
European Review for Medical and Pharmacological Sciences

912

Abstract. – OBJECTIVE: Atherosclerosis
leads to increased arterial resistance through
thickening and stiffening of the arterial wall, a
phenomenon largely known as arterial stiff-
ness. M-mode propagation velocity of the de-
scending thoracic aorta, named aortic velocity
propagation (AVP) is a novel method for the
measurement of the aortic stiffness. We aimed
to investigate the difference between early and
late values of AVP after successful primary per-
cutaneous coronary intervention (PCI) in ST-el-
evation myocardial infarction (STEMI) patients.

PATIENTS AND METHODS: A total of 103 (70
male, 67.9%) consecutive patients without a pre-
vious history of coronary artery disease, who pre-
sented with STEMI without hemodynamic com-
promise and underwent successful primary PCI
were enrolled. Transthoracic echocardiography
was performed in all patients after primary PCI at
12-24 hour in Intensive Care Unit (early measure-
ments) and three months after the discharge dur-
ing follow-up (late measurements). Doppler
echocardiography, 2D and aortic M-mode propa-
gation velocity measurements were recorded.
Haematological and serum biochemical parame-
ters of the study group were recorded.

RESULTS: There were no statistically signifi-
cant differences in 2D echocardiography mea-
surements between early and late evaluations.
AVP values increased during 3 months follow-
up in all patients. Mean AVP values were 33.7±
11.6 cm/sn and 44.4±10.5 cm/sn at early and
late measurements, respectively (p<0.001).
There were significant correlations between dif-
ferences of AVP and neutrophil-lymphocyte ra-
tio between early and late measurements.

CONCLUSIONS: We demonstrated for the
first time that AVP values could improve after
successful treatment in STEMI patients. The in-
crement in AVP values was closely correlated
with a decrement in neutrophil lymphocyte ra-
tio. It can be postulated that AVP has strong
correlations with the inflammatory markers.
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Introduction

Ischemic heart disease is the major cause of
mortality worldwide. Major clinical presenta-
tions of ischemic heart disease include stable
angina pectoris, acute coronary syndromes,
chronic ischemic cardiomyopathy, congestive
heart failure, and sudden cardiac arrest. ST-ele-
vation myocardial infarction (STEMI) is a clini-
cal syndrome described by characteristic symp-
toms of myocardial ischemia in association with
persistent electrocardiographic ST elevation and
subsequent release of biomarkers of myocardial
necrosis1. The characteristic initiating event of
acute coronary syndrome is the coronary plaque
rupture or fissure2.
Atherosclerosis is a multifactorial and chronic

disease, which also displays heterogeneity. Initi-
ating event of the atherosclerosis is endothelial
dysfunction3. Progression of atherosclerosis caus-
es stiffening of the arterial wall and decrease in
aortic distensibility and aortic strain. Therefore,
atherosclerosis causes aortic stiffness. Higher
aortic stiffness is associated with an increased
risk for the first cardiovascular event4. To evalu-
ate aortic stiffness, various parameters including
aortic strain, aortic distensibility, augmentation
index and pulse wave velocity were used in the
previous studies5. Gunes et al6 highlighted the
importance of aortic propagation velocity and its
usefulness for the detection of aortic stiffness, as
well as prediction of coronary artery diseases
(CAD). Sen et al7 reported that there was a sig-

2016; 20: 912-918



nificant relationship between aortic propagation
velocity, aortic strain, and aortic distensibility.
Aortic velocity propagation (AVP) was found to
be useful in improving the diagnostic accuracy of
exercise electrocardiography8. Gunes et al9 re-
ported that hypertensive patients had decreased
AVP and flow-mediated dilatation (FMD) val-
ues, and increased carotid intima media thickness
(CIMT), and AVP were directly correlated with
FMD. They showed the decrement in AVP and
Ankle-Brachial Index values, and their direct
correlation one another in patients with isolated
hypertension. All of the previous studies on AVP
were performed in patients with stable CAD or
patients without overt CAD. To the best of our
knowledge, AVP has never been investigated in
patients with acute coronary syndromes and also
it is not known whether AVP values can change
after treatment.
The purpose of this study is to investigate the

difference between early and late values of AVP
after successful primary percutaneous coronary
intervention (PCI) in STEMI patients.

Patients and Methods

Characteristics of Patients
A total of 103 patients (70 men, 67.9%) who

presented with STEMI and undergone successful
primary PCI were enrolled prospectively in this
study. All patients had no prior history of heart
disease. Exclusion criteria were moderate or se-
vere valvular stenosis or regurgitation, cardiomy-
opathy, atrial fibrillation/flutter, ventricular ar-
rhythmias, congenital heart diseases, aortic
aneurysms, presence of >50% stenosis in coro-
nary arteries unrelated to the infarct, unsuccess-
ful primary PCI, presence of critical stenosis at
Left Main Coronary Artery, right ventricular
Myocardial Infarction (MI) at admission, and
pulmonary edema/shock at admission and during
Intensive Care Unit. The study conformed to the
standards set by the Declaration of Helsinki, and
ethical approval was obtained from Medical Eth-
ical Committee of Fırat University (Reference
No: 02/12/2014-20-14). A written informed con-
sent was obtained from each participant.

Coronary Angiography and Primary PCI
Selective coronary angiography was per-

formed and patients who had a total thrombotic
occlusion in one coronary artery were enrolled in
the study. None of the participants had more than
50% stenosis in their coronary arteries other than

culprit vessel. A successful primary percutaneous
intervention was performed in all patients. None
of the patient’s received thrombolytic therapy be-
fore primary PCI. Tirofiban infusion (IV) was
initiated in catheterization laboratory after pas-
sage of Percutaneous Transluminal Coronary
Angioplasty guidewire distal to the culprit lesion
and was continued for 18-24 hours.

Transthoracic Echocardiography
The transthoracic echocardiography (TTE)

examination was performed 12-24 hours after
primary PCI in Coronary Care Unit. Second
TTE examination was performed three months
later. The transthoracic echocardiographic ex-
amination was performed at rest in the left later-
al decubitus position, using an echocardio-
graphic device (Vivid 7, General Electric, Mil-
waukee, WI, USA) with a 2.5-3.5 MHz trans-
ducer, by a single experienced operator who
was blinded to the clinical data. Echocardio-
graphic examinations were performed in accor-
dance with recommendations and standards of
current guidelines10. Ejection fraction, left ven-
tricular and left atrial diameters were measured.
The pulsed Doppler sampling volume was
placed between the tips of the mitral valve
leaflets. Early diastolic flow (E), atrial contrac-
tion (A), E/A ratio, and deceleration time (DT),
isovolumetric relaxation time (IVRT) were
measured. Mitral annulus velocity was recorded
by tissue Doppler imaging, mitral lateral and
medial annulus motions were analyzed from
apical views. E’, A’, and S’ values were mea-
sured.
AVP is a marker of arterial stiffness6. It re-

flects the elastic characteristics of the vessel
wall. From a suprasternal window at a supine po-
sition, the descending aorta was viewed, and col-
or M-mode Doppler recordings were obtained
with the cursor located at the center of the lumen
and parallel to the direction of main flow in de-
scending aorta. Color Doppler Nyquist limit is
adapted to 30-50 cm/s and M-mode with
recorder sweep rate was set to 200 mm/s, an M-
mode spatiotemporal velocity map was viewed6.
During the TTE examination, patient’s systolic
and diastolic blood pressures, as well as heart
rate values were measured.

Statistical Analysis
Data were demonstrated as mean ±SD for nor-

mally distributed continuous variables, median
(minimum-maximum) for skew-distributed con-
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tinuous variables, and frequencies for categorical
variables. Means of normally distributed continu-
ous variables were compared by ANOVA. Skew-
distributed continuous variables were compared
by Mann-Whitney U test. Fischer’s exact and
Pearson’s chi-square tests were used to compare
categorical variables. Pearson r correlation was
used to measure the degree of relationship be-
tween the two variables. For all statistics, a two-
sided p-value <0.05 was considered to be statisti-
cally significant.

Results

One hundred and three consecutive patients
were enrolled in this study. The mean age of
study subjects was 56.8±9.8 years (range 34-76
years). Mean “angina to primary PCI” time was
170.4±118.2 minutes. Table I shows the basal
characteristics of the patients at admission and
Table II shows some characteristics both at ad-
mission and 3-month follow-up. There was a sig-
nificant difference between first and second total
cholesterol and LDL cholesterol levels. Fasting
glucose and creatinine levels were not signifi-
cantly different between two measurements.
There were no differences between the

echocardiographic measurements in terms of LV
and LA dimensions and aortic diameters (Table
III). Left ventricular ejection fraction increased
significantly at 3 months. There were no signifi-
cant differences in Doppler echocardiography
measurements, except for IVRT. Second IVRT
values were significantly lower than the first val-
ues (103.7 ms vs. 95.7 ms, respectively p<0.001).
Vital signs (blood pressure, and heart rate) of pa-
tients during echocardiographic assessment were
not different between two measurements.
Mean AVP value was 33.7±11.6 (cm/s) at ad-

mission and 44.4±10.5 (cm/s) at 3-month follow-
up, respectively (p<0.001) (Figure 1). Initial
mean neutrophil lymphocyte ratio (NLR) was
6.2±5.0 and it was 2.8±1.2 at 3 months follow-up
(p<0.001). A significant correlation was found
between mean AVP values and NLRs both at ad-
mission (r= -0.61, p<0.01) and at 3rd month fol-
low-up (r= -0.59, p<0.01).

Discussion

Endothelial dysfunction is considered to be the
first stage in the development of atherosclerosis11.
Progression of atherosclerosis increases the thick-

Age (years) 56.8±9.8
Men 70 (67.9%)
Body mass index (kg/m2), mean±SD 28.2±4.2
Hypertension 51 (49.5%)
Diabetes mellitus 25 (24.3%)
Current smokers 57 (55.3%)
Hyperlipidemia 25 (24.3%)
Medications at discharge
Beta blockers 94 (91.3%)
Calcium channel blockers 6 (5.8%)
ACE inhibitör/ARB 103 (100%)
Statins 89 (86.4%)
Acetylsalicylic acid 103 (100 %)
Clopidogrel 103 (100 %)
Oral antidiabetics 15 (14.6%)
Insulin 18 (17.5%)
Spironolactone 6 (5.9%)
Diuretics 5 (4.9%)

MI location
Non-anterior MI 81 (78.6%)
Anterior MI 22 (21.4%)

Culprit artery
RCA 42 (40.8%)
CX 39 (37.9%)
LAD 22 (21.4%)

Table I. The clinical and demographic characteristics of
patients (n= 103).

p: Level of significance (<0.05).

12-24th hour values 3rd month values p-value

Fasting glucose (mg/dl) 105.3±27.7 106.4±27.7 0.139
Creatinine (mg/dl) 1.04±0.47 1.02±0.43 0.537
Hemoglobin (g/dl) 13.4±1.4 13.3±1.3 0.282
Total cholesterol (mg/dl) 200.1±33.7 167.0±26.2 0.001
LDL cholesterol (mg/dl) 112.9±28.8 96.4±24.7 0.001
Neutrophil lymphocyte ratio 6.2±5.0 2.8±1.2 <0.001

Table II. Laboratory measurements at 12-24th hours and at 3rd month.
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ness of tunica media12. As the aorta gets stiffer and
thicker; aortic distensibility decreases. As the ar-
teries get thicker, arterial resistance increases. In
recent years, several methods for the assessment
of arterial stiffness have been described, including
the home arterial stiffness index, the ambulatory
arterial stiffness index, the central and peripheral
augmentation index, and the pulse wave velocity.
Overall, carotid-femoral pulse wave velocity mea-
surement is considered to be the gold standard
technique for this approach13. Previous studies14,15
have shown that aortic stiffness was assosiated
with CAD. Aortic stiffness is predictive of all-
cause and cardiovascular mortalities, coronary

events, and fatal strokes in patients with uncom-
plicated essential hypertension16-18, type 2
diabetes19, end-stage renal disease20,21, and elderly
population22.
AVP is a novel echocardiographic parameter

in the assessment of aortic stiffness. Gunes et al6
described AVP and used it for the evaluation of
aortic stiffness. The color M-mode propagation
velocity of the descending aorta was significantly
lower in patient with CAD and they stated that
AVP predicted coronary atherosclerosis more
powerfully than other methods of ultrasono-
graphic aortic stiffness measurements. They fur-
ther proposed to use this method in patient selec-

12-24th hour values 3rd month values p-value

2D echocardiography
Aort (cm) 2.63±0.29 2.60±0.28 0.224
Left atrium (cm) 3.77±0.51 3.75±0.49 0.589
LAV (ml) 29.10±13.0 27.28±10.74 0.066
LVEDD (cm) 4.96±0.55 4.98±0.55 0.652
LVESD (cm) 3.16±0.70 3.14±0.69 0.682
LVEDV (mL) 91.23±30.40 95.63±39.15 0.132
LVESV (mL) 39.27±23.47 39.38±23.33 0.951
IVSd (cm) 1.09±0.17 1,11±0.38 0.609
PWd (cm) 1.06±0.14 1.05±0.12 0.193
EF (%) 48.4±12.8 50.9±11.1 0.021
Doppler echocardiography
AVP (cm/sn) 33.7±11.6 44.4±10.5 <0,001
PASP (mmHg) 26.2± 3.3 25.9±2.7 0.253
E (cm/sn) 61.6±15.8 64.8±17.3 0.028
A (cm/sn) 70.9±16.1 71.0±15.4 0.946
E/A 91.2±33.7 96.3±35.7 0.120
EDT (ms) 288.0±47.4 276.2±32.5 0.015
IVRT (ms) 103.7±18.8 95.7±12.1 <0,001
LA lateral Sm velocity (cm/s) 8.9±2.7 8.7±2.8 0.622
LA lateral Em velocity (cm/s) 8.8±2.9 9.7±2.8 0.001
LA lateral Am velocity (cm/s) 11.4±3.3 10.9±3.1 0.146
LA medial Sm velocity (cm/s) 7.6±2.6 7.1±2.0 0.026
LA medial Em velocity (cm/s) 7.2±2.6 7.6±2.4 0.136
LA medial Am velocity (cm/s) 8.9±2.4 8.7±2.1 0.358
RA lateral Sm velocity (cm/s) 13.6±4.3 12.3±3.7 0.001
RA lateral Em velocity (cm/s) 9.7±3.3 9.6±3.0 0.645
RA lateral Am velocity (cm/s) 14.8±4.0 13.7±4.3 0.022
Vitals
SBP (mmHg)* 128.6±13.9 127.1±14.6 0.139
DBP (mmHg)* 78.7±11.6 80.3±7.9 0.112
HR (bpm)* 72.5±6.9 71.4±4.9 0.127

Table III. Echocardiographic measurements in 12-24th hour and 3rd month.

(*) At the time of echocardiographic measurement. A: peak mitral valve flow velocity during atrial contraction, Am: tissue
Doppler late diastolic wave, AVP: aortic flow propagation velocity, DBP: diastolic blood pressure, E: peak mitral valve flow
velocity during the early rapid filling phase, Em: tissue Doppler early diastolic wave, EDT: deceleration time of early phase of
mitral valve flow, EF: ejection fraction, HR: heart rate, IVDd: interventricular septum diameter, IVRT. isovolumetric relax-
ation time, LAV: left atrial volume, LVEDD: left ventricular end diastolic diameter, LVEDV: left ventricle end diastolic vol-
ume, LVESD: left ventricular end systolic diameter, LVESV: left ventricle end systolic volume, PASP: pulmonary artery sys-
tolic pressure, PWd: posterior wall diameter, SBP: systolic blood pressure, Sm: tissue Doppler systolic wave.



tion for primary prevention of atherosclerosis.
AVP was also useful to improve the diagnostic
accuracy of exercise electrocardiography test8.
Guntekin et al23 found significant associations
between AVP and CIMT and FMD in patients
without significant coronary atherosclerosis or
subclinical atherosclerosis. They found a signifi-
cant association between AVP and FMD in pa-
tients with slow coronary flow without signifi-
cant coronary atherosclerotic involvement.
Therefore, they suggested AVP as an indicator of
endothelial dysfunction24. Sen et al7 showed that
AVP was feasible for cardiovascular risk stratifi-
cation and selection of high-risk individuals with
CAD. In their study, AVP values were signifi-
cantly lower in the CAD group when compared
with the non-CAD group. However, CAD group
did not include acute MI patients.
In our study, we demonstrated for the first time

that AVP values could improve after successful
treatment in STEMI patients. Initial AVP values
were found to be low in the first 12-24 hours of
MI. The degree of inflammation is very high in
the early hours of myocardial infarction, with a
state of hypercoagulability, and tendency to vaso-
constriction and thrombus formation25. Histologi-
cal analysis of autopsy specimens taken from pa-
tients who died of acute coronary syndromes has
shown that unstable or ruptured atherosclerotic
plaques are characterized by the presence of foam
cells, macrophages, lymphocytes, and mast cells26.
Elevations in inflammatory markers and

changes in leukocyte subset distributions were
reported in patients with CAD27-29. Recent trials
have demonstrated the role of neutrophils in all
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Figure 1. Initial and 3-month follow-up measurements of
aortic velocity propagation (AVP).
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stages of atherosclerosis and plaque destabiliza-
tion leading to acute coronary syndromes30. Neu-
trophil counts and NLR are promising markers
for the presence and severity of CAD31-33. Neu-
trophil/lymphocyte ratios are predictors of mor-
tality and cardiovascular events in high-risk pa-
tient groups34.
There is also evidence coming from ischaemic

heart disease models that functional endothelial
abnormalities may occur as a result of neutrophil
interaction with the endothelium of coronary ar-
teries35. In our study population, the first mean
NLR was 6.2±5.0; and the second was 2.75±1.2
(p<0.001). This significant reduction might be
due to the regression of inflammation process.
Acute inflammation triggered in acute MI causes
an increase in neutrophil counts. Increased neu-
trophil counts may also accelerate endothelial ab-
normalities in acute phases of MI. In our study
population, initial AVP values were low. That
low values might be due to an activated acute in-
flammation, an increased neutrophil values and
endothelial dysfunction, as well as an increased
arterial resistance. The increased arterial resis-
tance acts to decrease the flow propagation speed
within the arterial lumen7. The decrease in vaso-
constriction and inflammation may lead to nor-
malization of the flow in the aortic lumen and al-
so the regression of the severity of endothelial
dysfunction may be the reason of elevation in
AVP values.
In our study, first mean AVP value of STEMI

patients was 33.7±11.6 (cm/s). The mean second
AVP value at third month was 44.4±10.5 (cm/s)
(p<0.001). The significant correlations between
AVP and NLR both at admission and 3-month
follow-up in the setting of STEMI made us think
that AVP is an important echocardiographic
marker for the presence of inflammation rather
than the left ventricular functions. AVP may be a
novel marker as a negative acute phase reactant
in patients with acute myocardial infarction.
The limited suprasternal images of some pa-

tients may be a handicap to the measurement of
AVP. Reproducibility of the acquisition of the
images and AVP were also limitations. On the
other hand, other modalities like FMD as in-
dicative of endothelial dysfunction could have
been applied to our patients and the association
between AVP and FMD could have been ana-
lyzed in our patients. Moreover, the number of
our study population is limited. We did not in-
clude patients with unsuccessful PCI for com-
parison of AVP values.

M. Yaman, U. Arslan, O. Beton, H.E. Pamukcu, O. Dogdu



Conclusions

We demonstrated for the first time that AVP
values could improve after successful treatment
in STEMI patients. Increments in AVP values
were closely correlated with decrements in NLR.
AVP values may be useful in monitoring MI pa-
tients in terms of determining the inflammatory
status during follow-up.
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