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Abstract

Background: It is well recognized that cardio- vascular risk factors lead to histological and functional changes in
aorta, and aortic stiffness is the best predictor of cardiovascular morbidity and mortality. In this study we evaluated
the relation of a less evaluated echocardiographic parameter of aortic stiffness, aortic propagation velocity (APV)
with the presence and severity of CAD.

Methods: This cross sectional study was conducted from May 2015 to March 2016 in Imam Reza hospital, Mashhad,
Iran. Seventy patients who were referred for elective coronary artery angiography were enrolled. Patients were divided
into two sub-groups based on angiographic findings: patients with CAD (38 patients, 54.3%) and non-CAD (32 patients,
45.7%). Transthoracic echocardiography was performed using the conventional 2D and color M-Mode imaging. Aortic
propagation velocity (APV), aortic strain (AS) and distensibility (AD) were measured. The presence and Severity of CAD
(assessing by syntax score) and their relation with aortic stiffness indices were assessed.

Results: Aortic strain (6.23 ± 1.93% versus 11.66 ± 4.86%, P < 0.0001), distensibility (2.46 ± 0.91 vs 5.57 ± 2.25 cm 2 dyn-
110-3, P < 0.0001) and APV (48.63 ± 10.31 cm/sec vs 77.75 ± 9.97 cm/s, P < 0.0001) were significantly decreased in CAD
group compared with non-CAD group. In our study, APV showed significant inverse relationship with CAD. Based on
our results, APV less than 56 cm/sec could be used to predict CAD with sensitivity and specificity of 96.9 and 78.9%
respectively. We also found an inverse correlation between APV and severity of CAD.

Conclusion: Aortic strain, AD and APV (a less evaluated echocardiographic index) showed significant inverse correlation
with presence and severity of CAD.
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Background
As cardiovascular diseases are the leading cause of mor-
tality, the prevention of its complications is a major goal
of healthcare. Interest is increasing in finding diagnosis
of preclinical vascular involvement in cardiovascular dis-
orders [1]. It is well known that aging and cardiovascular
risk factors can alter structure and function of large ar-
teries and their stiffness [2, 3]. Aortic stiffness is the best
predictor of cardiovascular mortality and morbidity [4,
5]. Invasive assessment of arterial stiffness is not access-
ible in clinic and non-invasive options such as M-mode

echocardiography has been recommended as a reprodu-
cible, accurate, simple and non-expensive technique [6].
Echocardiographic parameters such as aortic strain (AS),
aortic distensibility (AD), pulse pressure, augmentation
index pulse wave propagation velocity in the detection
of aortic stiffness were suggested [7]. Previous studies
were evaluated some of these parameters in different
status such as atherosclerosis, hypertension, end stage
renal disease, patients with chest pain and general popu-
lation [8]. The literature on the relation between APV
and CAD is limited. It is shown that APV in descending
aorta in thoracic part is correlated with CAD with con-
versed pattern [7, 9]. Higher resistance in aortic wall due
to atherosclerosis can indicate a decrement in flow
propagation speed in the lumen of arteries [10]. While
the extent of coronary artery disease (CAD) increased,
the distension of aortic wall and its strain will be
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decreased. The relation between the presence of CAD
severity and aortic strain is, also reported [11]. The aim
of this study was to investigate the correlation of a less
evaluated echocardiographic index of aortic stiffness
(APV) with the presence and severity of CAD.

Methods
Subjects
The study group consisted of 100 consecutive patients
who were referred for elective coronary angiography at
our hospital 2015–2016 and divided into a CAD group
and a non-CAD group (Fig. 1). A total of 30 patients ex-
cluded from the study because the following exclusion
criteria: Significant valvular heart disease, known sys-
temic disease affecting aorta (Marfan syndrome, etc.)
aortic dilation more than 40 mm, chronic renal failure
(CRF: eGFR< 60 ml/min/1.73m2), history of myocardial
infarction, LVEF< 55%, arrhythmia (Every type of ven-
tricular and atrial arrhythmia was excluded and none of
participants during the study had APCs or VPCs), bun-
dle branch block (Left and right bundle branch block),
suboptimal suprasternal images and refusal of enroll-
ment in the study.

Sample size
We calculated sample size based on previous study [12]
and below formula:

n ¼
Z1−α=2

þ Z1−β

� �2

s21 þ s22
� �

x1−x2ð Þ2

The residual 70 patients composed of 38 patients with
obstructive coronary atherosclerosis in CAD group (who
had more than 50% stenosis in at least one coronary ar-
tery) and 32 patients in non-CAD group who had nor-
mal coronary arteries or less than 50%coronary artery

stenosis. In CAD group extent and severity of CAD was
determined by Syntax score. We used SYNTAX score-I
for determination of severity of CAD. All patients under-
went TTE and APV, AS, AD were measured. An in-
formed consent was given by all patients.

Coronary angiography
Coronary angiography was performed with Siemens
Artis-zee (Siemens Healthcare, Forchheim, Germany)
angiography devices. More than 50% stenotic lesions in
left main or main three coronary arteries were consid-
ered as obstructive and the number of affected coronary
arteries was determined. The severity of CAD was calcu-
lated by SYNTAX score I [13].

Transthoracic echocardiographic
Conventional and color M-mode echocardiography was
performed using Philips iE33 (Philips Healthcare, Eindho-
ven, Netherlands) with S 5 probe by an experienced echo-
cardiologist (first author) who was blinded to the
angiographic data. M-mode Doppler tracing were re-
corded at the sweep rate of 200 mm/s. Three consecutive
beats were averaged for every parameter. Ejection fraction,
left ventricular end-systolic, and end-diastolic diameters,
septal and posterior LV thickness were recorded.

Systolic and diastolic diameters of aorta measurement
The systolic and diastolic diameters of the ascending
aorta were measured with M mode echocardiography
3 cm above the aortic annulus in the parasternal long
axis view. The aortic systolic diameter was measured
when the aortic valve was fully open and diastolic diam-
eter at the peak of QRS complex on the simultaneously
recorded electrocardiogram.

Aortic propagation velocity measurement Color
M-mode Doppler tracing were obtained with the cursor

Fig. 1 Flow diagram of study. CAD: coronary artery disease; LVEF: left ventricular ejection fraction; MI: myocardial infarction
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parallel to the main flow in the lumen of descending
aorta from the suprasternal window. The aliasing vel-
ocity was adjusted to 30–50 cm/s. A flame shaped color
M-mode image was displayed by switching to M-mode
tracing Aortic propagation velocity was measured by tra-
cing the velocity slope of the first aliasing contour
(Fig. 2). Systolic and diastolic blood pressure were re-
corded at the time of echocardiographic exam.

Aortic distensibility and aortic strain measurement
AS and AD were calculated based on the formula as
below [14]:

AS %ð Þ aortic systolic diameter−diastolic diameterð Þ � 100
diastolic diameter:

AD cm2=dyn
� � ¼ 2� AS

systolic pressure−diastolic pressure

Estimated glomerular filtration rate (eGFR) measurement
Estimated GFR (eGFR) was defined by MDRD formula:

eGFR mL= min=1:73m2
� � ¼ 186 S:Cr in μmol=1 x 0:011312ð Þ‐1:154

x ageð Þ‐0:203 x 0:742 if femaleð Þ

Statistics
All data were entered in SPSS software (Statistical Pack-
age for Social Sciences for Windows, version 16.0,
Chicago, IL, USA) and analyzed. All descriptive quanti-
tative characteristics were reported as mean ± standard
deviation and qualitative ones reported as percentage
and counts. We analyzed normality of distribution for
variables using Kolmogorov–Smirnov and Shapiro–Wilk
tests. Pearson correlation and chi square tests were used
for relationship of qualitative variables. Independent
T-Test or One-way ANOVA were used for comparison
of quantitative parameters for parametric variables and

Mann Whitney Test for non-parametric ones. Multivari-
ate regression analysis was used for predicting value of
aortic stiffness parameters. The value of diagnosis of
APV for CAD was evaluated with receiver operating
characteristic (ROC) curve. P-Value lower than 0.05 was
considered significant.

Ethics
This study was approved by ethical committee of med-
ical faculty of Mashhad University of Medical Sciences.
Ethical code of the study was IR.MUMS.fm.
REC.1394.141. All patients filled written informed con-
sent form before entering the study.

Results
Thirty patients were excluded from the analysis accord-
ing to exclusion criteria, therefore the statistical analysis
included 70 patients. As a result, 38 patients in the CAD
group (54.3%) and 32 patients (45.7%) in the non-CAD
group were included. The characteristics of the study
population are shown in Table 1. There were no signifi-
cant differences between the groups regarding age, gen-
der, BMI and coronary risk factors including
hypertension, hyperlipidemia diabetes mellitus, positive
family history and smoking status.
Left ventricle end-diastolic and systolic dimension, LV

thickness, aortic systolic and diastolic diameters, systolic
and diastolic blood pressure, and pulse pressure were
not statistically different between the groups. There were
significantly difference in AS and AD between the
groups (P < 0.001). (Table 2)
APV was significantly lower in CAD rather than

non-CAD group 77.75 ± 9.97 cm/sec (range: 55-97 cm/
sec) versus 48.63 ± 10.31 cm/sec (range: 26-78 cm/sec, P
< 0.0001) respectively. (Table 2).
There was positive correlation between APV with AS

(r = 0.515, P < 0.0001) and AD (r = 0.599, P < 0.0001).

Fig. 2 Measured (A) size of aorta and (B) aortic velocity propagation in a non-CAD case
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There was significant reverse correlation between num-
ber of affected vessels and APV (r = − 0.791, P < 0.0001),
AD (r = − 0.620, P < 0.0001) and AS (r = − 0.541, P <
0.0001). APV was significantly correlated with Syntax
score (r = − 0.791, P < 0.0001).
Logistic regression analysis showed that APV was the

only significant predictor of occurrence of CAD (P <
0.001, Table 3). Multivariate regression analysis showed
that APV (P < 0.001) can significantly predict type of
CAD involvement (Normal versus one-vessel disease,

two-vessel disease or three vessel disease) (Table 4).
Based on our results, APV value less than 56 cm/sec
could be used in predicting CAD with a sensitivity and
specificity of 96.9 and 78.9% (P < 0.001, AUC = 0.972),
respectively (Fig. 3).

Discussion
Inflexibility of arterial wall is a marker of vascular aging
and a substantial risk factor in progression of athero-
sclerosis and related cardiovascular disorders. Moreover,

Table 1 Comparison of clinical and demographic characteristics of patients in CAD or non-CAD groups

Characteristics CAD group (n = 38) Non-CAD group (n = 32) Total (n = 70) P-Value

Age (year) (mean ± S.D) 58.47 ± 13.29 58.12 ± 9.65 58.31 ± 11.69 0.20

Body Mass Index (Kg/m2) 26.28 ± 4.65 25.98 ± 4.38 26.12 ± 4.48 0.71

Height (cm) 163.37 ± 9.27 165.02 ± 9.57 164.27 ± 9.40 0.46

Weight (Kg) 70.06 ± 15.01 70.28 ± 13.22 70.18 ± 13.97 0.52

Heart rate (Per Minute) 71.62 ± 8.32 73.47 ± 12.17 72.62 ± 10.55 0.45

Systolic blood pressure (mmHg) 131.71 ± 14.95 143.02 ± 20.78 137.85 ± 19.08 0.10

Diastolic blood pressure (mmHg) 86.56 ± 12.40 89.86 ± 10.99 88.35 ± 11.69 0.24

Pulse Pressure (mmHg) 44.84 ± 14.05 53.68 ± 16.63 49.64 ± 16.02 0.21

Hypertension (N, %) 23, 60.5 18, 56.3 41, 58.6 0.71

Diabetes mellitus (N, %) 11, 28.9 10, 31.3 21, 30 0.83

Positive familial history (N, %) 13, 34.2 6, 18.8 19, 27.1 0.14

Smoking (N, %) 11, 28.9 10, 31.3 21, 30 0.87

Hyperlipidemia (N, %) 10, 26.3 8, 25 18, 25.7 0.90

SYNTAX score 12.46 ± 8.62 1.40 ± 4.11 7.40 ± 8.89 < 0.001

Left main disease (N, %) 2, 5.2 0 2, 100 –

Number of involved vessels (N, %)

Normal coroner 0 32, 100 32, 100

One-vessel disease 15, 39.4 0 15, 100

Two-vessel disease 9, 23.6 0 9, 23.6

Three-vessel disease 14, 36.8 0 14, 36.8

Table 2 echocardiographic findings in CAD and non-CAD groups

Characteristics CAD group n = 38 Non-CAD group n = 32 P-Value

EF (%) 56.34 ± 2.79 56.56 ± 2.36 0.81

LVEDD (cm) 4.89 ± 0.32 4.76 ± 0.43 0.73

LVESD (cm) 3.00 ± 0.45 2.87 ± 0.40 0.23

PWT (cm) 0.80 ± 0.09 0.79 ± 0.08 0.48

ST (cm) 0.87 ± 0.12 0.83 ± 0.10 0.14

Diastolic diameter (cm) 2.93 ± 0.35 2.92 ± 0.23 0.69

Systolic diameter (cm) 3.14 ± 0.30 3.26 ± 0.24 0.76

AS (%) 6.23 ± 1.93 11.66 ± 4.86 < 0.0001

AD (cm 2dyn−110−3) 2.46 ± 0.91 5.57 ± 2.25 < 0.0001

APV 48.63 ± 10.31 77.75 ± 9.97 < 0.0001

EF Ejection fraction; LVEDD Left ventricular end diastolic diameter; LVESD Left ventricular end systolic diameter; PWT Posterior wall thickness; ST Septal thickness;
AS Aortic strain; AD Aortic distentibility; APV Aortic propagation velocity
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it has been mentioned before that this index is related to
cardiovascular risk factors, such as smoking, hyperten-
sion, obesity, diabetes mellitus, lipid profile dysfunction
and higher age [10, 15, 16]. Arterial stiffness is deter-
mined by structural and functional constituents of elas-
tic features and influences blood pressure. This study
evaluated the predictive value of APV and other arterial
stiffness factors in patients with CAD and compared the
results with non-CAD patients. To the best of the au-
thor’s knowledge, there are limited studies in this field
and there is no study in Iran that has assessed the SYN-
TAX score and arterial stiffness.
In the current study, the researchers determined that

APV is significantly lower in the CAD group (48.63 ±
10.31 cm/s) compared with the non-CAD group (77.75
± 9.97 cm/s). This is similar to other studies. Yildrim et
al. also showed that APV level in patients with severe
risk factors in the past 10 years (37 ± 13 cm/s) was lower
than patients with moderate or low risk factors [17].
Gunes et al. showed lower APV in CAD (29.9 ± 8.1 cm/
s) in comparison with the normal coronary group (47.5
± 16.8 cm/s) [18]. This indicates that decreasing APV is
related to risk factors and chronicity, similar to the re-
sults of the present study. Sen et al. also demonstrated
lower levels of APV in CAD (39.2 ± 13.9 cm/s) in com-
parison with non-CAD subjects (81.4 ± 21.4 cm/s) [12].
Chetty et al.’s study was also in accordance with the
current results and showed a significant decrease of
APV in CAD (41.65 ± 4.94 cm/s) rather than non-CAD
(49.72 ± 6.38 cm/s) group [19]. These findings support

the hypothesis that APV has a role in atherosclerotic
events and arterial stiffness. It is important to note that
although the ‘flow propagation of velocity’ is not a real
calculation of fluid propagation between base and apex,
there is a relationship with maximal detected velocity
points. These results may be representative of various
fluid components, which can concurrently be stimulated
by local pressure gradient at various depths in front of
the inflow tract [20]. As arterial stiffness is increased,
APV will be decreased and this can be an early index in
symptomless arterial stiffness.
Another major finding was the inverse correlation be-

tween severity of CAD (by SYNTAX score) and APV.
This has not been extensively evaluated by previous
studies. Only one study showed that APV has a strong
and inverse correlation with the SYNTAX score [19].
Other studies used the Gensini score for severity of
CAD. However, SYNTAX score has greater agreement
with the guidelines when compared with the Gensini
score. Sen et al. [12] and Gunes et al. [9] showed no sig-
nificant correlation between severity of CAD (by Gensini
score) and APV. This correlation can be representative
of the severity of CAD without any intervention and
could be very helpful. However, future studies on this
subject are required.
Another important finding of the current study was

the predictive value of APV in CAD with high sensitivity
and specificity with cutoff point of 56 cm/s. Yildirim et
al. reported a cutoff value of 46.5 cm/s with sensitivity
and specificity of 84 and 85% for APV [17]. Chetty et al.
showed a cutoff point of 47.5 cm/s with sensitivity and
specificity of 76 and 72% for APV in predicting CAD
[19]. Sen et al. also showed that only APV could inde-
pendently predict CAD with sensitivity and specificity of
90.5 and 92.2% and with cutoff point of 60.5 cm/s [12].
The current results and other previous studies showed a
spectrum of cutoff points that are almost similar and
can significantly predict the CAD.
The current researchers found that there was a posi-

tive correlation between APV and AS and APV and AD.
There was a negative correlation between APV, SBP and
DBP. Devici et al. reported on a significantly different

Table 3 Logistic regression analysis

Characteristics B S.E. Wald Sig. Exp(B) 95% CI

Lower Upper

SBP −0.006 0.058 0.010 0.922 0.994 0.888 1.114

PP −0.021 0.153 0.020 0.889 0.979 0.726 1.320

AS −0.240 0.872 0.075 0.784 0.787 0.142 4.349

AD −1.048 2.133 0.241 0.623 0.351 0.005 22.945

APV −0.252 0.085 8.787 < 0.001 0.777 0.658 0.918

SBP Systolic blood pressure; PP Pulse pressure; AS Aortic stiffness; AD Aortic
distentibility; APV Aortic propagation velocity

Table 4 Multivariate regression analysis

Characteristics Unstandardized Coefficients Standardized Coefficients t Sig.

B Std. Error Beta

SBP −0.003 0.003 −0.104 − 0.946 0.348

PP 0.002 0.005 0.064 0.414 0.680

FH 0.073 0.076 0.066 0.970 0.336

AS −0.012 0.019 −0.105 −0.630 0.531

AD −0.046 0.042 −0.210 −1.100 0.276

APV −0.019 0.002 −0.659 −8.097 < 0.0001

SBP Systolic blood pressure; PP Pulse pressure; AS Aortic stiffness; AD Aortic distentibility; FH Familial history; APV Aortic propagation velocity
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AS, AD, and APV in three groups and a significant rela-
tionship between APV, AS and AD and coronary ectasia
score [21]. Chetty et al. also showed an inverse relation
between APV and SBP, age, duration of diabetes and low
LDL, which was only significant in SBP [19]. Sen et al.’s
results were in line with the current findings and showed
a positive correlation between APV and AS and AD [12].
This shows the correlation of arterial stiffness parame-
ters that were in the same direction and could influence
each other.
The current investigation had some limitations. Al-

though the authors showed a good prediction by APV
for CAD, a poor view in suprasternal window in echo-
cardiography could lead to low quality images and this
can result in low reproducibility of this technique. This
protocol of this study was affected by age, weight,
obesity, and anatomy of aorta of patients and limited
access in some cases. The authors did not evaluate
other parameters, such as Carotid Intima-Media
Thickness (CIMT).

Conclusion
We showed that the novel transthoracic color M-Mode,
APV can significantly predict the CAD. This method is
practical echocardiographic, noninvasive, simple eco-
nomical approach for detecting or screening CAD. It
also may be beneficial for CAD comorbidities and risk

stratification and selection of high-risk individuals for
CAD. One of the major important new findings of our
study was the correlation between the severity of CAD
with SYNTAX score and arterial stiffness. This could
help physicians to make prognosis for angiographic
severity of CAD. This is the first study in Iran and
second study in the world that is based on new
guideline of SYNTAX score which is best validated.
Large scale population, multi-centric studies are rec-
ommended to validate the applicability of the method
as a screening tool.
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