnormal 2DLS, together with male 
gender, higher BMI, higher heart rate and abnormal LV early 
relaxation (Table 4).

The sensitivity of abnormal 2DLS for the diagnosis of 
ACS in the HighQ group was 73%, similar to that of the 
LowQ group (Table 5). The negative predictive value of a 
normal 2DLS was 89% in HighQ patients, similar to the 
LowQ patients. The specificity and overall accuracy of 
abnormal 2DLS for the diagnosis of ACS were significantly 
higher in the HighQ group, but remained low at 38% and 
44%, respectively, with a very low positive predictive value 
of only 17%, similar to that of the LowQ group. Despite the 
significantly better overall accuracy of abnormal 2DLS for 
the diagnosis of ACS in the HighQ group, ROC curves of 
2DLS for the diagnosis of ACS were similar in LowQ and 
HighQ patients, and the AUC for both GLS and PSS20% 
were low (57.5–63.4%) and not significantly different 
between LowQ and HighQ patients (Fig. 2). Abnormal 
2DLS (PSS20% > − 17%) did not predict ACS in the HighQ 
group (OR 1.69, 95% CI 0.67–4.28, P = 0.27).

Discussion

To date there are over 2000 published papers on 2D strain 
echocardiography using speckle tracking imaging. Yet large 
multicenter studies designed to test the clinical utility of 2D 
strain echocardiography in real world scenarios are lacking. 
The 2DSPER prospective multicenter study clearly showed 
that 2DLS has a low accuracy for the detection of ACS in 
low to medium risk patients presenting with CP to the ED, 
despite a number of smaller studies which have reported 
optimistic results [5–10]. Caspar et al. recently reported 
an AUC of 92% for GLS in patients with suspected non-
ST elevation ACS, compared to 60% in the 2DSPER total 
cohort and 62% in the HighQ subgroup [10]. The study of 
Caspar et al, however, included a selected group of only 58 
patients out of 150 consecutive patients with suspected non-
ST elevation ACS, and only 25 did not have ACS. Interest-
ingly, most of the Non-ACS patients were women, in whom 
better strain values are expected, which may account for the 
better 2DLS values in Caspar’s Non-ACS group [18, 19].

The 2DSPER study, in contrast to the other reported 
studies, is the only large multicenter study, resembling 
more closely a “real world” scenario. We have extensively 
discussed that in the original 2DSPER publication [11]. 
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The main difference between the 2DSPER and the other 
smaller studies was in the 2DLS values of the Non-ACS 
patients, which were worse, with less negative values as 
compared to the other studies, resulting in a low specific-
ity and a low overall accuracy of an abnormal 2DLS for 
the diagnosis of ACS. The assumption that 2DLS has a 
“memory effect” in ACS patients, explaining the reduced 
2DLS observed long after the ischemic episode, may not 
be true [6]. The reduced 2DLS in ACS patients may be the 
result of factors other than ischemia that impair myocar-
dial performance.

One possible explanation for the difference between the 
results of the current study and those reported by others, 
could be that in an effort to enroll into 2DSPER all com-
ers under challenging conditions (portable machines used 
outside the echo lab), patients with suboptimal image qual-
ity were enrolled as well. This may have resulted in falsely 
worse 2DLS values in the Non-ACS group and inability to 
separate ACS from Non-ACS. However, our data clearly 
show that inadequate image quality was not the reason for 
the failure of 2DLS to accurately identify ACS patients, and 
thus to explain the difference between our findings and those 

Table 1  Patient characteristics

Bold defines a significant P Value
ACE-I angiotensin converting enzyme inhibitor, ARB angiotensin receptor blocker, BMI body mass index, 
CCB calcium channel blocker, FH family history, Hb hemoglobin, PCI percutaneous coronary intervention
*Unstable angina/non-ST elevation myocardial infarction TIMI score [17]
† n = 524. Troponin I was used in 81 patients (data not shown)

Variable LowQ HighQ P value
(N = 428) (N = 177)

Age (y) 58.7 ± 8.8 56.5 ± 7.9 0.0039
Male gender 285 (66.6%) 141 (79.7%) 0.0014
Height (cm) 169.9 ± 9.6 171.5 ± 8.8 0.053
Weight (kg) 83 ± 16.1 79.3 ± 13.2 0.0037
BMI (kg/m2) 28.7 ± 4.9 26.9 ± 3.8 < 0.0001
Duration of last CP (h) 2.6 ± 5.2 2.1 ± 4.6 0.21
Time from CP (h) 10.1 ± 7.3 9.8 ± 7 0.72
CP episodes/24 h 3 ± 3 3.4 ± 4.1 0.38
Known CAD 36 (8.4%) 19 (10.7%) 0.37
Previous PCI 34 (7.9%) 16 (9.0%) 0.66
TIMI  score* 1.7 ± 1.2 1.6 ± 1.2 0.12
Risk factors
 Hypertension 220 (51.4%) 65 (36.7%) 0.001
 Diabetes 117 (27.3%) 36 (20.3%) 0.072
 Hyperlipidemia 242 (56.5%) 89 (50.3%) 0.16
 FH of CAD 153 (35.8%) 59 (33.3%) 0.57
 Current smoker 139 (32.5%) 68 (38.4%) 0.16

Medications at enrolment
 Aspirin 174 (40.7%) 66 (37.3%) 0.44
 Beta blockers 92 (21.5%) 17 (9.6%) 0.0005
 Nitrates 7 (1.6%) 3 (1.7%) > 0.99
 ACE-I 87 (20.3%) 35 (19.8%) 0.88
 ARB 32 (7.5%) 16 (9.0%) 0.52
 CCB 51 (11.9%) 19 (10.7%) 0.68

ECG on admission
 ST deviation ≥ 0.5 mm (but < 1 mm) 20 (4.7%) 16 (9.1%) 0.038
 T wave inversion 33 (7.7%) 8 (4.5%) 0.16

Laboratory results
 Creatinine (mg%) 0.86 ± 0.2 0.87 ± 0.17 0.55
 Hb (g%) 14 ± 1.5 14.9 ± 8.9 0.097
 Initial Troponin T (ng/l)† 8 ± 9 8 ± 8 0.97
 Highest Troponin T (ng/l)† 18 ± 83 17 ± 77 0.43
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of the other studies. Although the specificity of an abnormal 
2DLS in the HighQ group was significantly better than in 
the LowQ group, it remained low (38%), and therefore the 
overall accuracy, although significantly better in the HighQ 
group as well, also remained low (44%). Furthermore, 
there was no significant difference between the LowQ and 
HighQ groups in the AUC of both GLS and PSS20% ROC 
curves which were all low, in contrast to the previous reports 
[6–10]. A significant difference in accuracy between two 
groups at a particular cutoff value (PSS20%= − 17% in our 
case), can coexist with non-significant difference between 
the two AUC (Fig. 2b).

The differences in average GLS and PSS20% values of 
the LowQ and HighQ groups, although statistically sig-
nificant, were small (absolute difference 0.8% for GLS and 
1.2% for PSS20%). The LowQ and HighQ groups were sim-
ilar in most clinical, echocardiographic and angiographic 
parameters. In particular, they had similar rates of ACS and 

revascularization. Patients in the LowQ group were slightly 
older and more likely to be female. LowQ was associated 
with worse 2DLS values despite the fact that women gen-
erally have better 2DLS [19, 20]. They had a higher heart 
rate and worse diastolic function (significantly lower e′ and 
higher E/e′). Body weight and BMI were higher in the LowQ 
group which is not surprising, since image quality is often 
compromised in patients with high BMI values, resulting in 
worse 2DLS. This association, however, may not be related 
to their body habitus or to image quality but to an actual 
reduction in myocardial function which has been reported 
in patients with elevated BMI [21]. LowQ echoes were inde-
pendently associated with abnormal 2DLS, as were male 
gender, BMI, a higher heart rate and impaired early relaxa-
tion. This association between 2DLS and gender, BMI and 

Table 2  Echocardiographic findings

Bold defines a significant P Value
BP blood pressure, DecT E wave deceleration time, EF ejection frac-
tion, IVS interventricular septum, LA left atrium, LVEDD left ventric-
ular end-diastolic diameter, LVESD left ventricular end-systolic diam-
eter, PASP pulmonary artery systolic pressure, PW posterior wall, 
WMA wall motion abnormality
*At the time of echocardiography
† 38 missing (6.3%)
‡ 258 unavailable (42.6%)

Variable LowQ HighQ P value
(N = 428) (N = 177)

Heart rate (beats/min)* 69 ± 11.6 66.1 ± 11.2 0.0042
BP systolic (mmHg)*,† 132 ± 19.1 129 ± 18.1 0.082
BP diastolic (mmHg)*,† 78.8 ± 11.7 78.1 ± 10.6 0.50
EF (%) 61.0 ± 4.6 61.6 ± 5.1 0.015
WMA 38 (8.9%) 14 (7.9%) 0.70
LVEDD (cm) 4.5 ± 0.5 4.5 ± 0.4 0.74
LVESD (cm) 2.8 ± 0.5 2.9 ± 0.5 0.066
IVS (cm) 1.04 ± 0.17 1.0 ± 0.15 0.0077
PW (cm) 1 ± 0.1 0.9 ± 0.1 0.39
LA (cm) 3.6 ± 0.5 3.5 ± 0.4 0.20
PASP (mmHg)‡ 24.1 ± 7.2 25.4 ± 5.9 0.091
E (cm/s) 69.5 ± 16.3 65.8 ± 14.6 0.0097
A (cm/s) 70 ± 19.2 65.2 ± 15.8 0.0015
E/A 1.1 ± 0.5 1.1 ± 0.3 0.49
DecT (ms) 220.9 ± 129.4 205.4 ± 43 0.04
e′ septal (cm/s) 7.7 ± 2.1 7.8 ± 2 0.42
e′ lateral (cm/s) 9.5 ± 2.7 10.3 ± 2.6 0.0004
e′ mean (cm/s) 8.6 ± 2.2 9.1 ± 2.1 0.015
E/e′ mean 8.6 ± 3 7.6 ± 2.4 < 0.0001
GLS − 18.6±2.6% − 19.4±2.5% 0.0008
PSS20% − 15.1±2.6% − 16.3±2.2% < 0.0001

Table 3  Observation, coronary anatomy, revascularization and final 
diagnosis

Bold defines a significant P Value
CABG coronary artery bypass grafting, NSTEMI non-ST eleva-
tion myocardial infarction, PCI percutaneous coronary intervention, 
STEMI ST elevation myocardial infarction
*One patient with ACS self-discharged
† Diameter stenosis < 25%
‡ Diameter stenosis > 25% and < 70%
§ Diameter stenosis ≥ 70%
|| Three vessel or left main or proximal LAD CAD
# Diameter stenosis ≥ 70% on CCTA or coronary angiography
**During observation

Variable LowQ HighQ P value
(N = 428) (N = 177)

Hospital admission* 307 (71.7%) 100 (56.5%) 0.0003
CCTA 37 (8.6%) 15 (8.5%) 0.95
 No  CAD† 24/37 (64.9%) 11/15 (73.3%) 0.75
 Non-significant  CAD‡ 9/37 (24.3%) 3/15 (20%) > 0.99
 Significant  CAD§ 4/37 (10.9) 1/15 (6.7%) > 0.99

Coronary angiography 86 (20.1%) 37 (20.9%) 0.82
 No  CAD† 30/86 (34.9%) 10/37 (27.0%) 0.39
 Non-significant  CAD‡ 12/86 (14.0%) 5/37 (13.5%) 0.95
 Significant  CAD§ 44/86 (51.2%) 22/37 (59.5%) 0.40
 1 Vessel disease 31/86 (36.1%) 15/37 (40.5%) 0.64
 Severe  CAD|| 6/86 (67.0%) 2/37 (5.4%) > 0.99

Culprit lesion  identified# 45/428 (10.5%) 22/177 (12.4%) 0.49
No culprit lesion identi-

fied
71/428 (16.6%) 27/177 (15.3%) 0.69

Revascularization 39 (9.1%) 21 (11.9%) 0.30
 PCI 37 (94.9%) 20 (95.2%) > 0.99
 CABG 2 (2.6%) 1 (4.8%) > 0.99

ACS 48 (11.2%) 26 (14.7%) 0.29
 Unstable angina 40 (83.3%) 24 (92.3%) 0.48
 NSTEMI 6 (12.5%) 2 (7.7%) 0.70
 STEMI** 2 (4.2%) 0 0.54
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heart rate has been previously described [18, 19, 21, 22]. 
The association between impaired diastolic and systolic 
function is also not surprising since they often coexist [20].

Although adequate image quality is justly considered 
a prerequisite for an accurate 2DLS analysis, the effect of 
image quality on 2DLS has not been adequately studied 
[12]. MacRon et al. studied 70 patients, 28 of whom had 
inadequate image quality (defined as ≥ 3 segments not ana-
lyzable visually), and reported a good reproducibility and 
correlation between 2DLS and cardiac magnetic resonance 
(CMR) LV ejection fraction irrespective of image qual-
ity [13]. Obokata et al., on the other hand, reported bet-
ter correlation between CMR and echocardiographic GLS 
in patients with good image quality [14]. The feasibility of 
speckle tracking is dependent on image quality, and has been 
reported to be better with GE systems as compared to other 
vendors in patients with medium range image quality [23]. 

Feasibility of speckle tracking, however, does not guarantee 
the accuracy of the derived 2DLS data. Tracking quality is 
usually worse in apical and basal segments, and in anterior 
and posterolateral segments which are more challenging to 
image [22]. It appears that impaired speckle identification 
and tracking in patients with LowQ images produce falsely 
worse deformation values, similar to poorly visualized LV 
segments that are often incorrectly perceived as hypokinetic 
to the human eye.

It may not be easy to differentiate an “adequate quality” 
echo study from an “inadequate quality” echo, and there is 
no clear cutoff separating the two. An integral automatic 
quality check built into the speckle tracking algorithm, could 
prove extremely valuable in ensuring accurate, objective and 
reliable speckle tracking and in obtaining optimal 2DLS data 
derived thereof. Such a mechanism, if properly validated, 
could prove useful in clinical practice to ensure adequate 

Fig. 1  Impact of image quality and the presence of ACS on 2DLS. 
Box plots of GLS (a) and PSS20% (b) showing a significantly 
worse 2DLS in LowQ patients as compared to HighQ (P = 0.0008 
and P < 0.0001, respectively). c PSS20% of ACS and No-ACS in 
the LowQ group showing no significant difference (P = 0.089). d 
PSS20% of ACS patients in the HighQ group showing significantly 

worse values compared to No-ACS (P = 0.013). Boxes represent 
interquartile range, horizontal lines median, diamonds represent aver-
age, whiskers represent minimum (1%) and maximum (99%) and 
circles represent outliers. Although differences in 2DLS were sta-
tistically significant in a, b and d there was a considerable overlap 
between groups
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image quality before attempting 2DLS analysis. Based on 
our data, even such an algorithm, unfortunately, would prob-
ably not improve sufficiently the usefulness of 2DLS for the 
detection of ACS.

The 2DSPER study included only patients with image 
quality deemed suitable for 2DLS analysis. It is possible 
that with poorer image quality, the impact of image qual-
ity on 2DLS analysis would be greater. High-end machines 
such as the Vivid E95 were not used in this study. We do not 
know whether using high-end machines instead of smaller 
mid-range systems would have significantly improved 2DLS 
performance in the 2DSPER study, but some of the studies 
that had reported a high accuracy of 2DLS for detecting 

ACS used similar systems to those used in the 2DSPER 
study [6, 10].

In conclusion, we found that image quality was not the main 
reason for the negative results in the 2DSPER study, since even 
in the HighQ group abnormal 2D strain could not accurately 
diagnose ACS. Compared to HighQ images, LowQ images 
were associated with worse 2DLS and independently pre-
dicted an abnormal 2DLS. The diagnostic accuracy of 2DLS, 
although somewhat better in the HighQ group, remained dis-
appointingly low. This study does not support the use of 2DLS 
to rule out ACS in patients presenting with CP to the ED, even 
if they have optimal image quality.

Table 4  Unadjusted and 
adjusted logistic regression for 
abnormal 2DLS (PSS20%> 
− 17%)

Bold defines a significant P Value
BMI body mass index, BP blood pressure, CI confidence interval, IVS interventricular septum, OR odds 
ratio, PW posterior wall
C-statistics for adjusted model = 73%; Hosmer & Lemeshow Goodness-of-Fit test P = 0.91. Model signifi-
cance P < 0.0001

Variable Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Male gender 2.16 (1.47–3.17) 0.0001 3.33 (2.13–5.2) < 0.0001
BMI 1.11 (1.06–1.16) < 0.0001 1.07 (1.02–1.13) 0.0035
Smoking 1.48 (0.99–2.20) 0.058 – –
Time from CP 1.03 (1.01–1.06) 0.015 – –
Heart rate 1.03 (1.01–1.05) 0.0013 1.03 (1.01–1.05) 0.0024
Systolic BP 1.02 (1.004–1.03) 0.007 – –
IVS 9.92 (2.98–33.07) 0.0002 – –
PW 20.35 (5.12–80.8) < 0.0001 – –
e′ (mean) 0.84 (0.77–0.92) < 0.0001 0.84 (0.76–0.92) 0.0003
E/e′ (mean) 1.06 (0.99–1.14) 0.0886 – –
ACS diagnosis 1.53 (0.83–2.83) 0.1712 – –
LowQ 2.22 (1.49–3.23) < 0.0001 1.92 (1.25–2.94) 0.0031

Table 5  Diagnostic accuracy 
of abnormal 2DLS (PSS20% > 
− 17%) in ACS by image quality

Bold defines a significant P Value
NPV negative predictive value, PPV positive predictive value
*HighQ versus LowQ

Variable Overall (N = 605) LowQ (N = 428) HighQ (N = 177) P  value*

Sensitivity 60/74 (81%) 41/48 (85%) 19/26 (73%) 0.22
Specificity 140/531 (26%) 82/380 (22%) 58/151 (38%) < 0.0001
PPV 60/451 (13%) 41/339 (12%) 19/112 (17%) 0.19
NPV 140/154 (91%) 82/89 (92%) 58/65 (89%) 0.54
Overall accuracy 200/605 (33%) 123/428 (29%) 77/177 (44%) 0.0004
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