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Aortic propagation velocity in the prediction of coronary artery disease severity

Eftal Murat Bakirci®, Husnu Degirmenci?, Hakan Duman®, Selami Demirelli¢, Hikmet Hamur®, Mutlu Buyuklu?,
Gokhan Ceyhun, Ergun Kutlusoy?

Aims. To investigate the association of the aortic propagation velocity (APV) with coronary artery disease (CAD) in
patients with stable angina pectoris (SAP) through SYNTAX scores (SS).

Methods. The study population comprised 214 SAP subjects who received a coronary angiography. The APV and ca-
rotid intima-media thickness (CIMT) were examined and SS was calculated. Subjects were grouped following specific
SS criteria: SS less than 22 (low) and SS greater than or equal to 22 (high).

Results. High SS subjects had lower APV compared to low SS [39.0 (32.0-51.7) vs. 55.0 (45.0-62.0) cm/s, respectively;
P<0.001] and higher CIMT (0.86 + 0.24 vs. 0.74 + 0.21 mm, respectively; P<0.001). APV demonstrated a negative cor-
relation with the CIMT (r=-0.239, P<0.001), age (r=-0.188, P=0.006) , and SS (r=-0.561, P<0.001) and showed a positive
association with LV ejection fraction (r=0.163, P=0.017). APV, CIMT, diabetes, low-density lipoprotein cholesterol (LDL-C),
and age were determined to be markers independently of a high SS.

Conclusion. APV, CIMT, diabetes, LDL-C and age are independently linked to the CAD severity of SAP subjects. Decreased
APV, an indicator of subclinical atherosclerosis, may independently help determine the severity of atherosclerotic CAD
in SAP patients.
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INTRODUCTION MATERIALS AND METHODS

Atherosclerosis, a multifactorial disease, can compli- A total of 214 SAP subjects that had a coronary an-
cate any part of the arterial system!. Prevention is one  giography (CAG) were recruited for the study. The ex-
of the main principles of healthcare. Non-invasive imag-  clusion criteria were acute coronary syndrome; an SS
ing techniques have been used to identify atherosclerosis  of 0; a history of myocardial infarction, coronary artery
and improve clinical outcomes. It has been shown that  bypass grafting or percutaneous coronary intervention;
augmented CIMT is atherosclerosis and cardiovascular  renal insufficiency; hepatobiliary complications; alcohol
risk predictor?. Furthermore, propagation velocity of the  consumption; acute/chronic inflammation or infection;
descending thoracic aorta (APV) has been linked to coro-  aortic aneurysm; severe valvular disease; left ventricular
nary/carotid atherosclerosis. systolic dysfunction; atrial fibrillation; and use of steroids.

The SYNTAX score (SS) has been used to score the  Approval of the study granted by the local ethics commit-
CAD severity. It scores atherosclerotic lesion character- tee, and subjects provided consent before participation.
istics as well as the coronary artery anatomy. Substantial Following a full workup, patients were asked to under-
clinical findings have determined that the SS is reliable  go an echocardiographic exam. Blood samples (at fasting)
for selecting optimal revascularization in CAD patients®.  for biochemical, lipid, and hematological analysis were
Several studies have shown that the higher SS is directly  collected 1 day before CAG. The eGFR was determined
proportional the rate of acute and long-term cardiovascu-  using the Cockcroft-Gault formula.
lar events®’. Using noninvasive imaging, patients that are
high risk for cardiovascular events/CAD severity can be  Echocardiographic analysis
identified early. An increase in CIMT has been linked to Echocardiography was done via GE Vivid S5 system
complexity and severity of CAD (ref.?). To our knowledge, and a 2.5-MHz phased-array transducer. Images, following
no reports have been published investigating the associa- a complete transthoracic echocardiographic exam, were
tion between the APV and CAD complexity. Therefore, taken from the left lateral decubitus position. All exams
we aimed to investigate the association of APV with CAD  were done by a blinded, experienced cardiologist. The
severity in stable angina pectoris (SAP) patients using LVEF was determined by modification of the Simpson
the SS system. method. Following the echocardiography, color M-mode
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Fig. 1. Descending aorta propagation velocity in a low SS (A) and high SS (B) subject.

Doppler was recorded from a suprasternal window with
parallel to the descending aorta main flow. An adapta-
tion of the Nyquist limit (30 to 50 cm/s) was performed.
M-mode spatiotemporal velocity map was obtained (Fig.
1A and B). Next, aliasing was performed to adjust the
velocity and a clear velocity slope was achieved. The APV
was determined by dividing the distance by propagation
slope time of the velocity slope.

Assessment of CIMT

CIMT was determined by a Toshiba Diagnostic
Ultrasound System machine and a 7.5-MHz transducer,
while subjects were in the supine position. The tech-
nique was accordance with the American Society of
Echocardiography CIMT Task Force’. Briefly, CIMT
was demarcated from the edge of the lumen-intima to
the media-adventitia on the outer wall of the common
carotid artery. The carotid artery transverse and longi-
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tudinal planes were subjected to CIMT measurement
"1 centimeter proximal to the carotid artery bifurcation
in the free plaque area.

Angiographic analysis

Selective CAG was done using the Judkins technique.
Individual angiograms were evaluated by 2 independent
and qualified blinded cardiologists. A coronary lesion
of greater than or equal to 50% diameter stenosis in 1.5
mm vessels was used for scoring. Verson (2.11) of the SS
software used for classification [SS<22 (low) and SS>22

(high)].

Statistical Analysis

Data were analyzed using SPSS v17 (SPSS Inc.,
Chicago, IL, USA). The One-Sample Kolmogorov-
Smirnov test was used to determine continuous variable
distribution normality. Between groups statistical differ-
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Table 1. Clinical and Demographic information of subjects with low and high SYNTAX Scores

Low Syntax Score High Syntax Score P
(<22), (n=134) (>22), (n=80)

Age, years, n(%) 51.5(48-64) 62(54-67) <0.001
Sex, male, n(%) 103(76.9%) 70(87.5%) 0.056
Diabetes, n(%) 27(20.1%) 32(40%) 0.002
Hypertension, n(%) 53(39.6%) 33(41.3%) 0.806
Smoking, n(%) 65(48.5%) 35(43.8%) 0.500
BMI, kg/m? 28.5+4.9 29.5+5.8 0.186
LVEF on admission, % 54(48-62) 54(47.2-56) 0.152
Hemoglobin, g/dL 13.6£2.4 13.9£2.1 0.435
White blood cell count, x10°/L 6.7(6.1-8.2) 6.8(6.1-8.3) 0.978
Platelet count, x10°/L 278(214-353) 290(198-354) 0.819
eGFR<60, ml/min/1.73m?, n(%) 7(5.2%) 11(13.8%) 0.030
LDL cholesterol, mg/dL 126.7+£30.1 131.9£31.1 0.232
HDL cholesterol, mg/dL 38.2+7.8 36.3+7.3 0.070
Triglyceride, mg/dL 143(83-199.2) 134(80-186.7) 0.449
Previous medications, n(%)

Aspirin 24(17.9%) 15(18.8%) 0.878

ACEi/ARB 33(24.6%) 19(23.8%) 0.885

Beta-blocker 17(12.7%) 9(11.3%) 0.756

Statin 22(16.4%) 11(13.8%) 0.601
CIMT, mm 0.74+0.21 0.86+0.24 <0.001
APV, cm/sec 55(45-62) 39(32-51.7) <0.001

ACE-i/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; APV, aortic propagation velocity; BMI, body mass index;
CIMT, carotid intima-media thickness; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein;

LVEF, left ventricular ejection fraction.

ences were determined by Student t test or Mann-Whitney
U test. Variables that were continuous were given as
mean+SD or median (interquartile range). Categorical
data were subjected to Pearson's chi-square or Fisher ex-
act test. Data considered categorical were presented as
number of cases (percentage). Pearson product-moment
or Spearman’s rank correlation coefficients were used
to determine the association of continuous variables.
Multiple logistic regression analysis with the backward
LR method was used to determine the independent pre-
dictors of a high SS (P<0.25). A p-value of less than 0.05
was considered statistically significant.

RESULTS

A total of 214 SAP subjects (mean age 59.3 = 12.6
years; 80.8% male) were recruited for the study. One hun-
dred thirty four subjects were categorized into the low
SS group and 80 subjects in the high SS group. Clinical,
laboratory, and echocardiographic findings from both
groups are presented in Table 1. Subjects with high SS
were significantly older and more commonly had DM.
Subjects with low eGFR was higher in the high SS group.
Subjects with low SS had a significantly higher median
APV compared to the high SS subjects [55.0 (45.0-62.0)
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cm/s vs 39.0 (32.0-51.7); P<0.001] (Fig. 2). The high SS
group had augmented CIMT measurements (0.86 + 0.24
vs. 0.74 = 0.21 mm, respectively; P<0.001) compared to
the low SS.

APV was negatively associated with the CIMT
(r=-0.239, P<0.001), age (r=-0.188, P=0.006) , and SS
(r=-0.561, p<0.001) but positive with the LVEF (r=0.163,
P=0.017).

Accordingly, the APV (OR, 0.913; 95% CI, 0.886-
0.941; P<0.001), CIMT (OR, 1.017; 95% CI, 1.002-1.033;
P=0.029), age (OR, 1.056; 95% CI, 1.027-1.087; P<0.001),
DM (OR, 3.034; 95% CI, 1.374-6.702; P=0.006), and
LDL cholesterol (OR, 1.014; 95% CI, 1.002-1.026;
P=0.027) were identified as independent identifiers of
high SS (Table 2).

DISCUSSION

In this report, APV, CIMT, advanced age, LDL cho-
lesterol level, and presence of DM were shown to inde-
pendently determine CAD severity as assesed by SS in
patients with suspected CAD. Furthermore, we found a
significant correlation between the CIMT, a marker of
subclinical atherosclerosis, and the APV. To our knowl-
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Table 2. Predictors of high SS.

Variables Wald OR (95% CI) P

Step 1 (baseline model)
Age 12.873 1.057(1.025-1.089) <0.001
Gender 0.607 1.483(0.551-3.993) 0.436
Presence of DM 5.390 2.638(1.163-5.984) 0.020
BMI 0.389 1.022(0.954-1.096) 0.533
LVEF 0.637 0.980(0.933-1.030) 0.425
eGFR<60 0.736 1.797(0.471-6.861) 0.391
LDL cholesterol 5.890 1.015(1.003-1.028) 0.015
HDL cholesterol 0.888 0.977(0.929-1.026) 0.346
CIMT 4.173 1.016(1.001-1.032) 0.041
APV 31.659 0.915(0.887-0.944) <0.001

Step 6 (final step)
Age 14.082 1.056(1.027-1.087) <0.001
LDL cholesterol 4.905 1.014(1.002-1.026) 0.027
Presence of DM 7.536 3.034(1.374-6.702) 0.006
CIMT 4.767 1.017(1.002-1.033) 0.029
APV 34.065 0.913(0.886-0.941) <0.001

APV, aortic propagation velocity; BMI, body mass index; CIMT, carotid-intima media
thickness; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HDL,
high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left ventricular ejection
fraction.
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Fig. 2. APV values from low and high SS groups. APV, aortic propagation velocity.
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edge, we are the first to report the association with APV
and CAD severity in patients with SAP.

The SS scores atherosclerotic lesion characteristics
and coronary artery anatomy and reflects complexity
grade and severity of atherosclerosis!?. SS has been docu-
mented to independently predict mortality/major adverse
acute and long-term cardiovascular events'"'2, Thus, pre-
diction of a high SS in patients with SAP before CAG
is important in terms of determining appropriate treat-
ment options and for prediction of adverse cardiovascular
complications'*". Specific complications, such as diffuse
coronary atherosclerosis and severe vascular calcifica-
tion, have been more commonly observed in the elderly.
Additionally, patients with DM have an increased athero-
sclerotic burden, increased multi-vessel disease rate, and
higher numbers of severe lesions'>'®. The higher SS ob-
served in elderly and diabetic patients can be explained by
these pathological changes. As a new result, we observed
that the APV is an independent risk factor for a high SS.
Mounting reports have suggested that aortic atheroma
may help identify generalized atherosclerosis'®?°. Fazio et
al.”! showed that atherosclerotic plaques in the thoracic
aorta were indicators of CAD. Another report demonstrat-
ed that aortic plaques imaged by trans-oesophageal echo-
cardiography had a 93% sensitivity and 82% specificity for
significant CAD (ref.??). Atherosclerosis has been shown
to escalate arterial resistance by a thickened and stiffened
arterial wall. The APV decreases due to the increased
resistance that develops secondary to atherosclerosis in
the descending thoracic aorta. Thus, the APV decreases
as the severity of the atherosclerosis in the descendent
aortic artery increases. Clinical use of trans-oesophageal
echocardiography for risk determination in patients with
CAD in daily practice is not feasible. However, the APV
is an easy and simple echocardiographic parameter that
can be used to assess the involvement of atherosclerosis
in the thoracic aorta. Simsek et al.?® reported that DM
may be linked to subclinical atherosclerosis as determined
by the APV and CIMT and that the APV is correlated
significantly and inversely with CIMT. In another study,
the APV had the highest ability to predict CAD among
the clinical and echocardiographic variables. An APV of
less than or equal to 41 cm/s had a 82.4% sensitivity and
97.2% specificity for predicting CAD (ref.?®). Similarly,
Sen et al.>* indicated that APV was reduced in 51 CAD
subjects in comparison to 42 patients without CAD. The
APV was correlated with aortic stiffness parameters and
the CIMT. They also used the Gensini score to assess
CAD complexity/severity and did not identify any rela-
tionship among the APV, Gensini score, and/or number
of affected coronary arteries. It can be asserted that the
lack of statistically significant correlation in the afore-
mentioned report was related to with the small patient
cohort. SS provides better information about the com-
plexity of CAD than does the Gensini score!?. Similarly,
Ghaderi et al.” showed that APV is decreased in 38 CAD
patients and is associated with the presence and severity
of CAD. In the present study, we used the SS to assess
CAD severity/complexity. Although the ranges of APV
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values were similar between the high and low SS groups,
patients with low SS had a significantly higher median
APV compared to the high SS patients. Furthermore, we
found that APV and SS were independently associated in
our larger patient population.

An increased CIMT is a measure of subclinical ath-
erosclerosis and has been linked to enhanced develop-
ment of CAD in asymptomatic patients?®. Korkmaz et
al.® demonstrated a significant association with the CIMT
and SS. Similarly, our study determined that CIMT was
an independent predictor of a high SS. Additionally, we
observed that APV had a negative correlation with CIMT,
a known indicator of atherosclerosis.

It is well known that increased CAD severity is linked
to unfavorable acute/long-term cardiovascular complica-
tions'2, Using noninvasive techniques to predict CAD
severity, at risk patients for increased cardiovascular com-
plications can be identified early. APV and CIMT, which
are non-invasive, safe, and inexpensive, may be useful for
predicting severity of CAD. Additionally, APV and CIMT
may be useful for non-invasive cardiovascular patient risk
assessment, management, and prevention.

Study Limitations

Our study has several limitations. First, our sample
size was small. Secondly, the suprasternal image quality
of some patients did not allow for clear measurement of
the APV. Third, our study was only comprised of SAP
patients and excluded subjects with acute coronary syn-
drome. Finally, our analyses did not involve long-term
events.

CONCLUSIONS

The present study results indicate that a lower of APV,
increased CIMT, advanced age, LDL-C, and presence of
DM are independent predictors of CAD severity in sub-
jects with stable CAD. We found that the APV is signifi-
cantly correlated with CIMT. We suggest that a reduction
in APV, an indicator of subclinical atherosclerosis, may
independently determine the severity of atherosclerotic
CAD in SAP patients. More large-scale prospective study
is needed to delineate APV as a screening marker for sub-
jects with severe atherosclerotic CAD.
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