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Abstract

The purpose of this study was to assess the properties of left ventricular myocardial deformation in patients with coronary
artery disease (CAD) with various degrees of coronary lesions.

Methods and Results: The study included 74 patients with stable angina pectoris Class I1I-IV aged between 40 and 70 years.
All patients underwent the following examinations: assessment of traditional risk factors, physical examination, general clinical
and laboratory blood tests, 12-lead ECG, 24-hour ABPM, transthoracic echocardiography, two-dimensional speckle tracking
echocardiography (STE), and coronary angiography (CAG). The SYNTAX score was calculated retrospectively according to
the SYNTAX score algorithm. All patients were divided into 3 groups: Group 1 included 21 patients with a low SYNTAX score
(0-22), for whom standard drug therapy was recommended; Group 2 included 28 patients with an intermediate SYNTAX score
(23-32), to whom PCI was recommended; Group 3 included 25 patients with a high SYNTAX score (=33), to whom CABG was
recommended.

Left ventricular ejection fraction (LVEF) obtained using the modified biplane Simpson’s method was significantly lower in
Group 3 than in Groups 1 and 2 (P=0.001); it should be noted that this indicator was within the normative values in Groups 1 and
2, and belonged to the gradation “mild dysfunction.” A more objective quantitative assessment of the contractile function of the LV
myocardium was obtained by assessing the GLS and SR. The comparative analysis of the LV myocardial deformation properties
in the three studied groups showed that in Group 3 the GLS and SR indicators were significantly lower than in Group 1 (P=0.000
and P=0.0020). Moreover, GLS (global longitudinal strain) and SR (strain rate) were significantly higher in Group 1 than in Group
2 (P=0.0001 and P=0.0133, respectively). GLS significantly correlated with LVEF (r=0.57; P<0.05), E/A (r=0.22; P<0.05), and
SYNTAX score (r=-0.63; P<0.05). SR significantly correlated with LVEF (r=0.49; P<0.05) and SYNTAX score (r=-0.37; P<0.05)

Conclusion: The results obtained indicate the diagnostic value of STE with the determination of GLS and SR in a
comprehensive assessment of the severity of CAD. GLS and SR significantly correlate with the clinical course of the disease, as
well as indicators of LV remodeling and LV diastolic dysfunction. STE analysis of GLS and SR has incremental diagnostic value
over transthoracic echocardiography in predicting significant CAD.(International Journal of Biomedicine. 2021;11(2):131-136.)
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Introduction

Coronary artery disease (CAD), being the main clinical
manifestation of atherosclerosis, for many years has remained
one of the main causes of death in economically developed
countries. According to the WHO, about 17 million people die
from heart disease every year, 7.2 million of them from CAD.

The study of the functional capacity of the myocardium
in CAD is an important task from a prognostic point of
view, and echocardiography has become the leading method
of its study. Conventional echocardiography is a reliable
method for analyzing regional contractility and global heart
function. However, it has a number of limitations. The most
common measure of LV systolic function, the left ventricular
ejection fraction (LVEF), evaluates changes in LV chamber
volume during the cardiac cycle without directly measuring
myocardial muscle contraction, and thus cannot detect early
contractile dysfunction. In addition, the reliability of LVEF
depends on image quality and in particular the ability to
visualize the endocardial border. In contrast, speckle tracking
echocardiography (STE) is a promising modern technique for
assessing structural and functional changes in the myocardium.

A common standard for STE is provided by a consensus
document of the EACVI/ASE/Industry Task Force.!" LV peak
global longitudinal strain (GLS), a measure of myocardial
deformation, directly measures the amount of myocardial
longitudinal shortening and can detect subclinical myocardial
dysfunction.” LV peak global longitudinal strain rate (SR),
which assesses rate of change in strain, is another robust
measure of LV systolic function.®

The reported normal mean values of GLS among the
studies varied from -15.80% to -23.40% (mean -19.05%; 95%
CI: -18.18% to -19.93%; P> = 99.0%)“; normal mean values of
SR varied from -1.30 to -2.40 sec(-1) (mean, -1.88 sec(-1); 95%
CI: -2.10 to -1.59 sec(-1))®. Recent studies have reported that
LV GLS is a more sensitive measure of myocardial dysfunction
and is more reproducible than LVEF. Additionally, it is a more
powerful predictor of outcomes in patients with heart failure
with a reduced LVEFE.®” Previous studies have shown that
GLS may both diagnose and exclude acute CAD better than
LVEE. In addition, GLS has better intra- and inter-observer
reproducibility in post hoc analysis than LVEF.®!!-19

Lacalzada et al." found that GLS measured immediately
after primary percutaneous coronary intervention is an excellent
predictor of adverse LV remodeling and cardiac events in
patients with acute myocardial infarction. Geyer et al.('y
summarized the recent developments in STE, a relatively
new technique that can be used in conjunction with two-
dimensional or three-dimensional echocardiography for
resolving the multidirectional components of LV deformation.

The purpose of this study was to assess the properties
of LV myocardial deformation in patients with CAD with
various degrees of coronary lesions.

Material and Methods

The study included 74 patients with stable angina
pectoris Class II-IV (Canadian Cardiovascular Society

Classification) aged between 40 and 70 years. The study
protocol was reviewed and approved by the Ethics Committee
of the Republican Specialized Centre of Cardiology. All
participants provided the written informed consent.

Diagnosis of stable angina pectoris was performed
according to the European Guidelines on the management of
stable angina pectoris.'® Exclusion criteria were history of
myocardial infarction within previous 3 months, hypertension
Grades 2-3 (ESC/ESH,2018), valvular heart disease, acute
coronary syndrome, chronic heart failure (NYHA FC>III),
cardiac arrhythmia, renal impairment, severe co-morbidities,
orthostatic hypotension.

Pharmacological therapy included aspirin 75 mg daily
in all patients without specific contraindications, clopidogrel
as an alternative antiplatelet agent in patients who cannot take
aspirin, statin therapy, ACE-inhibitor, beta-blockers.

All patients underwent the following examinations:
assessment of traditional risk factors, physical examination,
general clinical and laboratory blood tests, 12-lead ECG, 24-
hour ABPM, echocardiography, and CAG.

Transthoracic echocardiography (TTE)

Conventional 2D echocardiography was carried out
according to the recommendations of the American Society
of Echocardiography and the European Association of
Cardiovascular Imaging"” in M- and B-modes using an
ACUSON X700 ultrasound machine equipped with a 1.0-4.0
MHz transducer (SIEMENS, Germany). The LV volumes and
LVEF were measured by 2 methods. LVEDV, LVESV and
LVEF were calculated using 1) the area—length method (using
the apical 4-chamber and apical 2-chamber views) and 2) the
modified Simpson’s method (biplane method of disks) by
tracing the endocardial border of LV cavity in both the apical
four-chamber and two-chamber views in end-systole and end-
diastole.

LV diastolic function was analyzed by measuring
peak early diastolic filling (E£) and late diastolic filling (4)
velocities, E/4 ratio. All parameters were obtained as the
average value of 5 consecutive cardiac cycles.

The values of LVEF (modified Simpson’s method) were
as follows:

Normal: >55%

Mild dysfunction: 45-54%

Moderate dysfunction: 30%-44%

Severe dysfunction: <30%

Two-dimensional speckle tracking echocardiography (STE)

Two-dimensional images of 4-chamber, 3-chamber and
2-chamber apical views, as well as an LV parasternal short-
axis view (at the root of papillary muscle), were recorded with
the same ultrasound machine. Three consecutive cardiac cycle
loops were recorded at end expiration. To ensure acceptable
image quality, the frame rate was between 50 and 80 frames
per second. A well-defined cardiac cycle was acquired for each
view and stored digitally for offline analysis. All images were
stored digitally and analyzed with offline software (Syngo
Dynamics 9.0 software, Siemens Medical Solutions). Speckle
tracking for myocardial strain was performed using Velocity
Vector Imaging (VVI) software (TomTec-Arena TTA2 ,
Germany). GLS and SR were automatically calculated as the



F. M. Bekmetova et al. / International Journal of Biomedicine 11(2) (2021) 131-136 133

average of 6 myocardial segments from 3 echocardiographic
views.
Coronary angiography

CAG was performed via the Judkins technique through
the femoral or radial artery access using Phillip Allura
CV20 (Phillips Medical Systems, The Netherlands). The
angiographical severity of coronary stenosis was assessed in the
position with the most luminal narrowing, and the percentage
of luminal narrowing was recorded according to the American
Heart Association reporting system."® The SYNTAX score, an
anatomical scoring system to grade the complexity of CAD,
was calculated for each patient accordingly. All coronary
lesions resulting in luminal narrowing of >50% in diameter
for vessels >1.5 mm in diameter were considered significant
stenosis. The SYNTAX score was calculated retrospectively
according to the SYNTAX score algorithm.!” All patients
were divided into 3 groups: low SYNTAX score (0-22),
intermediate score (23—32) and high score (=33).

Statistical analysis was performed using the statistical
software «Statistica» (v6.0, StatSoft, USA). Baseline
characteristics were summarized as frequencies and
percentages for categorical variables and as meantstandard
deviation (SD) for continuous variables. Multiple comparisons
were performed with one-way ANOVA with Tukey’s pairwise
comparisons. Group comparisons with respect to categorical
variables were performed using chi-square tests. Pearson’s
correlation coefficient (r) was used to determine the strength
of the relationship between the two continuous variables.
A probability value of P<0.05 was considered statistically
significant.

Results

The patients were further divided into 3 groups based
on the results of CAG and the SYNTAX score: Group 1
included 21 patients with a low SYNTAX score, for whom
standard drug therapy was recommended; Group 2 included
28 patients with an intermediate SYNTAX score, to whom
PCI was recommended; Group 3 included 25 patients with a
high SYNTAX score, to whom CABG was recommended. The
baseline clinical characteristics of the patients included in the
study are presented in Table 1.

Table 1.
Clinical characteristics of the CAD patients

Variable C(}rrggi )1 C(irrl(;g%)Z C('rrlig%)‘% Statistics
;xrvserage age | 593194 60.0+8.1 | 61.6£6.2 | P>0.05
Gender 8/13 18/10 232 |72149
(M/F) (38.1%/61.9%) | (64.3%/35.7%)| (92%/8%)| P=0.000
E{%ﬂensmv 12(57.1%) | 23 (82.1%) |21 (84%) g; Yo
El(iz)o)ry OFML 1 @gv) | 11(39.3%) |23 920%) [ 360
T2D, n (%) 1 (4.8%) 7025%) | 406%) 55810

MI - myocardial infarction; T2D - Type 2 diabetes

The average age of the patients in the 3 groups was
comparable. Analysis of gender differences showed a significant
predominance of men in Group 3, compared to Groups 1 and 2
(P=0.000). In Group 3, there were more patients with a history
of myocardial infarction than in Groups 1 and 2 (P=0.000). The
number of patients with hypertension and diabetes was slightly
predominant in Groups 2 and 3, compared with Group 1.

Comparative analysis of the parameters of central
hemodynamics revealed significant differences in contractility
of the LV myocardium in the studied groups of patients (Table
2). Thus, LVEF (area—length method) was significantly lower
in Group 3 than in Groups 1 and 2 (P=0.001). At the same
time, the LV dimensions (LVESD and LVEDD) in Group 3
were significantly larger than in Groups 1 and 2 (P=0.000 and
P=0.001, respectively).

Table 2.

Echo-based parameters of central hemodynamics

Group 1
(n=21)

Group 2
(n=28)

Group 3

Variable (n=25)

Statistics

Aorta, mm 28.5£6.4 | 27.3+6.1 | 31.7£7.8

Left atrium, mm | 34.843.7 | 33.1+3.4 | 35.3£5.7

IVST, mm 11.0£1.6 | 11.8+1.6 | 11.4+1.9

LVPWT, mm 10.4£1.5 | 10.5+£1.3 | 10.3+1.2

LVEDD, mm 47.0+4.8 | 48.1£5.0 | 54.0+£9.6 |P,_=0.8443

F=11.0067
P=0.0001

32.3£5.2 | 40.3£10.6 |P_=0.8849
P "=0.0003
P, =0.0005

F=8.0544
P=0.0007
61.149.9 | 56.1+11.0 | 48.0+12.5 |P, ,=0.2785

P, "=0.0006
P, =0.0288

F=3.4049
Biplane Simpson’s £=0.0387
LVEDV. ml 107.4+26.3|111.3+29.6|141.1£75.1|P, ,=0.9595
’ P, ,=0.0612
P, =0.0790

F=6.0193
P=0.0038
42.1£18.1 | 50.4+21.4 | 78.0+58.0 [P, =0.7241

P =0.0052
P, =0.0247

F=8.7657
P=0.0004
55.949.9 | 48.4£12.2 |P,=0.1849
P!”=0.0003
P, .=0.0310

LVESD, mm 31.3+4.5

LVEF
(area—length), %

Biplane Simpson’s
LVESV, ml

Biplane Simpson’s

LVEEF, % 61.349.1

LVESV obtained by the modified biplane Simpson’s
method was significantly higher in Group 3 than in Groups 1
and 2 (P=0.038) and exceeded the standard values (>70 ml).
LVEF obtained using the modified biplane Simpson’s method
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was significantly lower in Group 3 than in Groups | and 2
(P=0.000); it should be noted that this indicator was within
the normative values in Groups 1 and 2, and belonged to the
gradation “mild dysfunction.”

A more objective quantitative assessment of the
contractile function of the LV myocardium was obtained
by assessing the GLS and SR (Table 3). The comparative
analysis of the LV myocardial deformation properties in the
three studied groups showed that in Group 3 the GLS and SR
indicators were significantly lower than in Group 1 (P=0.000
and P=0.002). Moreover, GLS and SR were significantly
higher in Group 1 than in Group 2 (P=0.0001 and P=0.0133,
respectively). GLS significantly correlated with LVESD (r=-
0.38; P<0.05), LVEDD (r=-0.34, P<0.05), LVEF (=0.57,
P<0.05), E/A (r=0.22; P<0.05), and SYNTAX score (1=-0.63;
P<0.05). SR significantly correlated with LVEF (r=0.49;
P<0.05) and SYNTAX score (r=-0.37; P<0.05).

Table 3.

Quantitative assessment of the contractile function of the LV
myocardium obtained by VVI

Group 1 Statistics

(n=21)

Group 2
(n=28)

Group 3

Variable (n=25)

F=16.6499
P=0.0000

P_,=0.0001
P,"=0.0000
P, =0.4960

F=6.9184
P=0.0018

P_=0.0133
P,=0.0020
P, =0.7268

GLS, % -18.1+4.4 | -11.845.9 | -10.343.6

SR, ¢! -1.5+0.6 -1.1+0.5 -1.0+0.3

Table 4.

Relationship between LV deformation properties and structural-
functional and clinical parameters in CAD patients

Variable GLS SR
IVST -0.18 -0.33
LVPWT -0.06 -0.01
LVEDD -0.34%* -0.24
LVESD -0.38* -0.29
E/A 0.22%* 0.18
LVEF 0.57* 0.49%*
SYNTAX Score -0.63* -0.37*
*P<(.05

Discussion

The most commonly used strain-based measure of LV
global systolic function is GLS. It is usually assessed by
STE.(29 According to AES/EACVI, to provide some guidance,
a peak GLS in the range of 20% can be expected in a healthy
person, and the lower the absolute value of strain is below this
value, the more likely it is to be abnormal.!” There is evidence

that women have slightly higher absolute values of GLS than
men and that strain values decrease with age.?!??

The HUNT study in Norway, in which longitudinal strain
and SR were determined in 1266 healthy individuals from 3
standard apical views, showed that mean (SD) overall GLS
and SR were -17.4% (2.3) and -1.05 s(-1) (0.13) in women,
and -15.9% (2.3) and -1.01 s(-1) (0.13) in men. Deformation
indices decreased with increasing age.*”

A study performed by Smedrsrud et al.*” showed that
global systolic strain was significantly lower in patients with
significant CAD than in patients without significant coronary
artery stenoses (-17.7 = 3.0% vs. -19.5 £+ 2.6%, P=0.003).

The results obtained in studies performed by Bochenek
et al.?» and Cong et al.?> showed the clinical value of GLS
measured by STE in the prediction of LV remodeling after
STEMI treated by PCI. D’Andrea et al.?® found that in
patients with recent NSTEMI, longitudinal LV global and
regional speckle-tracking strain measurements are powerful
independent predictors of LV remodeling after reperfusion
therapy.

A study performed by Abdelrazek et al.?” showed that
GLS decreased incrementally with increasing SYNTAX
score, which indicates increasing severity of CAD. Vrettos
et al.®® showed similar results when they studied 71 patients
and reported that GLS values were inversely correlated to
SYNTAX score values.

Abdelrazek et al.?” found a significant correlation
between left ventricle EF and GLS (r=0.25; P=0.04), and
Benyounes et al.®” reported similar results when they
demonstrated that two-dimensional GLS can predict LVEF
(r=—0.53; P<0.001). Lima et al.®® concluded that LVEF
and GLS showed a powerful correlation (r=0.95; r*=0.89;
P<0.001), especially in patients with LV systolic dysfunction,
compared to those with normal LVEF.

In conclusion, the results obtained indicate the
diagnostic value of STE with the determination of GLS and
SR in a comprehensive assessment of the severity of CAD.
GLS and SR significantly correlate with the clinical course
of the disease, as well as indicators of LV remodeling and
LV diastolic dysfunction. STE analysis of GLS and SR
has incremental diagnostic value over TTE in predicting
significant CAD.
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