
Abstract. – BACKGROUND: To improve clini-
cal outcomes, noninvasive imaging modalities
have been proposed to measure and monitor
atherosclerosis. Endothelial dysfunction is con-
sidered the first stage in the development of ath-
erosclerosis. Brachial artery flow-mediated di-
latation (FMD) has been impaired in patients
with coronary slow flow (CSF). Recently, color M-
mode derived propagation velocity of descend-
ing thoracic aorta (aortic propagation velocity-
AVP) was shown to be an ultrasonographic
marker for atherosclerosis.

AIM: To assess endothelial function in pa-
tients with CSF and the correlation of AVP with
FMD.

MATERIALS AND METHODS: FMD and AVP
were measured in 90 patients with CSF and 39
patients having normal coronary arteries (NCA)
detected by coronary angiography.

RESULTS: Compared to patients with normal
coronary arteries patients having CSF had sig-
nificantly lower AVP (39.1±8.4 vs. 53.7±12.7 cm/s,
p < 0.001) and FMD (5.6±3.2 vs. 17.6±4.4 %, p <
0.001) measurements. There were significant
correlations between AVP and FMD (r = 0.524, p
< 0.001).

CONCLUSIONS: Transthoracic echocardio-
graphic determination of color M-mode propaga-
tion velocity of descending aorta is a simple
practical method and correlates well with coro-
nary slow flow and brachial endothelial function.
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Introduction

Coronary slow flow (CSF) is a phenomenon
characterized by delayed opacification of coro-
nary arteries in the absence of epicardial occlu-
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sive disease, in which many etiological factors
such as microvascular and endothelial dysfunc-
tion and small vessel disease have been implicat-
ed1-6.

In an effort to improve clinical outcomes, non-
invasive imaging modalities have been proposed
to measure and monitor atherosclerosis. Endothe-
lial dysfunction is considered the first stage in
the development of atherosclerosis and other car-
diovascular diseases5. The status of the vascular
endothelium may, therefore, serve as a marker of
inherent atherosclerotic risk in an individual. It
has been reported that an impaired brachial artery
flow-mediated dilatation (FMD) may reflect a
vascular phenotype prone to atherosclerosis5,7.
Atherosclerosis is a generalized disease that, al-
though mainly manifested in medium-sized ves-
sels, also present in the great vessels, such as the
thoracic aorta. Atherosclerosis leads to increased
arterial resistance through thickening and stiffen-
ing of the arterial wall. Increased aortic resis-
tance secondary to atherosclerosis may be re-
flected with a decrease in flow propagation speed
within the arterial lumen. Recently, we have
shown that color M-mode derived propagation
velocity of descending thoracic aorta (AVP) was
associated with coronary artery disease (CAD)8.
Several studies have investigated the relationship
between coronary slow flow phenomenon and
endothelial dysfunction as a probable etiology
and brachial endothelial function assessed by
flow mediated dilatation of brachial artery has
been found to be associated with CSF9,10.

Although we have previously found a signifi-
cant association between AVP and FMD in pa-
tients with coronary artery disease11 the situation
might not be same in patients with CSF. In this
study, we investigated the association of FMD
and AVP in patients with CSF.
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Figure 1. Measurement of descending aorta propagation velocity (AVP): in a patient with coronary slow flow (A) and in a pa-
tient with normal coronary arteries (B).
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Materials and Methods

Ninety patients with angiographically proven
CSF but otherwise normal epicardial coronary ar-
teries and 39 healthy subjects were selected from
patients who had undergone diagnostic coronary
arteriography because of suspected coronary
artery disease and were found to have normal
epicardial coronary arteries other than CSF.
Coronary slow flow was defined according to the
TIMI frame count (TFC) method, and the sub-
jects with a TFC greater than 2 standard devia-
tions (SD) from the published normal range for
the particular vessel were accepted as having
CSF12. Patients with a history of congestive heart
failure, coronary artery disease including spasm,
plaque, or ectasia, valvular heart disease, hyper-
thyroidism, chronic obstructive pulmonary dis-
ease, ventricular preexcitation, atrioventricular
conduction abnormalities and those taking med-
ications known to alter cardiac conduction were
excluded from the study. The study had been ap-
proved by the hospital Ethic Committee. All par-
ticipants were informed about the study and their
consents were obtained.

Transthoracic Echocardiographic
Examination

The echocardiographic examination was per-
formed at rest, with the patient in the left lateral de-

cubitis position, using a commercially available
echocardiographic device (Vivid 3, General Elec-
tric) with a 3.0 MHz transducer according to estab-
lished standards13, by two experienced echocardio-
graphers who were blinded to the clinical data and
ongoing therapy. From suprasternal window, at
supine position, color M-mode Doppler recordings
were obtained with the cursor parallel to main flow
of direction in descending aorta. Color Doppler
Nyquist limit is adapted to 30-50 cm/s and switch-
ing to M-mode with recorder sweep rate of 200
mm/s, an M-mode spatio-temporal velocity map
with the shape of a flame is displayed (Figure 1). If
the slope of flame was unclear baseline shifting
was used to change the aliasing velocity until a
clear delineation of isovelocity slope was seen.
Aortic flow propagation velocity was then calculat-
ed from dividing the distance between points corre-
sponding to the beginning and end of the propaga-
tion slope, to the duration between corresponding
time points. Thus, AVP corresponds to the velocity
at which the flow is propagating down the artery.
Mean of at least three measurements was recorded
as AVP value.

Assessment of Brachial Artery
Flow-Mediated Dilatation

For the assessment of endothelial function
flow-mediated dilatation of the brachial artery
was measured14. All groups were abstained from
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ables as numbers and percentages. Differences
between independent groups were assessed by
Student’s t-test for normally distributed quantita-
tive variables and Mann-Whitney’s U-test for
variables without normal distribution and Chi-
square test for qualitative variables. Pearson cor-
relation analysis was used to assess the correla-
tions between variables. All tests were performed
in the SPSS for Windows, version 10.0. All re-
sults were considered statistically significant at
the level of p < 0.05.

Results

The distributions of sex, age, smoking, body
mass index and lipid parameters were similar be-
tween the study groups, LDL-cholesterol was
slightly higher in patients with CSF but the dif-
ference did not reach statistical significance.
Compared to patients with normal coronary ar-
teries mean TFC level was significantly higher
and AVP and FMD levels were significantly low-
er among patients having CSF (Table I). There
were significant correlations between AVP and
FMD (r = 0.524, p < 0.001) (Figures 2 and 3).

Discussion

In this study, we found that AVP measured by
transthoracic echocardiography is decreased in
patients with CSF and significantly correlated
with FMD.

caffeine containing drinks for at least 12 h. They
were kept in supine position in a stable room
temperature between 20 and 25°C during the ul-
trasonographic examination. In order to best vi-
sualize the brachial artery, the arm was comfort-
ably immobilized in the extended position and
brachial artery was scanned in the longitudinal
section 3-5 cm above the antecubital fossa. After
optimal transducer positioning, the skin was
marked for reference for later measurements and
arm was kept in the same position throughout the
study. All measurements of the brachial artery lu-
men diameter were assessed at the end-diastole
(timed by the QRS complex) and were calculated
as the average of the measurements obtained dur-
ing three consecutive cardiac cycles. After
recording baseline measurements, the cuff was
inflated to 200 mmHg (or 50 mmHg higher than
systolic blood pressure) for 5 min to create a
transient forearm ischemia. Subsequently, the
cuff was deflated and the arterial diameter was
measured at 30, 60, 90 and 180 s after deflation.
The maximum diameter in any of these measure-
ments was used in the calculation of FMD ac-
cording to the following formula: (maximum di-
ameter during reactive hyperemia- diameter at
baseline) × 100 / (diameter at baseline).

The intra- and inter-observer variations were
less than 10% for AVP and FMD, less than 5%
for CIMT and all were nonsignificant.

Statistical Analysis
Quantitative variables are expressed as

mean±standard deviation and qualitative vari-

Coronary slow flow Normal coronary arteries
(n=90) (n=39) p value

Male sex 39 (43.3%) 21 (53.8%) 0.064
Hypertension 7 (7.7%) 0 0.073
Diabetes mellitus 3 (3.3%) 0 0.249
Smoking 36 (40%) 12 (30.8 %) 0.351
Age (years) 53.9 ± 9.9 49.9 ± 8.7 0.087
BMI (kg/m2) 24.6 ± 3.3 23.7 ± 2.6 0.163
Total cholesterol (mg/dL) 182.6 ± 38.8 186.9 ± 24.9 0.236
Triglyceride (mg/dL) 180.1 ± 113.5 157.2 ± 49.2 0.633
LDL-cholesterol (mg/dL) 102.4 ± 22.9 94.1 ± 22.7 0.079
HDL-cholesterol (mg/dL) 40.9 ± 9.2 43.7 ± 9.6 0.147
Mean TFC 51.4 ± 12.7 25.3 ± 5.4 < 0.001
AVP (cm/s) 39.1 ± 8.4 53.7 ± 12.7 < 0.001
FMD (%) 5.6 ± 3.2 17.6 ± 4.4 < 0.001

Table I. Clinical and echocardiographic findings of the study population.

CAD: Coronary artery disease, BMI: body mass index, LV: Left ventricular, DT: mitral inflow deceleration time, IVRT: Iso-
volumetric relaxation time, AVP: Color M-mode propagation velocity of descending thoracic aorta, CIMT: Carotid intima-me-
dia thickness, FMD: Flow-mediated dilatation.
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It is known that in patients detected with SCF,
FMD is significantly impaired compared to the
patients with normal coronary flow10. The assess-
ment of flow-mediated dilatation (FMD) of the
brachial artery has been widely used as a simple
and non-invasive method of determining en-
dothelial function14. It has been shown that FMD
is decreased in patients with coronary risk
factors15,16, CSF10 and that FMD correlates with
invasive testing of coronary endothelial function
as well as severity and extent of coronary athero-
sclerosis17.

Systemic endothelial function reflects the
propensity of arteries to develop atherosclerosis
in response to exposure to cardiovascular risk fac-
tors18. Atherosclerosis leads to increased arterial
resistance through thickening and stiffening of the
arterial wall. Because the increased aortic resis-
tance acts in a manner to decrease the flow propa-
gation speed within the arterial lumen, a similar
decrease in aortic flow propagation with in-
creased downstream resistance is logical. In a re-
cent study, we have evaluated aortic strain, aortic
distensibility, aortofemoral pulse wave propaga-
tion velocity (PWPV) and AVP in 127 patients
undergoing coronary angiography. We have found
that among clinical and echocardiographic vari-
ables AVP was the most significant predictor of
CAD and an AVP value of ≤ 41 cm/s, predicted
CAD with 82.4 sensitivity and 97.2% specificity

(positive predictive value 98.7% and negative pre-
dictive value 68.2%)8. AVP was also useful to im-
prove diagnostic accuracy of exercise electrocar-
diography test19. We have also found significant
associations between AVP and carotid intima me-
dia thickness (CIMT) and FMD in patients having
significant coronary atherosclerosis10 or subclini-
cal atherosclerosis20. In this study we found a sig-
nificant association of AVP with FMD in patients
with CSF not having significant coronary athero-
sclerotic involvement.

Improved noninvasive assessment of global
cardiovascular risk is valuable in many situa-
tions. Measurement of AVP is an easy and practi-
cal method and it may be used in patients re-
ferred for noninvasive cardiovascular examina-
tion, to improve cardiovascular risk estimation
and for better selection of high-risk individuals
for additional exams and for institution of pre-
ventive measures. This method might improve
patient selection for primary prevention of ather-
osclerosis, with a favorable impact on cost effec-
tiveness in cardiovascular prevention.

Conclusions

Coronary slow flow may be associated with
impaired endothelial function assessed by AVP
measured by transthoracic echocardiography and
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Figure 2. Error bar of AVP and FMD in patients with and
without coronary slow flow, AVP: Color M-mode propaga-
tion velocity of descending aorta, FMD: Flow mediated di-
latation of brachial artery, CSF: Coronary slow flow, NCA:
Normal coronary arteries, SE: Standard error.

Figure 3. Scatter plot of AVP for FMD. AVP: Color M-
mode propagation velocity of descending thoracic aorta,
FMD: Flow mediated dilatation of brachial artery.
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FMD an ultrasonographic marker of endothelial
function. Transthoracic echocardiographic deter-
mination of color M-mode propagation velocity
of descending aorta is a simple practical method
and correlates well with coronary slow flow and
brachial endothelial function.
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