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Abstract

Background: Coronary artery disease (CAD) and arterial stiffening may coexist. Stable angina pectoris (SAP) is one of the
common types of CAD. However, the association between SAP and aortic stiffness metrics remains poorly understood. Tissue
Doppler imaging (TDI) measurement of ascending aorta motion velocity may be used to employed to assess the elastic properties
of the great arteries. We hypothesized that non-CAD individuals may exhibit higher. TDI velocities in the ascending aorta. Aim:
To explore the correlation between ascending aortic stiffness and SAP using parameters derived from two-dimensional and TDI
echocardiography of the ascending aorta. Methods: This study comprised 118 patients with clinically suspected SAP.
Two-dimensional echocardiography, TDI, electrocardiogram (ECG), and coronary angiography (CAG) were performed on all
patients. Patients with coronary lumen area stenosis >70% were categorized as having significant CAD (CAD Group n=57) and
were compared with patients without significant CAD (non-CAD Group n=61). Using TDI, aortic systolic velocity (SA0), early
diastolic velocity (EA0), and late diastolic velocity (AA0) were measured from the anterior wall of the ascending aorta 3 cm
above the aortic cusps in the parasternal long-axis view. Aortic stiffness index (B), aortic distensibility (D), and pressure-strain
elastic modulus (Ep) were calculated from aortic diameters measured by two-dimensional M-mode echocardiography and blood
pressure obtained by sphygmomanometry. Results: SAo was significantly higher in the non-CAD group (11.70 #1.53 cm/s
vs.12.80 #2.21 cm/s, p < 0.05). EAo and AAo velocities of ascending aorta were similar in control and CAD groups. Based on
the receiver operating characteristic curve (ROC curve) for diagnosing non-CAD, the optimal cut-off value of SAo was >13.35
cm/s (sensitivity, 85.96%; specificity, 40.98%; area under curve (AUC)=0.64; P<0.05). There was a significant correlation
between SAo velocity and B (r=—0.34, P<0.05), D (r=0.32, P<0.05) and Ep (r =—0.29, P<0.05). Conclusions: Arterial stiffness is
lower in patients without significant CAD. Measuring SAo of the anterior ascending aorta using TDI echocardiography has good
sensitivity but poor specificity in patients without significant coronary artery stenosis in SAP.
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1. Introduction

Coronary artery disease (CAD) is acommon cardiovascular
disease, and its mortality has shown an obvious upward trend
in recent years, with stable angina pectorisis (SAP) being
most common [1]. Arteriosclerosis is the main pathogenic
factor of cardiovascular disease [2]. The aorta plays an im-
portant role in regulating left ventricular function, myocardial
perfusion, and hemodynamics [3]. Increased aortic stiffness is
an effective predictor of cardiovascular morbidity and mor-
tality [4]. Aortic stiffness is strongly correlated with coronary
stenosis [5]. At the same time, although some patients with
stable angina pectoris have no obvious symptoms, the rate of
coronary artery stenosis can reach more than 70%. If stable
angina pectoris is not accurately diagnosed, the risk of car-
diovascular endpoint events will double [6]. Although Exer-
cise treadmill testing (ETT) is a noninvasive diagnostic test
for detection of CAD recommended by the American Heart
Association (AHA). However, there are contraindications for
its use. Although computed tomography angiography (CTA)
is a non-invasive procedure, it usually overestimates the de-
gree of coronary stenosis. The gold standard for the diagnosis
of stable angina pectoris is still coronary angiography (CAG).
However, CAG is an invasive operation, and there is a certain
risk of complications, so it cannot be used as a routine in-
spection method [7]. Therefore, how to quickly, accurately
and non-invasively diagnose stable angina pectoris and pre-
vent the occurrence of missed and misdiagnosed is a thorny
problem currently facing.

Echocardiography is the dominant cardiac imaging tech-
nique in patients with suspected cardiac disease. However,
conventional echocardiography provides little information
regarding risk stratification of patients with suspected stable
angina. Tissue Doppler imaging (TDI) can easily be imple-
mented in the conventional echocardiographic protocol;
hence it would be very appealing if TDI could provide addi-
tional information regarding risk stratification of these pa-
tients. Hoffman et al report that tissue Doppler is an inde-
pendent predictor of stable angina pectoris [8]. Finally, TDI
has few contraindications and can be used for rapid bedside
examination. Therefore, we performed TDI of the ascending
aorta in patients with suspected stable angina pectoris, ana-
lyzed the Doppler motion velocity spectrum of the ascending
aorta tissue, and explored whether it predicted the presence of
significant CAD, and whether it was associated with coronary
arterial stenosis.

2. Methods

2.1. Study Population

We retrospectively studied 118 patients (male 71, female 47)
who were hospitalized with the diagnosis of suspected SAP
between January 2020 and May 2022. Baseline characteristics
of the study population, including age, sex, weight, height,

blood pressure, past medical history, smoking status, family
history, and medications, were obtained from inpatient med-
ical records. Fasting blood samples and 12-lead electrocar-
diography were also obtained. Exclusion criteria included
valvular heart disease, heart dysfunction defined by LV ejec-
tion fraction (LVEF) <50%, arrhythmias, intraventricular
conduction disturbances, pathologic Q waves, chronic kidney
disease, aortic aneurysms, and systemic diseases affecting the
aorta, such as Marfan syndrome and Takayasu’s arteritis.
Conventional echocardiography, M-mode echocardiography,
and TDI of the ascending aorta were performed in all patients
prior to coronary angiography. Coronary angiography was
performed irrespective of the echocardiography and TDI
findings of the ascending aorta.

2.2. Conventional Echocardiography

All patients underwent conventional echocardiography in
the left lateral decubitus position. Studies were performed
using a commercially available system (Philips iE33, S5-1
probe, Philips, Bothell, WA, USA). Images were obtained
using a 3.5-MHz transducer, at a depth of 16 cm in the
parasternal (long- and short-axis) and apical (2- chamber and
4-chamber) views. Standard 2-D and color Doppler data,
triggered to the QRS complex, were stored in cine-loop for-
mat. A minimum of 3 consecutive beats were recorded from
each view. All of the images were obtained at the end of ex-
piration as recommended. All echocardiographic findings
were analyzed by one of the authors, who were blinded to the
subjects’ past histories. Measurements of cardiac chambers
were made by transthoracic echocardiography. Conventional
echocardiographic values, including LV dimensions, LV
ejection fraction (LVEF), LV fractional shortening (LVFS),
LV mass index, peak velocity of early diastolic filling (E) and
peak velocity of atrial systole (A).

2.3. M-Mode Echocardiography

Aortic diameters were measured at a level 3 cm above the
aortic cusps in long axis from the parasternal view (Figure 1).
Systolic aortic diameter (As) was measured at the point of
maximal anterior motion of the ascending aorta (systole), and
diastolic aortic diameter (Ad) was measured at the g wave on
electrocardiogram (end diastole). The means of three diame-
ter measurements in sequential cardiac cycles were used for
data analysis. Systemic arterial blood pressure (BP) was
measured at the right brachial artery by manual sphygmo-
manometer with the patient supine using an adequately sized
cuff. BP was measured three times on each occasion at 2 min
intervals and averaged. Pulse pressure (PP) was obtained by
subtracting the diastolic BP from the systolic BP.

The elastic properties of the ascending aorta were indexed
by calculation of aortic distensibility (D), stiffness index (B)
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and pressure strain elastic modulus (Ep) and were as follows:
D =2 (As—Ad)/ [Ad (Ps—Pd)], B = In(Ps/Pd)/ [(As—Ad)/Ad]
and Ep = (Ps—Pd)/ [(As—Ad)/Ad], respectively, where As is
the aortic diameter at end-systole, Ad is the aortic diameter at
end-diastole, Ps is the systolic BP, Pd is the diastolic BP, and
In is the natural logarithm.

2.4. Tissue Doppler Imaging

Ascending aortic upper-wall velocities were measured by
TDI at the same point as in the M-mode measurement (Figure
2). Gain and filter settings were adjusted to optimize the im-
age. The TDI of expansion peak velocity during systole (SA0)
and early (EA0) and late (AA0) contraction peak velocities
during diastole were obtained with a 1-mm sample volume
size. The resulting velocities were recorded for 3 cardiac
cycles and stored for later analysis. The averages of velocities
measured from the lateral mitral annulus on the transthoracic
four-chamber views were reported as Sa (Peak longitudinal
systolic velocities), Ea (early diastolic velocities), Aa (late
diastolic velocities) (Figure 3).

2.5. Coronary Angiography

Study participants were all subjected to coronary angi-
ography, which was performed by the percutaneous radial or
femoral approach. Significant coronary stenosis disease
(CAD) was defined as >70% reduction in the coronary lumen
area.

2.6. Statistical Analysis

All continuous variables were expressed as mean = stand-
ard deviation, and the Student t test was used to compare the
differences between groups. Categorical variables are ex-
pressed as frequencies and percentages and were compared
using the chi-squared test or Fisher’s exact test. Multiple
stepwise logistic regression was performed to assess the in-
fluence of baseline characteristics on TDI of ascending aortic
upper-wall velocities, and stiffness parameters. For the opti-
mal predictors, receiver operating characteristic (ROC) curves
were constructed, and the area under the curve (AUC) was
calculated. Subsequently, the optimal cut-off value of the
predictors with the highest sensitivity and specificity was
selected using ROC curves. The relationships between pa-
rameters were evaluated by Spearman’s rank correlation
analysis or linear regression analysis. Inter- and intra-observer
reproducibility for measurement of the aortic velocities by
TDI method was examined in 20 randomly selected cases
with the Lin’s concordance correlation coefficient. Statistical
charts were prepared by GraphPad Prism9.0. A two-tailed
P<0.05 was considered statistically significant.

2.7. Ethics

The study was approved by the institutional review board.

3. Results

The characteristics of the study population are shown in
(Table 1). Of 118 patients enrolled in the study, 57 were cat-
egorized as having significant CAD with coronary area ste-
nosis >70% (CAD Group), whereas 61 had non-significant
CAD (non-CAD Group). There were no significant differ-
ences between the groups regarding age, gender, BMI, and
coronary risk factors including diabetes mellitus, hyperten-
sion, hypercholesterolemia, and smoking status. The inci-
dence of ST-segment elevation (STEMI) in the CAD group
was similar to that in the non-CAD group (P=0.118). In CAD
Group, 47 (82.4%), 9 (15.8%), and 1 (1.8%) had 1, 2, and 3
significantly stenotic coronary vessels, respectively, as con-
firmed by coronary angiography. The most common occur-
rence of stenosis was in the left anterior descending artery, up
to 56 cases.

Echocardiographic measurements in study participants are
depicted in (Table 2). Notably, no significant differences
regarding LVEF or left ventricular diastolic diameter (L\VDD)
observed between the CAD Group and non-CAD Group. In
terms of M-mode—derived indices of aortic stiffness, g and Ep
were lower, and D was higher, in CAD Group (Table 2).
Measurement of ascending aorta pulse wave TDI parameters
was performed successfully in all study participants. Systolic
velocity of ascending aorta (SA0) was significantly higher in
the non-CAD group (11.70 #1.53 cm/s vs.12.80 #2.21 cm/s, p
< 0.05) (Figure 4). Early diastolic (EA0) and late diastolic
(AAO0) velocities of ascending aorta were similar in the
non-CAD and CAD groups (P=0.140 & P=0.179). Area under
the ROC curve of SAo for diagnosing significant CAD was
0.64 (95% confidence interval [Cl; 0.54-0.74]; P<0.001),
which determined the diagnostic performance of SAo (Figure
5). According to the analysis of the ROC curve, the optimal
cut-off value of SAo was >13.35cm/s with a sensitivity of
85.96% and a specificity of 40.98%.

There was a significant correlation between SAo velocity
and B (r=—0.34, p<0.05), D (r=0.32, p<0.05), and Ep (r =—0.29,
p<0.05). There was no correlation between EAo, AAo, and
any of the aforementioned parameters of aortic stiffness.

A reasonable reproducibility for measurement of ascending
aorta TDI parameters with a small bias was shown by the
Lin’s concordance correlation coefficient. Concordance cor-
relation coefficients were 0.91 (95% CI 0.823-0.945) for SAo,
0.92 (95% ClI, 0.883-0.956) for EA0, and 0.89 (95% CI
0.847-0.942) for AAo within the same observer. Concordance
correlation coefficients were 0.94 (95% CI 0.927-0.951) for
SA0, 0.93 (95% Cl, 0.914-0.946) for EAo, and 0.90 (95% ClI
0.848-0.939) for AAo between the 2 observers.

4. Discussion

Our study has three main clinical implications: (1) ascending
aorta pulse wave TDI parameters had a high feasibility and
satisfactory reproducibility; (2) S Systolic velocity of ascend-
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ing aorta (SA0) predicted non-significant CAD with high sen-
sitivity (85.96%) in patients with suspected SAP; (3) Because it
was a retrospective study and the sample size of the CAD group
is small, its poor specificity needs further verification.

The aorta is the most commonly used vessel for measuring
local arterial stiffness because it contributes the most to the
arterial buffering function [9]. Many studies have attempted
to present that cardiovascular mortality is associated with
aortic stiffness [10]. Several mechanisms may explain the

correlation between aortic stiffness and coronary heart disease.

As aortic stiffness raises, central systolic blood pressure in-
creases and diastolic blood pressure decreases [11]. Elevated
systolic blood pressure increases myocardial oxygen demand
and ventricular load, which induces LV hypertrophy [12].
Decreased diastolic blood pressure reduces coronary perfu-
sion, leading to subendocardial ischemia [13]. Subsequently,
raised pulse pressure may lead to arterial wall remodeling,
increased intimal wall thickness, and plaque formation [14].
Angiographic measurement of aorta stiffness through
catheter conceived to simultaneously record pulse waves on 2
separate arterial sites is used as a direct but invasive gold
standard method [15]. Several noninvasive techniques have
been validated for studying arterial stiffness, most of which
have been shown to predict cardiovascular events. Of these
techniques, aortic stiffness assessed using carotid femoral
pulse wave velocity (PWV) appears to have the greatest evi-
dence for predicting cardiovascular mortality [16]. PWV can
noninvasively assess aortic stiffness by measuring carot-
id-femoral pulse wave velocity. The most common limitation
of PWV is that femoral artery pressure waveforms may be
inaccurate in patients with obesity, metabolic syndrome, di-
abetes, and peripheral arterial disease. Secondly, PWV is
estimated indirectly through various parameters, rather than
directly measuring the aorta [17]. Elastic modulus, distensi-
bility, and stiffness index B have been used to assess local
aortic stiffness. However, since these methods rely on the
blood pressure of the subjects, their reproducibility is limited
[18]. Magnetic resonance imaging (MRI) is also used to
measure aortic stiffness. Compared with other non-invasive

methods, the most important advantage of MRI is the accu-
racy of anatomical location of arterial stiffness measurement.
However, MRI has the disadvantages of complex operation,
time-consuming and high cost [19].

Recently, it has been suggested to use TDI of the ascending
aorta to evaluate aortic elasticity. Compared with other
methods, TDI can directly measure the velocity of the as-
cending aorta quickly, noninvasively and simply, and can
reduce medical expenses. Meanwhile, TDI can easily be im-
plemented in the conventional echocardiography [8]. TDI of
the ascending aorta is used to assess its elastic properties. It
can measure aortic wall motion velocities, during systole and
diastole, and correlates these measures with aortic distensi-
bility and compliance [20]. These velocity amplitudes
demonstrate the pressure-independent stiffness index that
represents the elastic properties of the aorta [21].

Our study provides data that enable researchers to evaluate
the elastic properties of the arterial wall directly, and show a
high specificity and good reproducibility. Based on the ROC
curve of SAo for diagnosing significant CAD was 0.64 (95%
confidence interval [CI; 0.54-0.74]; P<0.05) and the optimal
cut-off value of SAo>13.35cm/s with a sensitivity of 85.96%
and a specificity of 40.98%. Further analysis showed that SAo
had a significant association with Elastic modulus, distensi-
bility, and stiffness index B. Our study demonstrated that the
availability of TDI is closely related to non-CAD and the high
sensitivity of SAO can accurately identify patients without
significant CAD, thus avoiding unnecessary CAG examina-
tion. Especially for grassroots hospitals, it can reduce unnec-
essary hospitalizations, improve transfer efficiency, and save
medical resources.

5. Conclusions

Arterial stiffness is lower in patients without significant
CAD. Measuring SAo of the anterior ascending aorta using
TDI echocardiography has good sensitivity but poor specificity
in patients without significant coronary artery stenosis in SAP.

Table 1. Baseline Characteristics of the Study Population.

CAD
n 57
age 65.7246.99
male 39
Hypertension, n 28
Smoker (current), n 26
Hypercholesterolemia, n 22
Diabetes mellitus, n 24
STEMI, n 29

non-CAD P value
61

63.5246.30 0.075
32 0.077
34 0.789
20 0.239
18 0.365
19 0.299
20 0.118
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Heart rate (Bpm)
SBP, mmHg
DBP, mmHg

PP, mmHg

BMI, kg/m?
LDL, mmol/L
HDL, mmol/L
ACEI/ARB, n

B blocker, n
CCB, n

CAD

75.4746.25
127.12414.50
80.2348.94
46.89+15.53
25.5441.32
2.8540.38
1.1940.10

17

9

11

non-CAD

75.2144.98
123.95+13.69
79.4148.90
44.54+16.48
25.2140.90
2.7940.37
1.2140.09

14

10

7

P value

0.802
0224

0.619
0.428
0.113
0.387
0.255
0.453
0.763
0.424

Continuous data are presented as mean SD and categorical data as number. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; BMI, body mass index; CAD, coronary artery disease; HDL, high-density lipoprotein; STEMI, ST segment elevation myo-
cardial infarction; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure.

Table 2. Conventional echocardiographic parameters, Ascending aortic stiffness parameters and Aortic TDI parameters of the study popula-

tion.

Conventional echocardiographic parameters

LVDD (mm)

LVEF (%)

As (cm)

Ad (cm)

E (m/s)

A (m/s)

Ascending aortic stiffness parameters
D (cm?dyne™10%)

p

Ep (kpa)

Aortic TDI parameters
Ea (cm/s)

Aa (cm/s)

Sao (cm/s)

EAo0 (cm/s)

AAo0 (cm/s)

CAD

49.4142 .32
63.1143.74
3.2340.31
3.0040.11
0.7040.14
0.764.10

4.4840.49
5.8440.82
64.7243.02

11.258.77
10.4440.75
11.70+1.53
9.69+2.03

12.88+42.36

non-CAD

48.85+2.03
64.4143.88
3.1340.25
2.9840.08
0.7340.17
0.7540.13

4.6940.61
6.2340.80
63.39+2.78

12.2843.08
10.32+4).78
12.80+2.21
10.31+2.46
12.1943.10

P value

0.165
0.067
0.056
0.259
0.299
0.642

0.042
<0.01
<0.01

0.059
0.37

<0.01
0.140
0.179

A, mitral inflow late diastolic velocity; Aa, annular late diastolic velocity; AAo, aortic wall late diastolic velocity; E, mitral inflow early di-
astolic velocity; Ea, mitral annular early diastolic velocity; EAo, aortic wall early diastolic velocity; LVEF, left ventricular ejection fraction;
LVDD, left ventricular diastolic diameter; Sa, systolic myocardial velocity; SAo, aortic wall systolic velocity; Ad, diastolic ascending aortic
diameter; As, systolic ascending aortic diameter; D, aortic distensibility; Ep, pressure-strain elastic modulus; B, stiffness index; TDI, tissue

Doppler imaging.
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Figure 1. M-mode echocardiography recordings of the ascending aorta in parasternal long-axis view showing the measurement of systolic
aortic diameter (As), and diastolic aortic diameter (Ad). The measurements were made at the same point at a level 3 cm above the aortic cusps.
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Figure 2. Ascending aortic upper-wall velocities were measured by TDI at a level 3 cm above the aortic cusps in long axis from the paras-
ternal view. SAo: peak velocity during systole. EAo: early diastolic peak velocities. AAo: late contraction peak velocities.
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Figure 3. The averages of velocities measured from the lateral mitral annulus on the transthoracic four-chamber views were reported as Sa
(Peak longitudinal systolic velocities), Ea (early diastolic velocities), Aa (late diastolic velocities).
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Figure 4. SAo: Systolic velocity of ascending aorta.
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Figure 5. ROC curve: Receiver operating characteristic curve.

AUC.

6. Limitations

First, because of the sampling location of ascending aorta,
image quality may have been affected by breathing and ad-
jacent structures. Aortic TDI parameters were successfully
measured in all study participants. However, image quality
may affect the accuracy of these measurements. Second, the
accuracy of TDI measurement is angle dependent, and it is a
semi-automated technology, which depends on the experience
of the operator. Finally, the sample size of patients enroliment
in the study was small, and selection bias could not be com-
pletely precluded, the above reasons may have led to the poor
specificity of this study. Further validation and prognostic
studies on the sensitivity of SAO are warranted.

Abbreviations

CAD: Coronary Artery Disease
SAP: Stable Angina Pectoris
TDI: Tissue Doppler Imaging
ECG: Electrocardiogram
CAG: Coronary Angiography
SAo: Aortic Systolic Velocity
EAo: Early Diastolic Velocity
AAo: Late Diastolic Velocity
B: Aortic Stiffness Index

D: Aortic Distensibility

183


http://www.sciencepg.com/journal/wjph

World Journal of Public Health

http://www.sciencepg.com/journal/wjph

Ep: Pressure-strain Elastic Modulus

ROC: Receiver Operating Characteristic Curve
AUC: Area Under Curve

ACELI: Angiotensin-Converting Enzyme Inhibitor
ARB: Angiotensin Receptor Blocker

BMI: Body Mass Index

HDL: High-density Lipoprotein

STEMI: ST Segment Elevation Myocardial Infarction
SBP: Systolic Blood Pressure

DBP: Diastolic Blood Pressure

PP: Pulse Pressure

E: Mitral Inflow Early Diastolic Velocity

Ea: Mitral Annular Early Diastolic Velocity

A: Mitral Inflow Late Diastolic Velocity

Aa: Annular Late Diastolic Velocity

LVEF: Left Ventricular Ejection Fraction

LVDD: Left Ventricular Diastolic Diameter

Sa: Systolic Myocardial Velocity

ACEI: Angiotensin-Converting Enzyme Inhibitor
ARB: Angiotensin Receptor Blocker

Ethical Statements

All procedures followed were in accordance with the ethical
standards of the responsible committee on human experimen-
tation (institutional and national) and with the Helsinki Decla-
ration of 1964 and later versions. Informed consent was ob-
tained from the patient for publication of this case report.

Acknowledgments

The authors are grateful to all physicians contributing data
to this study.

Author Contributions

Ling Wang: Data curation, Formal Analysis, Funding ac-
quisition, Writing - original draft, Writing - review & editing

XiangYu Chen: Conceptualization, Data curation, Formal
Analysis, Writing - original draft, Writing - review & editing

Feng Yang: Conceptualization, Data curation, Software,
Writing - review & editing

Funding

Medical and Health Science and Technology Plan Project
of Zhuji City, Zhejiang Province, China. The sponsors had no
role in the study design, data curation, data analysis, data
interpretation or writing of the manuscript.

Conflict of Interest

The authors declare no conflicts of interest.

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

184

JOSHI P H, DE LEMOS J A. Diagnosis and Management of
Stable Angina: A Review [J]. Jama, 2021, 325(17): 1765-78.
https://doi.org/10.1001/jama.2021.1527

ADEVA-ANDANY M M, ADEVA-CONTRERAS L, FER-
N&NDEZ-FERNANDEZ C, et al. Elastic tissue disruption is a
major pathogenic factor to human vascular disease [J]. Mo-
lecular biology reports, 2021, 48(5): 4865-78.
https://doi.org/10.1007/s11033-021-06478-8

DOMANIN M, BISSACCO D, ROMAROWSKY R M, et al.
Drag Forces after Thoracic Endovascular Aortic Repair. Gen-
eral Review of the Literature [J]. Ann Vasc Surg, 2021, 75:
479-88. https://doi.org/10.1016/j.avsg.2021.02.042

ANGOFF R, MOSARLA R C, TSAO C W. Aortic Stiffness:
Epidemiology, Risk Factors, and Relevant Biomarkers [J].
Frontiers in cardiovascular medicine, 2021, 8: 709396.
https://doi.org/10.3389/fcvm.2021.709396

COCCIOLONE A J, HAWES J Z, STAICULESCU M C, et al.
Elastin, arterial mechanics, and cardiovascular disease [J]. Amer-
ican journal of physiology Heart and circulatory physiology, 2018,
315(2): H189-h205. https://doi.org/10.1152/ajpheart.00087

OHMAN E M. CLINICAL PRACTICE. Chronic Stable An-
gina [J]. N Engl J Med, 2016, 374(12): 1167-76.
https://doi.org/10.1056/NEJMc1605394

BALLA C, PAVASINI R, FERRARI R. Treatment of Angina:
Where Are We? [J]. Cardiology, 2018, 140(1): 52-67.
https://doi.org/10.1159/000487936

HOFFMANN S, JENSEN J S, IVERSEN A Z, et al. Tissue
Doppler echocardiography improves the diagnosis of coronary
artery stenosis in stable angina pectoris [J]. Eur Heart J Car-
diovasc Imaging, 2012, 13(9): 724-9.
https://doi.org/10.1093/ehjci/jes001

SALVI P, SCALISE F, ROVINA M, et al. Noninvasive Esti-
mation of Aortic Stiffness Through Different Approaches
Comparison With Intra-Aortic Recordings [J]. Hypertension
(Dallas, Tex: 1979), 2019, 74(1): 117-29.
https://doi.org/10.1161/HYPERTENSIONAHA.119.12853

LAURENT S, BOUTOUYRIE P. Arterial stiffness: a new
surrogate end point for cardiovascular disease? [J]. Journal of
nephrology, 2007, 20 Suppl 12: S45-50.

CECELJAM, CHOWIENCZYK P. Role of arterial stiffness in
cardiovascular disease [J]. JRSM cardiovascular disease, 2012,
1(4). https://doi.org/10.1258/cvd.2012.012016

WANG K L, CHENG H M, CHUANG S, et al. Central or
peripheral systolic or pulse pressure: which best relates to target
organs and future mortality? [J]. Journal of hypertension, 2009,
27(3): 461-7. https://doi.org/10.1097/hjh.0b013e3283220ea4

NAMASIVAYAM M, ADJI A, OROURKE M F. Influence of
aortic pressure wave components determined noninvasively on
myocardial oxygen demand in men and women [J]. Hyperten-
sion (Dallas, Tex: 1979), 2011, 57(2): 193-200.
https://doi.org/10.1161/HYPERTENSIONAHA.110.160200


http://www.sciencepg.com/journal/wjph

World Journal of Public Health

http://www.sciencepg.com/journal/wjph

[14]

[15]

[16]

[17]

[18]

WITTEMAN J C, GROBBEE D E, VALKENBURG H A, et al.

J-shaped relation between change in diastolic blood pressure
and progression of aortic atherosclerosis [J]. Lancet (London,
England), 1994, 343(8896): 504-7.
https://doi.org/10.1016/s0140-6736(94)91459-1

GHADERI F, SAMIM H, KEIHANIAN F, et al. The predictive
role of aortic propagation velocity for coronary artery disease
[J]. BMC cardiovascular disorders, 2018, 18(1): 121.
https://doi.org/10.1186/s12872-018-0854-9

LAURENT S, BOUTOUYRIE P, CUNHAP G, et al. Concept
of Extremes in Vascular Aging [J]. Hypertension (Dallas, Tex:
1979), 2019, 74(2): 218-28.
https://doi.org/10.1161/HYPERTENSIONAHA.119.12655

MIKAEL L R, PAIVA AM G, GOMES M M, et al. Vascular
Aging and Arterial Stiffness [J]. Arquivos brasileiros de car-
diologia, 2017, 109(3): 253-8.

KIM S A, PARK S M, KIM M N, et al. The relationship be-

[19]

[20]

[21]

185

tween mechanical properties of carotid artery and coronary
artery disease [J]. Eur Heart J Cardiovasc Imaging, 2012, 13(7):
568-73. https://doi.org/10.1093/ejechocard/jer259

DUMOR K, SHOEMAKER-MOYLE M, NISTALA R, et al.
Arterial Stiffness in Hypertension: an Update [J]. Current hy-
pertension reports, 2018, 20(8): 72.
https://doi.org/10.1007/s11906-018-0867-x

HARADA K, YASUOKA K, SHIMADA Y. Usefulness of
tissue doppler imaging for assessing aortic wall stiffness in
children with the Marfan syndrome [J]. The American journal
of cardiology, 2004, 93(8): 1072-5.
https://doi.org/10.1016/j.amjcard.2003.12.067

VITARELLI A, GIORDANO M, GERMANOG, et al. As-
sessment of ascending aorta wall stiffness in hypertensive pa-
tients by tissue Doppler imaging and strain Doppler echocar-
diography [J]. Heart (British Cardiac Society), 2010, 96(18):
1469-74. https://doi.org/10.1136/hrt.2010.198358


http://www.sciencepg.com/journal/wjph

