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Abstract

AIM Using three-dimensional ultrasound speckle tracking echocardiography (3D-STE) to evaluate left ventricular (LV) function
in patients with triple vessel coronary artery disease(TVD) without myocardial infarction. METHODS Sixty patients with
TVD without myocardial infarction were divided into two groups according to the results of coronary angiography. Group B
(n=31):50%[?]the stenosis rate of all triple vessel coronary arteryj75%; Group C (n=29):the stenosis rate of all triple vessel
coronary artery[?]75%. Thirty healthy subjects were recruited as the group A. We measured LV end-diastolic and end-systolic
volume (LVEDV, LVESV) and LV ejection fraction (LVEF) using real-time dynamic three-dimensional echocardiography. The
3D-STE parameters of LV included global longitudinal strain (GLS), global area strain (GAS), global radial strain (GRS) and
global circumferential strain (GCS). The correlation between 3D-STE parameters and NT-proBNP were analyzed by Pearson
linear correlation analysis. RESULTS In group C, LVEDV and LVESV were significantly increased (all Pj0.05), while LVEF,
GLS, GRS, GCS and GAS were significantly decreased compared with groups A and B (all Pj0.05). In groups A and B, there
were no statistical differences in LVEDV, LVESV and LVEF. However, GLS, GCS and GAS were lower in group B than in group
A (all Pj0.05). The correlation analysis showed a negative correlation between the absolute values of GLS, GRS, GCS, GAS
and NT-proBNP in group C (r=-0.866 - -0.587 ~ -0.428 ~ -0.600,P;0.001 - P=0.001~ P=0.020 - P=0.010). CONCLUSIONS Our
study shows that 3D-STE can evaluate the LV function in patients with triple vessel coronary artery disease without myocardial

infarction through multiple strain parameters.
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(LVEDV, LVESV) and LV ejection fraction (LVEF) using real-time dynamic three-dimensional echocardio-
graphy. The 3D-STE parameters of LV included global longitudinal strain (GLS), global area strain (GAS),
global radial strain (GRS) and global circumferential strain (GCS). The correlation between 3D-STE pa-
rameters and NT-proBNP were analyzed byPearson linear correlation analysis. RESULTS In group C,
LVEDYV and LVESV were significantly increased (all P j0.05), while LVEF, GLS, GRS, GCS and GAS were
significantly decreased compared with groups A and B (all P j0.05). In groups A and B, there were no
statistical differences in LVEDV, LVESV and LVEF. However, GLS, GCS and GAS were lower in group
B than in group A (all P j0.05). The correlation analysis showed a negative correlation between the ab-
solute values of GLS, GRS, GCS, GAS and NT-proBNP in group C (r =-0.866 - -0.587~ -0.428 ~ -0.600,P
i0.001~ P =0.001~ P =0.020~ P =0.010).CONCLUSIONS Our study shows that 3D-STE can evaluate
the LV function in patients with triple vessel coronary artery disease without myocardial infarction through
multiple strain parameters.
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Introduction

Coronary heart disease (CHD) has been a hot spot in cardiovascular disease research. It is a heart disease
caused by of the formation of coronary atherosclerotic plaque, which result in stenosis or obstruction of the
vascular lumen, leading to myocardial ischemia, hypoxia and necrosis. According to the report published in
2016, CHD accounts for 20% of deaths in Europe, and is still one of the diseases with the highest morbidity
and mortality in the world™?. However, CHD involving three vessels disease (TVD) is a more extensive,
diffuse and more serious disease than common CHD, and the left ventricular (LV) function can be impaired
earlier. The main function of the LV is to transport blood to all parts of the body and undertake the
blood supply to the whole body. So the effective evaluation of LV function in patients with TVD is very
meaningful to the treatment and prognosis of patients. Traditional echocardiography has become the first
choice for clinicians to diagnose heart disease, but it is less sensitive in early identification of cardiac function
changes®!. The 3D-STE is a quantitative tool to evaluate LV function with high accuracy and reliability[4.
Nesser et al.5lfound that 3D-STE in assessment of LV systolic function had a remarkable correlation with
cardiac MRI. At present, 3D-STE has been widely applied to disease diagnosis and academic research in
terms of cardiacl®®l. This study used 3D-STE to quantitatively analyze the changes of systolic LV strain
parameters and evaluate LV function in patients with TVD without myocardial infarction.

Methods
Study population and grouping principles

Our study enrolled patients, who had been clinically diagnosed with CHD at the department of cardiology,
from hospital admissions made between June 2019 and December 2020 in our hospital. Our diagnostic
criteria for CHD was consistent with the diagnostic and therapeutic guidelines of CHD from the European
Society of Cardiology (ESC) published in 20131, Among them, sixty patients with TVD were selected as
the experimental group. Diagnostic criteria of TVD was as follows: coronary angiography showed that the
diameter stenosis rates of three subepicardial vessels (left anterior descending coronary artery, circumflex
coronary artery, right coronary artery) and / or their main branches were all [?] 50%. Sixty patients with
TVD were divided into two groups: 31 patients with 50%[?]the stenosis rate of all triple vessel coronary
arteryj75% served as group B (age, 45777 years; mean age, 57.411+8.29 years; ratio of females to males:
20:11), 29 patients with all three-vessel stenosis rate[?]75% served as group C (age, 44771 years; mean age,
57.37+-8.16 years; ratio of females to males: 20:9). At the same time, we recruited 30 gender and age-
matched healthy subjects (age, 41769 years; mean age, 55.43+-7.54 years; ratio of females to males: 18:12)
as group A. And all of the above participants were in sinus rhythm.

Exclusion criteria included: 1) therapeutic history of coronary revascularization; 2) myocardial infarction;
3) cardiac injury caused by coronary heart disease-related complications, such as papillary muscle rupture,
ventricular wall rupture, interventricular septal perforation; 4) cardiac enlargement and cardiac dysfunction



resulted by other types of heart disease, such as dilated cardiomyopathy, congenital heart disease, rheumatic
heart disease, chronic pulmonary heart disease, valvular disease; 5) combined with hypertension, diabetes,
nephrotic syndrome that contribute to heart damage. We also excluded the poor quality images.

Before the examination, we recorded the basic information of all participants on the checklist including
name, gender, age, height and weight, then calculated body mass index (BMI, kg/m2). After taking a 10
min break, a physician who was blind the purpose of the study measured the blood pressure (BP) and the
heart rate (HR) of all participants. And 4 mL venous blood samples were retrieved in fasting in the morning
from three groups of participants, and the serum was obtained by centrifuging venous blood at 3000 r/min
for 10 min and stored in the refrigerator(-30). Then the content of N-terminal pro-brain natriuretic peptide
(NT-proBNP) of the serum were measure by photochemical method.

The present study was accomplished with the consent of the Ethics Committee of our hospital. All par-
ticipants fully understood the potential risks and objective of this study, and signed the informed consents
before all examinations were carried out.

Conventional echocardiographic measurements

In our study, a GE Vivid E9 doppler ultrasound instrument equipped with an M5S-D probe (1.5-4.5 MHz) was
introduced to obtain 2-dimensional images. The ultrasound examination was conducted when the subjects
lay in the left lateral decubitus position and keep steady breathing with connecting a three-lead electrocar-
diography (ECG). Three groups of participants completed an assessment of echocardiography from multiple
views including the LV long-axis, apical 4-chamber and apical 2-chamber. We measured the conventional
parameters which included interventricular septal thickness and LV posterior wall thickness at end-diastolic
(IVSTd and PWTd), LV end-diastolic diameter (LVDd) and LV end-systolic diameter (LVDs), transmitral
peak early and late inflow diastolic velocity (E and A) , early-diastolic tissue velocity of septal and lateral
mitral annulus (Sept €’ and Lat €’), then computed respectively E/A and E/mean ¢’. We used the views
of apical 2-chamber and 4-chamber to measure the left atrial maximum volume at the LV end-systole by
modified Simpson’s rule, then calculated left atrial maximum volume index (LAVImax).

Real-time three-dimensional echocardiography and 3D-STE measurements

To acquire 3D echocardiographic LV full volume images, we used a matrix-array 4V-D probe (1.7-3.3 MHz).
In real-time dynamic three-dimensional pattern, the frame rates of echocardiographic image were 25-50
frames/s. When the entire LV myocardium, endocardium, and epicardium were clearly displayed in apical
4-chamber view, we told the patients to hold their breath after a calm breath in order to eliminate breathing
motion artifacts. Furthermore, to make sure a clear image, it is necessary to adjust the buttons that control
the depth and width of the probe during the operation. Then turning into 4D full volume pattern, we
continued to collect real-time dynamic three-dimensional images of LV in four consecutive cardiac cycles
which can be analyzed with 3D-STE. At last, starting 4-dimensional automatic LV quantitative analysis
software (4D-Auto LVQ) to analyze all the collected full-volume images. This software will automatically
delineate the edocardial boundary of the LV, which can be manually adjusted if required. The parameters
including LV end-diastolic volume (LVEDV), LV end-systolic volume (LVESV), LV ejection fraction (LVEF)
were measured and strain curves for all 17 segments of the LV wall were obtained. Global longitudinal strain
(GLS), global area strain (GAS), global radial strain (GRS) and global circumferential strain (GCS) of 17
myocardial segments in each direction were got by computing the weighted average of the peak systolic strain
values. Each parameter was measured three times by a physician, and the average value was taken.

We analyzed all data using SPSS 19.0 software (SPSS 19.0, Inc., Chicago, IL, USA). All data conforming to
normal distribution were showed as mean values+-standard deviations. Comparisons of the gender among
the three groups were made by using y2-test. Differences of more than two groups were compared by analysis
of one-way ANOVA. And we compared the differences between two groups by using LSD-t test. To obtain the
correlations between 3D-STE parameters and NT-proBNP in three groups, we used Pearson linear correlation
analysis. The values of Pj0.05 demonstrated that the results were statistically significance.



Results
Clinical characteristics and NT-proBNP

There was no obvious difference among the three groups of participants in the age, gender, BMI, BP and
HR (all P;0.05). In terms of level of NT-proBNP, group C was the highest among three groups, and group
B had higher NT-proBNP level than that in group A (all P;j0.05).(Shown in Table 1)

Conventional echocardiographic parameters

No difference was showed in IVSTd and PWTd among three groups (both Pj0.05). In group C, LAVImax
, E/ mean ¢, LVDs and LVDd were increased (all Pj0.05), while E/A, LVEF, Sept e’ and Lat ¢’ were
decreased (all Pj0.05) compared to groups A and B. In group B, we found that LAVImax and E/mean €’
were increased, while Sept e’ and Lat e’ were decreased compared with group A (all Pj0.05). There were no
obvious difference in terms of LVDs, LVDd, E/A and LVEF between groups A and B (all P;0.05).(Shown
in Table 2)

3D and 3D-STEparameters

Compared with groups B and A, LVEDV and LVESV were obviously increased (all Pj0.05), whereas LVEF
was obviously declined in group C (Pj0.05). The parameters of LVEDV, LVESV and LVEF were no obvious
differences in groups A and B (all P;0.05). GLS, GRS, GCS, GAS in group C were obviously lower (all
Pj0.05) than those in groups A and B. GLS, GCS and GAS in group B were lower than those in group A
(all P;j0.05) and GRS was also reduced, but there was no difference (P;0.05). (Shown in Table 3 and Figure

1)
Correlation analysis

In order to make the results more intuitive, we used the absolute values instead of negative value of three-
dimensional strain parameters in the Pearson linear correlation. GLS, GRS, GCS and GAS were negatively
related to NT-proBNP in group C (r =-0.866 ~ r =-0.587~ r =-0.428 -~ r =-0.600~ P <0.001-~ P =0.001~ P
=0.020~ P =0.010).(shown in Figure 2). And GLS is the only parameter that demonstrated a negative
relationship with NT-proBNP in group B (r =-0.642~ P <0.010). (shown in Figure 3)

Discussion

As a subtype of CHD, TVD is more serious than single-vessel and double-vessel disease, which has a higher
incidence of cardiovascular events and mortality!'?). The LVEF is the most common parameter to eval-
uate myocardial systolic function!*!], but relevant studies have shown that the sensitivity of it is poor in
detecting mild myocardial dysfunction which can be is detected quantitatively by measuring ventricular
wall deformation"?. Speckle tracking is a new echocardiographic technique developed in recent years. At
present, 2D-STE has been widely used in clinical and experimental research!'4 But the limitation of
2D-STE is that the tracking of myocardial acoustic spots is limited to the two-dimensional section, which
makes it untraceable when some of the spots move completely outside the two-dimensional section. The 3D-
STE overcomes the‘out-of-plane’phenomenon of 2D-STE in scanning!516l. It can quantitatively evaluate
the deformation of regional myocardium in all directions, and reflect motion and function of myocardium
in three-dimensional space more realistically and accuratelyl!”*8]. Crosby et all'”lstudy on local myocardial
function using speckle tracking technology shows that 3D-STE can accurately identify the myocardium with
local myocardial dysfunction.

In our study, the LV structure of the group B was no obvious difference, and LVEF was also within the normal
range compared with group A. However, the group C had larger LV volume and lower LVEF than those
in other two groups. The left ventricular structure and LVEF can remain normal in group B, because the
motion of myocardium in the ischemic region may be compensated by adjacent region myocardium. With the
deterioration of disease, insufficiency of myocardial blood supply can cause ischemia, hypoxia and abnormal
energy metabolism of myocardial cell, and even the loss of myocardial cell, and which further develops
into diffuse myocardial fibrosis. Progressive aggravation of myocardial load gives rise to LV dilatation and



increase of myocardial oxygen consumption which exacerbates the vicious cycle of myocardial overload and
LV dilation, eventually leading to heart failurel?%). Kane et al *!] have shown that the decrease of LV diastolic
function is earlier than that of systolic function in patients with CHD. Our study evaluated LV diastolic
function in line with the guideline issued by the American society of echocardiography in 2016[22], which
proved that the LV diastolic function was decreased in group B and group C. This is consistent with the
results of Rydberg et all®®l| indicating that LV diastolic function is closely related to the degree of coronary
artery stenosis. Due to TVD, the myocardial blood and energy supply is insufficient leading to the decrease
of LV diastolic dysfunction, which is earlier than the change of systolic dysfunction in group B. With the
aggravation of TVD, the degeneration and necrosis of the myocardium can result in fibroplasia and scar
formation. Ultimately, myocardial compliance is reduced and ventricular diastolic function is impaired.

The myocardium of the LV is divided into three layers: the inner layer of the right hand spiral, the middle
layer of the ring spiral and the outer layer of the left hand spiral®*2?®!. Due to the orientations of myocar-
dial fibers are different, its movement directions are also different. When the inner layer and outer layer
myocardial fibers contract, there is movement in the direction of the long axis, and when the middle layer
myocardium contracts, there is movement in the direction of the short axis. GLS, GCS and GRS respec-
tively represent the myocardial deformation in the longitudinal, circumferential and perpendicular directions
of endocardium. In addition, GAS is a new parameter!?6-27! which is the integration of GLS and GCS, and it
represents the area change rate of endocardium. Longitudinal motion of myocardium is mainly determined
by the myocardium fibers in the inner layer, and circumferential and radial motion are determined by the
myocardium fibers in the middle layer!28:29],

Our study found that the GLS in groups B and C were obviously diminished compared to control group,
and the changes were statistically significant. Blood supply to the endocardium comes from the vessels at
the end of the coronary artery and studies have shown that change of GLS is dominated by the endocardial
myocardium®%. So the endocardium is more sensitive to ischemia and hypoxia when the patients with TVD
have myocardial ischemia, which means that GLS has changed under normal conditions of LVEFPB. If
stenosis rate of TVD further aggravates leading to the overload of cardiac and the enlargement of cardiac,
the decrease of GLS is more significant. In our study, it was found that the GCS in groups B and C
were obviously lower than that in control group(Pj0.05). The pericardial contraction of the short axis of
the cardiac is mainly caused by the movement of the middle layer, and the inner layer is also involved.
Generally, myocardial ischemia gradually expands from the endocardium to the epicardium[®?!, so when
myocardial ischemia and hypoxia occur, the inner layer and the middle layer of myocardial segments are
affected, resulting in reduction of GCS. GRS represents the thickness of the ventricular wall and the change
of the LV volume from the LV short axis view!®3. In our study, the reduction of GRS in groups A and B were
not statistically significant. It might be because the radial movement is closely related to the annular middle
layer, and the had not completely involved the middle layer of the myocardium in this study. Furthermore,
the radial thickening of ventricular wall is the result of the interaction of cross fibers between different
myocardial layers and the inner and outer myocardium fibers perpendicular to fiber orientation. The strains
of endocardial and epicardial myocardium fibers are similar in the orientation of parallel myocardial fibers,
while it contributes less to GRS in the orientation of perpendicular to myocardial fibers. In the group C,
GRS was obviously decreased compared with the other two groups. It showed that the further development
of the disease had affected the middle layer, which was consistent with the research results of Winter et all34l.
As a specific indicator of 3D-STE, GAS is the integration of GLS of the ventricular long axis and GCS of the
ventricular short axis, so the significant reduction of GAS can better assess the cardiac systolic dysfunction
in patients with TVD.

NT-proBNP is produced by the hydrolysis of proBNP which can produce BNP at the time, and NT-proBNP
may be more specific to cardiac activity than BNPP5!, Studies have confirmed BNP may be actively de-
graded in peripheral blood, so the test of NT-proBNP is more reliablel®®. NT-proBNP, as a polypeptide
neurohormone, is mainly synthesized and secreted by ventricular myocytes®”. In recent years, more and
more attention has been paid to the diagnostic and prognostic of BNP in patients with different clinical
types of CHD[%40 Some studies have showed the change of serum NT-proBNP closely related to myocar-



dial ischemia and hypoxia. When the systolic function of cardiac is abnormal, the ventricular volume load
increases and the ventricular wall is pulled, causing the synthesis and release of NT-proBNP™1. Our results
showed the level of NT-proBNP was distinctly difference among the three groups. NT-proBNP of group
C was highest among of three groups. It was due to the severe stenosis of the TVD result in ischemia of
cardiomyocytes and LV systolic dysfunction, which stimulates the synthesized and secreted of NT-proBNP
by ventricular myocytes. In group C, the study demonstrated each 3D-STE strain parameter were negatively
correlated with NT-proBNP. And the correlation analysis also demonstrated GLS was negatively correlated
with NT-proBNP in group B. Therefore, the level of serum NT-proBNP is consistent with the 3D-STE in
the evaluation of LV systolic function in patients with TVD.

Study limitations

The present study still existed some limitations. First of all, 3D-STE is not suitable for image acquisition of
patients with irregular heart rhythm, and it requires the complete image information, which makes the loss
of image information for patients with oversized heart. In addition, the high frame rate can accurately reflect
the instantaneous motion information of the myocardium, while the low frame rate is adverse to real-time
response of myocardial motion information. Furthermore, we had a relatively small study population, so it
is necessary to expand the sample size for further study in the future.

Conclusions

All in all, LV function is closely related to the degree of coronary artery stenosis. If there is no timely
intervention in the early stage of myocardial ischemia, the LV function will further deteriorate. As a new
technique, 3D-STE can detect the changes of myocardial function earlier in patients with TVD without
myocardial infarction, and quantitatively evaluate the global LV function through multiple global strain
parameters. This may provide a more effective method for monitoring the change of LV systolic strain and
evaluating LV systolic function of TVD without myocardial infarction.
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Table 1: Clinical characteristics and NT-proBNP of the study population ()

Parameters Group A(n=30) Group B(n=31) Group B(n=31) Group C(n=29) Group C(n=29)
Age, years 55.4+7.5 97.4+8.3 97.4%8. 2 97.4%8. 2 57.4+£8. 2
Systolic BP, mmHg  115.34+8.03 117.6+7.2 121.3£9.0 121.34£9.0 121.34£9.0
Diastolic BP, mmHg  78.0£3.2 81.1+2.3 82.4+3.2 82.4+3.2 82.4+3.2

HR , beats/min 65£5 65+4 67+4 67+4 67+4

BMI, kg/m? 24.5+2.5 24.7+3.0 25.3+3.3 25.3+3.3 25.3+3.3
NT-proBNP, pg/mL  54.8+23.9 394.34+147.3* 394.34+147.3* 394.34+147.3* 2476.6+1120.3%#
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Abbreviations: HR = Heart rate; BMI = Body mass index; BP = Blood pressure

Note: *: p;j0.05 versus group A . #:p;0.05 versus group B

Image

Table2: Conventional echocardiographic parameters of the study population ()

Parameters Group A(n=30) Group A(n=30) Group B(n=31) Group C(n=29) Group C(n=29)

LVDs ,mm LVDs ,mm 30.06£4.90 31.13£4.76 31.13£4.76 48.0146.09*# 48.01+
LVDd ,mm LVDd ,mm 46.08+3.74 47.01£4.05 47.01£4.05 63.6343.21%# 63.63+
IVSTd ,mm IVSTd ,mm 8.98+1.16 9.10+0.68 9.1040.68 9.3740.68 9.3740
PWTd ,mm PWTd ,mm 9.12£1.00 9.07£0.93 9.07£0.93 9.41£0.88 9.41+0
E/A E/A 1.03£0.34 0.95+0.22 0.95+0.22 0.7340.41*# 0.73+0
LAVImax ,mL/m? LAVImax ,mL/m? 25.58+3.73 37.2945.44* 37.2945.44* 43.2746.88*7# 43.27+
Sept e’ ,cm/s Sept e’ ,cm/s 10.22+2.87 8.014+1.98* 8.0141.98* 6.8442.10%# 6.84+2
Lat ¢’ ,cm/s Lat ¢’ ,cm/s 13.81£3.01 10.414+2.74%* 10.41+£2.74%* 9.4442.36*# 9.444-2
E/mean €’ E/mean €’ 7.61+2.02 11.234+2.74%* 11.2342.74%* 15.6441.81%# 15.64+

Abbreviations: LVDs = LV end-systolic diameter; LVDd =LV end-diastolic diameter; IVST = thickness
of the interventricular septum; PWTd = end-diastolic thickness of left ventricular posterior wall; E/A =
ratio of peak early and late diastolic velocities; LAVImax = left atrial maximum volume index; Sept ¢’=
septal mitral annular early-diastolic velocity; Lat e’=lateral mitral annular early-diastolic velocity; E/mean
e’ = ratio of peak early diastolic velocities and septal and lateral early (e’) mitral annular diastolic tissue

velocities.

Note: *: pj0.05 versus group A. #:pj0.05 versus group B
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Table3: 3D parameters and 3D-STE parameters of the study population ()

Parameters Group A(n=30) Group A(n=30) Group B(n=31) Group B(n=31) Group C(n=29)
LVEF % 62.40£4.62 60.50+3.91 60.50+3.91 35.545.43*# 35.545.43%7#

LVEDV mL 85.73£16.75 87.35+£15.80 87.35+15.80 201.62422.86*#  201.62422.86*#
LVESV ;mL 32.30£9.11 34.38£8.43 34.38+8.43 129.55414.88%#  129.55+14.88*#

GLS ,-9.20.42.35%#  -9.20.42.35*#
GRS ,19.2742.60%#  19.27+2.60*#
GCS ,-8.93+2.77*#  _8.93+2.77*#

GAS -15.4144.35%#  -15.41+4.35%#

Abbreviations: LVEF - left ventricular ejection fraction; LVEDV - left ventricular end-diastolic volume;
LVESV - left ventricular end-systolic volume; GLS - global longitudinal strain; GRS - global radial strain;
GCS - global circumferential strain; GAS - global area strain.

*: pi0.05 versus group A .#:p;j0.05 versus group B
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