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Abstract. The aim of the present study was to investi-
gate the incremental value of resting three-dimensional 
speckle-tracking echocardiography (3D-STE) in the detection 
of early‑stage left ventricular dysfunction in patients with coro-
nary artery disease (CAD). A total of 110 patients suspected of 
having CAD were recruited. All patients underwent 3D‑STE 
and coronary artery angiography (CAG). They were divided to 
a CAD group and a normal group according to the results of 
CAG. Using 3D‑STE software, the peak values of longitudinal 
strain (LS), circumferential strain (CS), radial strain (RS) and 
area strain (AS) and the time to peak value of these strains 
(T‑LS, T‑CS, T‑RS and T‑AS) were measured. A receiver 
operator characteristic curve (ROC) was used to analyze the 
sensitivity of these strains for the diagnosis of CAD. ROC 
analysis indicated that T‑LS and composite indices combining 
the peak strain value and time to peak of LS, CS and AS have 
diagnostic value for the early detection of CAD; the area under 
the curve (AUC) values were 0.667, 0.692, 0.621 and 0.672 
respectively (P<0.005). The composite index of longitudinal 
strain demonstrated the highest diagnostic value for CAD with 
62% sensitivity and 76% specificity. These results indicate that 
3D-STE has incremental value for the diagnosis of CAD in 
patients at rest.

Introduction

Coronary artery disease (CAD) is the most common cardio-
vascular disease, and its incidence increases in the elderly (1). 
Early detection and intervention for left ventricular (LV) 
dysfunction are of great importance in patients with CAD (2). 
Echocardiography is noninvasive, inexpensive and convenient. 
The detection of patients with CAD by this method is likely to 
improve the benefit‑risk ratio in patients.

During recent years, strain and strain rate imaging echo-
cardiography have emerged as valuable tools that provide 
a comprehensive and reliable assessment of myocardial 
function (3‑5). Studies have suggested that two‑dimensional 
speckle‑tracking echocardiography (2D‑STE) can be used 
to assess LV systolic dysfunction  (6,7). However, 2D‑STE 
has intrinsic limitations, such as long examination times, a 
geometric assumption of LV morphology, and mistracking if 
speckles move out of the scanning plane (8,9).

However, three‑dimensional speckle‑tracking echocar-
diography (3D‑STE) is free of geometric assumptions and 
speckles moving out of the scanning plane. In addition, 3D‑STE 
is less time‑consuming than conventional 2D‑STE (10,11). It 
provides an accurate and convenient assessment of LV func-
tion (12) and has been shown to be useful in the detection of 
subclinical LV dysfunction in patients with early‑stage heart 
failure (13) and hypertension (14). In the present study, the aim 
was to investigate the incremental value of resting 3D‑STE in 
the detection of LV dysfunction in patients with CAD and to 
identify sensitive indicators for the detection of CAD.

Patients and methods

Study population. The study evaluated 110 patients (68 males; 
age, 63±9 years) who were suspected of having CAD and 
who were referred for coronary artery angiography (CAG) 
at Beijing Hospital (Beijing, China) between June 2010 and 
August 2012. The mean height of the patients was 166.4±7.8 cm 
and the body weight was 72.7±10.2 kg. The exclusion criteria 
were arrhythmia, a history of myocardial infarction and 
percutaneous coronary intervention (PCI), heart failure, 
cardiomyopathy, valvular heart diseases, congenital heart 
disease and poor 3D image quality. The present study was 
approved by the Ethics Committees of Beijing Hospital of the 
Ministry of Health (Beijing, China). All of the patients in the 
study signed an informed consent form.

Echocardiographic image acquisition and analyses. 
Echocardiographic data were acquired with a Artida 
SSH‑880A ultrasound system (Toshiba, Nasu, Japan), which 
was equipped with a 2D transducer (frequency, 1‑5 MHz), 3D 
volume transducer, 3D speckle‑tracking analysis software 
and a background processing workstation. Firstly, general 2D 
ultrasonic detectors were used to collect images of the para-
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sternal long axis, short axis and apical four‑chamber view. 
During the inspection, all patients were connected to timing 
ECG, and maintained in the left lateral decubitus position. 
Secondly, following conversion to the 3D volume transducer 
with an apical four‑chamber view, the pre‑4D mode was 
selected to obtain a clear image of the LV endocardium. 
Then, as the full‑4D mode was entered, the patient was asked 
to hold their breath at the end of expiration. The imaging 
angle was maintained at (70‑80˚)x(70‑80˚) and cardiac 3‑D 
images in the form of full‑4D dynamic images were collected 
and stored.

The stored dynamic cardiac images were extracted in the 
off‑line state. This involved entering ‘3DT (three‑dimensional 
speckle tracking) mode’, adjusting the baseline and angle, 
clearly displaying the image of the endocardium, mitral 
annulus and apex, and speckle assignment on plane A and 
plane B separately. The instrument then speckle‑tracked 
automatically when the ‘start’ button was pressed. The curve 
of the endocardium was drawn (in chart 1), and the software 
analyzed the data and calculated the peak value strains [longi-
tudinal strain (LS), circumferential strain (CS), radial strain 
(RS) and area strain (AS) of 16 sections of the left ventricle 
and the time to peak value of the strains.

Observational indices. Strain values and the time to peak value 
of the strain for 16 local myocardial segments from the 3D‑STI 
were observed. The strain values were RS, CS, LS and AS. The 
time to peak values for the strains were time to peak radial strain 
(T‑RS), time to peak circumferential strain (T‑CS), time to peak 
longitudinal strain (T‑LS) and time to peak area strain (T‑AS).

Statistical analysis. The observation indices were numerical 
variable data. After establishing the database, with the use 
of Excel (Microsoft Corporation, Redmond, WA, USA) and 
SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA), binary 
logistic regression analysis and receiver operator character-
istic curves (ROCs) were used to analyze the sensitivity of the 
strains for the diagnosis of the CAD. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Results of CAG. According to the CAG results, of the 110 patients 
enrolled, 68 exhibited CAD (levels 1-4), which were assigned to 
the CAD group. The other patients (level 0) were designated the 
non‑CAD group (Table I).

3D‑STI evaluation of LV local function in different graded 
stenoses of coronary arteries. Generally, it was observed that 
the peak value of strain of local segments of the left ventricle 
decreased as the stenosis degree of the supplied vessel 
increased, that is, the higher the degree of stenosis the lower 
the peak value. When considering the time to the peak value of 
strain, the inverse relationship was observed, that is, the higher 
the degree of stenosis the longer the time to the peak value. In 
addition, these relationships were most evident at the highest 
graded degree of stenosis.

For example, the peak value of AS of certain segments 
supplied by the left circumflex (LCX) artery exhibited a 
reduction in differently graded coronary stenosis groups. The 

higher the grade of stenosis the lower the peak value of AS 
(Fig. 1). In addition, the T‑LS of certain segments supplied 
by the left anterior descending artery ascended in differently 
graded coronary stenosis groups (Fig. 2).

ROC curve and sensitive indicators. ROC curves were used 
to analyze the peak value and the time to peak value of the 
strains that were measured by 3D‑STE, in order to investigate 
whether 3D‑STE has value for the early detection of CAD and 
to identify sensitive indicators.

In this study, three kinds of ROC were generated. One 
was for the peak strains RS, CS, LS and AS (Fig. 3), one was 
for the time to the peak strain, which comprised T‑RS, T‑CS, 
T‑LS and T‑AS (Fig. 4), and the third was for the composite 
index. The composite indices were designated RS1, CS1, LS1 
and AS1 (Fig. 5), which were combinations of the peak strain 
value and time to peak of the RS, CS, LS and AS, respec-
tively. Through the ROC analysis, an area under the curve 
(AUC) was determined for each index.

Analysis of the ROC curves and AUCs, revealed that each 
individual peak value of strain, namely RS, CS, LS and AS, had 
no diagnostic value for the early detection of CAD (P>0.05). 
Only T‑LS had statistical significance in the diagnosis of CAD 
(P=0.003, AUC=0.667). However, the composite index of 

Table I. Results of CAG of 110 patients with suspected CAD.

	 Level
	 ----------------------------------------------------------------------------	 Total
Artery	 0	 1	 2	 3	 4	 count

LAD	 23	 19	 17	 47	 4	 87
LCX	 51	 11	 13	 27	 8	 59
RCA	 43	 20	 16	 25	 6	 67

Level 0, coronary stenosis 0%, diagnosed with normal coronary 
artery; Level 1, 0%< coronary stenosis rate ≤25%, diagnosed as 
coronary microstenosis; Level 2, 25%< coronary stenosis rate ≤50%, 
diagnosed with coronary artery stenosis; Level 3, 50%< coronary 
stenosis rate ≤75%, diagnosed with moderate stenosis; Level 4, coro-
nary stenosis rate >75%, diagnosed with coronary artery stenosis. 
CAG, coronary angiography; CAD, coronary artery disease; LAD, 
left anterior descending; LCX, left circumflex; RCA, right coronary.

Table II. Sensitivity and specificity of the sensitive indicators.

Sensitive		  Sensitivity	 Specificity
indicators	 AUC	 %	 %

LS1	 0.692	 61.8	 76.2
AS1	 0.672	 75.0	 61.9
T‑LS	 0.667	 48.5	 83.3
CS1	 0.621	 86.8	 42.9

LS1, composite of peak value and time to peak of longitudinal strain; 
AS1, composite of peak value and time to peak of area strain; T-LS, 
time to peak longitudinal strain; CS1, composite of peak value and 
time to peak of circumferential strain; AUC, area under the curve.
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peak strain and time to peak strain had significantly higher 
sensitivity for the detection of CAD. The AUC of CS1 was 
0.621 (P=0.034), of LS1 was 0.692 (P=0.001) and of AS1 was 
0.672 (P=0.003). This suggests that resting 3D‑STE had value 
for the early detection of CAD, and the sensitive indicators 
were T‑LS, CS1, LS1 and AS1. In addition, the AUC decreases 
in the order LS1 > AS1 > T‑LS > CS1 (Table II), which means 
that LS1 has the highest diagnostic value for CAD.

In summary, it may be concluded that the T‑LS and the 
composite indices that combine peak value and time to peak 
of the longitudinal, circumferential and area strains have 
diagnostic value for CAD. The AUCs are 0.667, 0.692, 0.621 
and 0.672, respectively (P<0.005). LS1 had the best diagnostic 
value for the CAD and was found to have 62% sensitivity and 
76% specificity for the detection of CAD. However, the peak 
values of LS, C–S, RS and AS and the T‑CS, T‑RS and T‑AS 
were not identified to be of diagnostic value for CAD.

Excellent diagnostic value and individual prediction. 
Through the analysis of the ROC of LS1, it was determined 
that the maximum Youden index was 0.38 and the excellent 
diagnostic probability value (Pexce) of the LS1 was Pexce=0.615. 
Pexce is an ROC‑derived statistical index that indicates the 
likelihood of a positive diagnosis. In the excellent diagnostic 
value, the sensitivity and the specificity were 61.8% and 
76.2% respectively.

For individual prediction, the individual prediction prob-
ability (Pindi) may be determined and compared with the Pexce. 

Figure 1. Comparison of the peak value of area strain in different graded 
stenosis groups of the left circumflex artery. BP, basal posterior; BL, basal 
lateral; MP, mid posterior; ML, mid lateral; AL, apical lateral.

Figure 2. Comparison of time to peak longitudinal strain in different graded 
stenosis groups of the left anterior descending artery. BA, basal anterior; 
BAS, basal anteroseptal; MA, mid anterior; MAS, mid anteroseptal; AA, 
apical anterior; AS, apical septal.

Figure 4. ROC curve of T‑RS, T‑CS, T‑LS and T‑AS. Diagonal segments are 
produced by ties. ROC, receiver operator characteristic; T-RS, time to peak 
radial strain; T-CS, time to peak circumferential strain; T-LS, time to peak 
longitudinal strain; T-AS, time to peak area strain.

Figure 5. ROC curve of RS1, CS1, LS1 and AS1. RS1, composite of peak 
value and time to peak of radial strain; CS1, composite of peak value and 
time to peak of circumferential strain; LS1, composite of peak value and 
time to peak of longitudinal strain; AS1, composite of peak value and time 
to peak of area strain.

Figure 3. ROC curve of the peak values of RS, CS, LS and AS. Diagonal seg-
ments are produced by ties. ROC, receiver operator characteristic; RS, radial 
strain; CS, circumferential strain; LS, longitudinal strain; AS, area strain.
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Pindi is a probability value that can be used to predict whether 
the individual patient is likely to have the disease or not, and 
can be compared with Pexce. When the Pindi is greater, a positive 
individual judgment can be made, which is that the patient 
can be diagnosed with CHD. For calculating Pindi of LS1, 
this study established a binary logistic regression equation 
through logistic regression analysis, as follows: Pindi=1/[1+e− 

(−1.513+0.1x(LS‑peak value)+0.009x(LS‑time to peak value))]. Therefore, when the 
3D‑STE for the patient was completed, the peak value and the 
time to peak value of LS were obtained by the analysis soft-
ware, and Pindi was calculated. Finally, through the comparison 
of Pindi with Pexce, an early decision of whether the patient has 
CHD or not could be made.

Discussion

Speckle‑tracking strain imaging has been demonstrated to be an 
appropriate method for the examination of global and regional 
LV functional properties (15,16), which was confirmed in the 
present study. In this study, it was found that changes in the peak 
value and time to peak value of certain strains accorded with the 
physiological characteristics of the left ventricle.

Secondly, through the ROC analysis of each parameter 
measured by 3D‑STE, certain sensitive indicators for the 
detection of CAD by 3D‑STE were identified. These were 
T‑LS and the composite indices LS1, AS1 and CS1. Among 
them, LS1 had the highest diagnostic value for CAD, with an 
AUC of 0.692. With regard to excellent diagnostic value, the 
sensitivity and specificity were 61.8 and 76.2%, respectively.

By convention, myocardial deformation is divided into 
three directions  (17). LS and CS are considered to reflect 
the contraction of longitudinally arranged endocardial fibers 
and circumferentially arranged midlayer fibers, respectively. 
In general, the longitudinally arranged subendocardial fibers 
are more vulnerable due to their direct exposure to the 
intraventricular blood pressure and the anatomy of the coro-
nary circulation (18,19). As a result, longitudinal function is 
impaired first in many diseases, including CAD.

Severe CAD is known to lead to LV dysfunction. However, 
the LV ejection fraction is usually normal at a relatively early 
stage, particularly at the rest status (20). Thus, establishing a 
more sensitive index for early‑stage LV dysfunction is of great 
importance. In the present study, it was demonstrated that 
resting 3D‑STE had incremental value for the prompt detection 
of coronary lesions and a logistic regression equation was estab-
lished. Therefore, in the clinic, if the peak value and the time 
to peak value of LS are obtained through 3D‑STE, it should 
be possible to make a preliminary judgment as to whether the 
patient has CHD or not. This provides more information when 
making decisions about CAG surgery.

In the present study, it was confirmed that the resting 
3D‑STE had certain incremental value in the detection of CAD, 
but the sensitivity and specificity were not high enough. Future 
studies of stress echocardiography are planned, which aim to 
improve the sensitivity. In addition, an evaluation model may be 
established through the addition of risk factors such as hyper-
tension, diabetes, smoking and hyperlipidemia.

In conclusion, 3D‑STE has incremental value for the diag-
nosis of CAD in patients at rest. LS1 has the highest sensitivity of 

61.8% for the early detection of CAD. 3D‑STE has the potential 
to improve the value of echocardiography in the detection of the 
CAD and to provide more information for clinical physicians.
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