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Abstract

Introduction:Coronary computed tomography angiography (CCTA) is known to have a

high negative predictive value (NPV) in identifying coronary artery disease (CAD). This

study aimed to examine whether resting echocardiographic parameters could exclude

significant CAD on CCTA.

Methods: We recruited 142 patients who had undergone both CCTA and echocar-

diography within a 3-month window. Based on the CCTA findings, patients were

divided into two groups: Group A (non-significant CAD, defined as all coronary

segments having <50% stenosis) and Group B (significant CAD). Resting echocardio-

graphic parameters were compared between the two groups to identify predictors of

non-significant CAD on CCTA.

Results:A total 92 patients (mean age, 68± 13 years;males, 62%)were eligible for this

study; 50 inGroupA and 42 inGroup B. Among the various echo parameters, left atrial

volume index (LAVI) and left ventricular (LV) global longitudinal strain (GLS) were sig-

nificantly lower in Group A (23.5 ± 7.6 vs. 33.6 ± 7.4 mL/m2, p < .001; −20.2 ± 1.8%

vs. −16.8 ± 2.0%, p < .001, respectively). Analysis of the receiver operating char-

acteristic curve revealed that the cutoff value to exclude significant CAD on CCTA

was 29.0 mL/m2 for LAVI (NPV 80.8%) and −18.1% for GLS (NPV 80.7%). The NPV

increased to 95.0% when these parameters were combined (LAVI < 29.0 mL/m2 and

GLS<−18.1%).

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.

© 2023 The Authors. Echocardiography published byWiley Periodicals LLC.

Echocardiography. 2023;40:1251–1258. wileyonlinelibrary.com/journal/echo 1251

https://orcid.org/0009-0000-5419-956X
https://orcid.org/0000-0003-0053-7708
https://orcid.org/0000-0001-5992-8354
https://orcid.org/0000-0003-4593-7158
https://orcid.org/0000-0002-9940-8174
https://orcid.org/0000-0003-2924-3615
https://orcid.org/0000-0001-6621-4325
https://orcid.org/0000-0002-4836-4001
https://orcid.org/0000-0003-2136-2855
mailto:a-yamada@fujita-hu.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/echo
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fecho.15705&domain=pdf&date_stamp=2023-10-19


1252 JINNO ET AL.

Conclusion: The combination of resting LAVI andGLSwas clinically useful in excluding

significant CAD via CCTA.

KEYWORDS

coronary artery disease, coronary computed tomography angiography, global longitudinal strain,
left atrial volume index

1 INTRODUCTION

Coronary computed tomography angiography (CCTA) is a highly rec-

ommended non-invasive anatomical imaging modality for diagnosing

stable coronary artery disease (CAD) and stratifying its prognostic

risk.1 Conversely, resting echocardiographic parameters can predict

CAD. Normal resting left atrial volume index (LAVI < = 28 mL/m2),

which reflects left ventricular (LV) diastolic function, is strongly predic-

tive of a normal stress echocardiogram.2 Nowadays, global longitudi-

nal strain (GLS), derived from two-dimensional (2D) speckle-tracking

echocardiography, is widely used as a more sensitive and predictive

echo index for detecting subclinical LV dysfunction prior to reduc-

tion in LV ejection fraction (LVEF).3 In patients without regional wall

motion abnormality, GLS at rest can detect > 50% coronary stenoses

with a sensitivity of 74% and a specificity of 72%.4 This study aimed

to examine whether resting echocardiographic parameters and their

combinationwere clinically useful in predicting non-significantCADon

CCTA.

2 METHODS

2.1 Study patients

Weexamined all the patients who underwent both CCTA and echocar-

diography within 3 months of each other between October 2018

and August 2021. The purpose of CCTA examination was to rule out

significant CAD in patients with chest pain including atypical symp-

toms or asymptomatic with non-specific ECG findings on preoperative

assessment for non-cardiac surgery. A total of 142 patients remained

after excluding those with atrial fibrillation, paced rhythm, history

of myocardial infarction/CAD, significant valvular heart disease, and

reduced LVEF (<50%).

2.2 Echocardiography/echocardiographic analyses

Conventional 2-dimensional echocardiographic examinations were

performed using Vivid E95 (GE Vingmed Ultrasound, Horten, Norway)

with an M5Sc-D (1.4−4.6 MHz) transducer. Examinations included

measurements of cardiac dimensions, volumes, LVEF, and Doppler

parameters, performed according to the recommendations of the

American Society of Echocardiography (ASE).5,6 Left atrial volume

was measured by the biplane disks method using apical four- and

two-chamber views at the end-systolic frame preceding mitral valve

opening and was indexed to body surface area to derive LAVI.5 GLS

wasmeasured using stored images from apical long axis, four-chamber,

and two-chamber views. All images were obtained at a frame rate of

60−80 frames/s. Three consecutive cardiac cycles were saved in digi-

tal format and the onemost suitable for GLS analysis was analyzed. An

analyst unaware of the angiographic results performed strain analysis

offline using EchoPAC PC (ver. 204, GE Vingmed Ultrasound, Horten,

Norway) with AFI LV. In the apical long-axis view, we defined the aortic

valve closing time, which was also used as a reference value in two-

chamber and four-chamberviews.After adjusting the regionof interest

to include the entiremyocardial layer, we validated the tracking quality

throughout the cardiac cycle.

Cases in which cross-sectional images suitable for GLS measure-

ments could not be obtained were excluded.

2.3 CCTA protocol/analyses

A 320-slice CT (Aquilion ONE, Canon Medical Systems, Otawara,

Japan) was performed in all patients, with a collimation of

320 × 0.5 mm, rotation speed of 275 or 350 ms, scanner settings of

300−580mAdepending on bodyweight, and a voltage of 100−135 kV.

To evaluate coronary artery stenosis, a non-enhanced scan was

performed using a prospectively electrocardiography-triggered scan

protocol, with a detector configuration of 320 × 0.5 mm and a rotation

time of 275 ms.7 For the contrast-enhanced scan, 20.4 mgI/kg/s of

contrast medium was injected for 12 s followed by 20 mL of saline

at 3.0 mL/s. Axial scan was performed with prospective gated scan

in one heartbeat with a heart rate < 65 bpm for half reconstruction

and in two or three beats with a heart rate ≧ 65 bpm for segmental

reconstruction. Before imaging, in patients without contraindications,

oral metoprolol and/or intravenous landiolol (Ono Pharmaceutical Co.,

Ltd., Osaka, Japan) was administered if the heart rate was > 65 bpm.

Nitroglycerin (0.3 mg) was administered to all subjects immediately

before CT imaging. The raw data of the CT scans were reconstructed

using algorithms optimized for electrocardiography-gated reconstruc-

tion and transferred to a computer workstation for post-processing

(ZIOSTATION2, ZIOsoft Inc., Tokyo, Japan). CCTA images were evalu-

ated on axial, coronal, sagittal, cross-sectional, and curved multiplanar

reformation images. Coronary arteries with a diameter greater than

2 mm were evaluated for luminal stenosis. Stenotic lesions were

quantified for lumen diameter stenosis by visual estimation and

graded as normal (absence of plaque and no luminal stenosis), minimal
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TABLE 1 Clinical characteristics.

GroupA (n= 52) Group B (n= 40) p-value

Male, n (%) 24 (46.2) 33 (82.5) <.001

Age (year) 63.0± 14.0 74.3± 7.7 <.001

Weight (kg) 57.4± 11.9 60.6± 9.8 .153

Height (cm) 158.8± 9.1 161.9± 8.6 .075

Bodymass index (kg/m2) 22.6± 3.4 23.1± 3.1 .457

Risk factors

Diabetes, n (%) 10 (19.2) 11 (27.5) .351

Hypertension, n (%) 25 (48.1) 30 (75.0) .008

Dyslipidemia, n (%) 19 (36.5) 17 (42.5) .562

Chronic kidney disease, n (%) 13 (25.0) 13 (32.5) .429

Smoking, n (%) 6 (11.5) 10 (25.0) .092

Systolic blood pressure (mmHg) 139.2± 18.1 148.1± 18.6 .023

Diastolic blood pressure (mmHg) 78.4± 14.3 80.9± 11.8 .412

Heart rate (bpm) 76.4± 14.5 77.9± 15.1 .862

Data are expressed as number (percentage) or mean± standard deviation.

(plaque with < 25% stenosis), mild (25%−49% stenosis), moder-

ate (50%−69% stenosis), severe (70%−99% stenosis), or occluded,

as per the guidelines of the Society of Cardiovascular Computed

Tomography.8 Stenoses of the moderate and higher grades (≥50%)

were defined as significant stenoses. All images were assessed by

two experienced cardiologists who were blinded to each other and

to the clinical data. Diagnosis was made by consensus in case of

disagreement. Based on the CCTA findings, patients were divided into

two groups: Group A (non-significant CAD, defined as all coronary

segments having stenosis < 50%) and Group B (significant CAD).

Resting echocardiographic parameters were compared between the

two groups to exclude significant CAD on CCTA.

2.4 Statistical analysis

JMP Pro software (version 17.0.0, SAS Institute, Cary, North Car-

olina, USA) was used for all statistical analyses. Two-sided p values

< .05 were considered statistically significant. Data are presented

as means ± standard deviations or as frequencies (percentage). The

Shapiro–Wilk testwas used to assess the normality of continuous data,

compared using Student’s unpaired t test for normally distributed vari-

ables orWilcoxon signed rank test for nonparametric data. Categorical

variables were compared using the chi-squared test or Fisher’s exact

test. Receiver operating characteristic (ROC) curve analysis was used

to identify parameters that best predicted the presence of CAD. We

performed multivariate analyses to examine the associations between

CAD and resting echocardiographic parameters selected by ROC anal-

ysis after adjusting the confounding factors associatedwithCADwith a

p-value< .05 on univariate analysis. Nominal logistic analysis was used

for univariate/multivariate analyses.

3 RESULTS

3.1 Clinical characteristics

Among the 142 patients that were included initially, 50 patients were

excluded because of inadequate echo image quality for LAVI and/or

GLS measurements. As a result, a total of 92 patients were eligible for

this study (mean age 68 ± 13 years, 38% female); 52 in Group A and

40 in Group B (Table 1). Group B included a significantly higher per-

centage of males (46.2% vs. 82.5%, p < .001) and patients in Group B

were older than those in Group A (63.0 ± 14.0 vs. 74.3 ± 7.7 years,

p < .001). Hypertensive patients more frequently segregated into

Group B (48.1% vs. 75.0%, p < .001), and systolic blood pressure

was also higher in this group (139.2 ± 18.1 vs. 148.1 ± 18.6 mm

Hg, p < .001). Weight, height, body mass index, diastolic blood pres-

sure, other risk factors, and heart rate did not differ significantly

between the two groups. The median time between the examina-

tions of echocardiography and CCTA was 12 days (interquartile range,

6−22).

3.2 Echocardiographic data

Table 2 shows the 2D echocardiographic data. Indicators related to

myocardial thickness (LV anteroseptal and inferolateral wall thickness,

mass index) were significantly higher in Group B, while LVEF was

slightly higher in Group A (61.2 ± 3.4% vs. 58.8 ± 4.5%, p = .020).

No significant difference was found between groups in terms of LV

end-diastolic volume (72.0 ± 16.0 mL vs. 77.8 ± 23.5 mL, p = .311)

and end-systolic volume (28.0 ± 7.1 mL vs. 32.4 ± 12.0 mL, p = .130).

Furthermore, LAVI was significantly smaller in Group A comparedwith
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TABLE 2 2-dimensional echocardiographic parameters.

Group A (n= 52) Group B (n= 40) p-value

LVIDd (mm) 44.1 ± 4.0 45.1 ± 4.7 .331

LVIDs (mm) 28.8 ± 4.0 30.4 ± 5.0 .142

IVSd (mm) 9.0 ± 1.4 9.6 ± 1.2 .029

LVPWd (mm) 9.1 ± 1.2 9.7 ± 1.1 .014

LAD (mm) 32.5 ± 4.6 34.5 ± 4.3 .019

LVEDV (mL) 72.0 ± 16.0 77.8 ± 23.5 .311

LVESV (mL) 28.0 ± 7.1 32.4 ± 12.0 .130

LVEF (%) 61.2 ± 3.4 58.8 ± 4.5 .020

LAVI (mL/m2) 23.6 ± 7.5 33.9 ± 7.5 <.001

LVMI (g/m2) 84.0 ± 19.1 96.0 ± 23.8 .014

RWT .41 ± .06 .43 ± .07 .127

Note: Data are expressed asmean± standard deviation.

Abbreviations: IVSd, interventricular septal dimension in diastole; LAD, left

atrial dimension in systole; LAVI, left atrial volume index; LVIDd, left ven-

tricular internal dimension diastole; LVEDV, left ventricular end-diastolic

volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular

end-systolic volume; LVIDs, left ventricular internal dimension systole;

LVMI, left ventricular mass index; LVPWd, left ventricular posterior wall

dimension in diastole; RWT, relative wall thickness.

TABLE 3 Doppler echocardiographic parameters and GLS.

Group A

(n= 52)

Group B

(n= 40) p-value

Peak E-wave velocity (cm/s) 64.2 ± 13.8 61.9 ± 14.4 .385

Mitral DT (ms) 215.5 ± 48.2 219.1 ± 49.8 .643

Peak A-wave velocity (cm/s) 71.3 ± 16.5 85.8 ± 17.4 <.001

Mitral E/A ratio .9 ± .3 .7 ± .1 <.001

Septal e’ velocity (cm/s) 6.9 ± 1.8 5.6 ± 1.5 <.001

Septal a’ velocity (cm/s) 9.6 ± 2.3 9.6 ± 2.1 .944

Septal s’ velocity (cm/s) 7.7 ± 1.4 7.0 ± 1.6 .019

Lateral e’ velocity (cm/s) 9.8 ± 2.7 7.5 ± 2.0 <.001

Lateral a’ velocity (cm/s) 11.2 ± 2.2 10.5 ± 2.6 .076

Lateral s’ velocity (cm/s) 9.9 ± 2.2 8.7 ± 2.1 .008

Average E/e’ 8.1 ± 2.6 9.9 ± 3.0 .004

GLS (%) −20.1 ± 1.8 −16.8 ± 2.1 <.001

Note: Data are expressed asmean± standard deviation.

Abbreviations: DT, deceleration time; GLS, global longitudinal strain.

Group B (23.6 ± 7.5 mL/m2 vs. 33.9 ± 7.5 mL/m2, p < .001). Doppler

echocardiographic data and GLS are shown in Table 3. Significant dif-

ferences were observed in various indices used to assess LV diastolic

function. Among them, GLS was significantly more preserved in Group

A than in Group B (−20.1± 1.8% vs.−16.8± 2.1%, p< .001).

3.3 ROC analysis and the diagnosis of significant
stenosis of coronary arteries

Figure 1 and Table 4 show the results of ROC analysis for detecting

significant coronary artery stenosis. Among the single echo parame-

F IGURE 1 ROC curve analysis for the detection of CADROC
curve analysis for predicting significant stenosis of coronary arteries.
AUC, area under the curve; CAD, coronary artery disease; GLS, global
longitudinal strain; LAVI, left atrial volume index; ROC, receiver
operating characteristic.

ters with a significant difference, GLS showed the highest area under

the curve (AUC) followed by LAVI. Nevertheless, when GLS and LAVI

were combined, it provided superior diagnostic performance for the

detection of CAD with even higher AUC (.97, p < .001). Each sin-

gle cutoff value for predicting significant coronary artery stenosis

was −18.1% of GLS (negative predictive value [NPV] 82.5%) and

29.0 mL/m2 of LAVI (NPV 82.7%). When these parameters were com-

bined (LAVI < 29.0 mL/m2 and GLS < −18.1%), the NPV increased to

97.5%. Combining LAVI and GLS, the NPV almost becomes equivalent

to CCTA. Thus, echo can potentially substitute CCTA as an alternative.

Of the 40 cases with LAVI ≤ 29.0 mL/m2 and GLS ≤ −18.1%, 39 had

normal coronary arteries. In one solitary case, the distal left circumflex

artery was stenosed by 50%−69% (Figure 2).

3.4 Univariate/multivariate analyses to examine
associations between LAVI/GLS and significant CAD
on CCTA

Univariate analyses detected that sex, age, and hypertension showed

significant associations with CAD with p < .05 among clinical charac-

teristics (Table 5).Onmultivariate analyses to examine the associations

between CAD and LAVI/GLS, both of them demonstrated significant

correlations with CAD even after adjusting those confounding factors

detected by univariate analyses (Table 6).

4 DISCUSSION

Our findings demonstrated that while either smaller LAVI

(<29.0 mL/m2) or preserved GLS (<−18.1%) at rest was a
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TABLE 4 Predictive characteristics of clinical and echocardiographic variables for the detection of CAD.

AUC p-value Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Age .75 <.001 64.0 years 92.5 50.0 58.7 89.7

Systolic blood pressure .64 .027 147.0mmHg 57.5 73.1 62.2 69.1

IVSd .63 .038 9.0mm 85.0 36.5 50.7 76.0

LVPWd .64 .016 9.0mm 92.5 34.6 52.1 85.7

LAD .64 .037 31.0mm 85.0 28.5 51.5 76.9

LVEF .64 .007 55.0% 25.0 98.1 90.9 63.0

LVMI .65 .012 90.0 g/m2 60.0 69.2 60.0 69.2

Peak A-wave velocity .72 .001 77.0 cm/s 77.5 60.8 60.8 77.5

Mitral E/A ratio .80 <.001 .84 92.5 58.8 63.8 90.9

Septal e’ velocity .72 .001 5.29 cm/s 52.5 84.6 72.4 69.8

Septal s’ velocity .64 .039 6.87 cm/s 60.0 71.2 61.5 69.8

Lateral e’ velocity .75 <.001 8.19 cm/s 70.0 68.6 63.6 74.5

Lateral s’ velocity .66 .016 7.68 cm/s 40.0 92.3 80.0 66.7

Average E/e’ .68 .008 8.64 65.0 66.7 60.5 70.8

LAVI .84 <.001 29.0mL/m2 77.5 82.7 77.5 82.7

GLS .90 <.001 −18.1% 75.0 90.4 85.7 82.5

Abbreviations: AUC, area under the curve; GLS, global longitudinal strain; IVSd, interventricular septal dimension in diastole; LAD, left atrial dimension in sys-

tole; LAVI, left atrial volume index; LVEF, left ventricular ejection fraction; LVPWd, left ventricular posterior wall dimension in diastole; LVMI, left ventricular

mass index; NPV, negative predictive value; PPV, positive predictive value.

F IGURE 2 Distribution of LAVI and GLSmeasurements. The
distribution of LAVI and GLS. The lines are cut-off values obtained by
ROC curve analysis. Blue dots indicate cases with no significant
coronary artery stenosis and red dots indicate CAD cases. CAD,
coronary artery disease; GLS, global longitudinal strain; LAVI, left
atrial volume index; ROC, receiver operating characteristic.

clinically useful predictor of non-significant CAD on CCTA, com-

bination of LAVI and GLS was more powerful and almost equivalent to

CCTA in ruling out significant CAD.

Noninvasive cardiac imaging is now essential for the diagnosis and

management of patients with known or suspected CAD. CCTA has

become one of the key modalities for CAD. According to a multicenter

TABLE 5 Univariate analysis of the association between
significant CAD on CCTA and clinical characteristics.

β 95%CI p-value

Male, n (%) .85 .28, 1.37 <.001

Age (year) .10 .05, .15 <.001

Bodymass index (kg/m2) .05 −.08, .18 .490

Diabetes, n (%) −.23 −.73, .26 .351

Hypertension, n (%) −.59 −1.05, .15 .010

Dyslipidemia, n (%) −.13 −.55, .30 .562

Chronic kidney disease, n (%) −.18 −.64, .27 .429

Smoking, n (%) −.47 −1.05, .08 .098

Heart rate (bpm) .01 −.02, .04 .637

Note: Data are expressed as number (percentage) or mean ± standard

deviation.

Abbreviation: CI, confidence interval.

study examining the accuracyof 64-row, .5mmCCTA, itwas possible to

identify 50% coronary stenoses in patients with suspected CAD with

a sensitivity of 85% and specificity of 90%.9 Conversely, CCTA pro-

vides excellentNPV in ruling out significant coronary artery stenosis.10

In patients with intermediate modified pre-test probability of CAD,

CCTA can rule out its possibility with an NPV of 99%,11 which is asso-

ciated with significantly improved prognosis compared with > 50%

coronary artery stenosis in≥one proximal segment.12 Moreover, coro-

nary computed tomography is not only able to visualize and precisely

quantify epicardial adipose tissue, but also assess the coronary arteries
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TABLE 6 Multivariate analysis of the association between
significant CAD on CCTA and resting echocardiographic parameters.

Β 95%CI p value

LAVI .14 .06, .23 .001

GLS 1.12 .62, 1.83 <.001

Abbreviations: CI, confidence interval; GLS, global longitudinal strain; LAVI,

left atrial volume index.

and pericoronary adipose tissue, inflammation of which has been asso-

ciated with CAD and major cardiovascular events.13 However, CCTA

cannot be applied to patientswith renal dysfunction or allergies to con-

trast agents. Furthermore, the risk of radiation exposure may induce

breast and lung cancer in younger patients.14 Additionally, CCTA is not

suitable for patients with severe coronary calcification.

In contrast, stress echocardiography (SE) is a widely performed

non-invasive imaging test that can substitute CCTA. It is simpler,

radiation-free, and more applicable to patients with renal dysfunction.

A study comparing SE and CCTA in low-risk patients with suspected

stable angina showed that initial SE-guided management was similar

to CCTA management for detecting obstructive CAD and demon-

strated better resource utilization.15 However, recording acceptable

echo images is challenging in a proportion of patients. Additionally,

interpretationof SEhighlydependson theexaminers’ skills, causing the

sensitivity and specificity of this method to vary across different cen-

ters. Besides CCTA and SE, nuclear cardiology and cardiac magnetic

resonance also play important roles for the diagnosis and manage-

ment of patients with CAD. If a patient is suspected of having CAD,

the appropriate test should be selected, considering the pros and cons

of each noninvasive cardiac imaging technique.16 Yet, rest echocardio-

graphy is the imaging modality to be performed prior to these tests.

Although it is considered to have lower diagnostic capabilities for

CAD compared with other imaging tests, combining multiple resting

echocardiographic parameters has thepotential to significantly predict

concomitant CAD.

The normal upper limit for 2D echocardiographic LAVI is 34 mL/m2

for both genders, according to the ASE guideline.5 Its value is also used

to determine LV diastolic dysfunction. LA volume is known to reflect

the cumulative effects of increased LV filling pressure and LA pres-

sure over time, and increased LA volume is an independent predictor

of cardiac events, including death, heart failure, atrial fibrillation, and

ischemic stroke.17 Although several other echo parameters reflect LV

diastolic function, LAVI was the second-best parameter after GLS to

rule out CAD in our study. This may be because Doppler parameters

reflect real-timehemodynamicswhereas LAVI reflects LVdiastolic dys-

function over a longer duration. In addition, Doppler parameters are

more prone to change with age whereas LAVI is relatively more inde-

pendent of age and does not differ between genders.18 In our study,

a LAVI cutoff of 29 mL/m2 was predictive of non-significant CAD on

CCTA with a sensitivity of 77.5%, specificity of 82.7%, positive pre-

dictive value of 77.5%, and NPV of 82.7%. In their study, Alsaileek

et al. reported that LAVI ≤ 28 mL/m2at rest indicated negative stress

echocardiography evenwithout stress for the diagnosis of CAD.2

GLS allows objective quantitative analysis of the complete longitu-

dinalmyocardial deformation of the left ventricle throughout the heart

cycle and is excellent for detecting microscopic myocardial damage.

Strain imaging has been shown to detect subtle systolic dysfunction

more sensitively than LVEF,19,20 presumably due to the compensation

of early longitudinal dysfunction by the augmentation of other strain

components. This allows the LV to maintain an EF within the nor-

mal range.21 GLS has proven to be a valuable clinical tool to assess

various cardiac diseases, such as valvular disease, hypertrophic car-

diomyopathy, myocardial infarction, heart failure with preserved LVEF,

and amyloidosis, and to manage chemotherapy. GLS is also a prognos-

tic factor in various heart diseases. The LV myocardium has a complex

three-layer architecture comprising circumferential fibers in the mid-

wall layer and longitudinal fibers in the endocardial and epicardial

layers. Some acquired heart diseases, including CAD, often originate in

the endocardium and its fibers. Therefore, GLS, which is closely related

to the longitudinal function of the subendocardium and ismost suscep-

tible to ischemia, may sensitively detect subtle abnormalities observed

in the early stages of myocardial ischemia.22 GLS is a far more sensi-

tive tool to discriminate between patients with or without CAD. 2D

speckle-tracking echocardiography-derivedGLS is a standardized indi-

cator with low measurement error and reproducibility.23 Moreover,

beginners can easily learn how to measure GLS by measuring it in 50

cases.24

According to the ASE guidelines, peak GLS is considered normal if it

is approximately around−20% in healthy persons. The lower the abso-

lute value of strain, the more likely it is to be abnormal.5 A systematic

review andmeta-analysis of several caseswith normal LVEFs or normal

wall motion showed that the mean value of GLS for patients with CAD

was −16.5% (95% confidence interval, −15.8%–17.3%).4 In addition,

the optimal cutoff value of mid- and basal-peak systolic longitudinal

strain to detect high-risk CAD (left main or three-vessel) was −17.9%

(sensitivity 78.9%, specificity 79.3%).25 The cutoff value of GLS in our

study (−18.1%) was remarkably close to the previously reported cut-

off values and could predict non-significant CAD on CCTA (sensitivity

75.0%, specificity 90.4%, PPV 85.7%, andNPV 82.5%) (Figure 2).

LAVI and GLS have been individually reported to be useful indica-

tors in diagnosing CAD, but NPV of significant CAD of each parameter

alone cannot exceed that of CCTA, and the predictive power of their

combination is unreported yet. Since LAVI is themost stable indexof LV

diastolic function and GLS is superior in detecting subclinical myocar-

dial dysfunction, the outcome that their combination further improves

the NPV of CAD is reasonable. Echocardiography is a non-invasive

examination and applies to almost all patients. CCTA and/or coronary

angiography (CAG) are still requiredwhenadefinitivediagnosis ofCAD

needs to be made. If there is a strong clinical indication for CCTA or

CAG for chest pain syndrome, then a normal LAVI or GLS should not

exclude the patient from proceeding with these investigations. How-

ever, our studyhas shown that the combinationof normal LAVI andGLS

may be used to rule out significant CAD with high confidence to avoid

unnecessary testing when CCTA and/or CAG are relatively contraindi-

cated in cases suchas contrast allergy, renal impairment, and thosewho

needs tominimize radiation exposure.
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4.1 Limitations

First, this study was conducted at a single center and the number

of patients was relatively limited. Further prospective studies with

larger cohorts will be needed to confirm our findings. Second, patients

with atrial fibrillation, atrial flutter, or significant valvular abnormali-

ties were excluded. In these patients, LA dilatation is commonly seen

regardless of the LV filling pressure. Third, although abnormal GLS

has good predictive power to detect CAD, some patients suffer from

myocardial ischemia without abnormal GLS. This is one of the reasons

for the moderate sensitivity of GLS. The ischemic burden of patients

also varies. Indeed, patients with multivessel disease tend to have

reduced GLS compared with those with single-vessel or no CAD.26,27

GLS in thedetectionof ischemiamayalsobe influencedby thepresence

of well-developed collateral vessels. In dogs that have been exposed

to repeated cardiac ischemia over a long duration, preservation of

ventricular systolic function was correlated with the presence of well-

developed collateral circulation.28 The impact of collateral flows on

GLS, therefore, cannot be ignored, particularly in the context of chronic

ischemia.4 Finally, reduction in GLS may be attributed to high blood

pressure. Studies have confirmed that even when contractile function

is preserved, strain decreases with increasing afterload.29 In our study,

although the mean difference in systolic blood pressure was less than

10mmHg, it may affect the results to some extent.

5 CONCLUSIONS

The combinationof resting LAVI andGLSwas clinically useful in exclud-

ing prognostically significant CAD. Normal LAVI with normal GLS at

rest was strongly predictive of excluding significant CAD even without

a stress test. These two parameters can easily be incorporated in daily

routine echocardiography, and combining themoffers an alternative to

CCTAwhen it is contraindicated.
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