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Vascular Endothelial Function in Patients with Coronary Slow Flow
and the Effects of Nebivolol
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Abstract

Background: Brachial endothelial function has been associated with coronary slow flow (CSF). Increasing blood flow to
brachial artery provokes endothelium to release nitric oxide (NO) with subsequent vasodilatation. Besides its 1-blocker
activity, nebivolol causes vasodilatation by increasing endothelial NO release.

Objective: To assess the effects of nebivolol on vascular endothelial function in patients with CSF.

Methods: Forty-six patients with CSF and 23 individuals with normal epicardial coronary arteries were examined with
transthoracic echocardiography and brachial artery ultrasonography. The patients were reevaluated two months after
treatment with aspirin or aspirin plus nebivolol.

Results: Patients with CSF had higher body mass index (26.5 = 3.3 vs. 23.8 = 2.8, p < 0.001), mitral inflow isovolumetric
relaxation time (IVRT) (114.9 *+ 18.0 vs. 95.0 = 22.0 msec, p < 0.001) and lower left ventricular ejection fraction (LVEF)
(63.5 = 3.1% vs. 65.4 = 2.2, p = 0.009), HDL-cholesterol (39.4 = 8.5 vs. 45.8 = 7.7 mg/dL, p = 0.003) and brachial
flow-mediated dilatation (FMD) (6.1 = 3.9% vs. 17.6 + 4.5%, p < 0.001). There were significant correlations between
FMD and the presence of CSF (r = 0.800, p < 0.001) and HDL-cholesterol (r = 0.349, p = 0.003). Among Patients with
CSF, although pretreatment mean FMD values were similar (6.1 + 4.3% vs. 6.0 *,6%, p = 0.917) compared to aspirin
alone group, posttreatment FMD was significantly higher in patients treated with aspirin plus nebivolol (6.0 = 3.5% vs.
8.0 = 2.9%, p = 0.047). Treatment with nebivolol was associated with a significant increase in FMD (6.0 = 3.6 to
8.0 = 2.9 %, p = 0.030) whereas treatment with aspirin alone was not.

Conclusions: Endothelial function may be impaired in both coronary and brachial arteries in patients with CSF
and nebivolol may be effective in the improvement of endothelial function in patients with CSF. (Arq Bras Cardiol
2011;97(4):275-280)
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Introduction

Coronary slow flow (CSF) is a phenomenon characterized
by delayed opacification of coronary arteries in the absence of
epicardial occlusive disease, in which many etiological factors
such as microvascular and endothelial dysfunction and small
vessel disease have been implicated'.

The endothelium is of essential importance for the
maintenance of vascular tone. It participates in the regulation
of blood flow in response to changes in tissue and organ
perfusion requirements. When blood flow increases through
a vessel, the vessel dilates. This phenomenon has been
called flow- mediated dilatation (FMD). Flow-mediated
vasodilatation has been widely examined non-invasively by
ultrasound-based measurements of brachial artery vasodilatory
response to increasing blood flow reflecting shear stress
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on the vascular wall. This stimulus makes the endothelium
release nitric oxide (NO) with subsequent vasodilatation that
can be imaged and quantitated as an index of vasomotor
function®. Brachial endothelial function has also been found
to be associated with CSF”#. Nebivolol is a third-generation
highly cardioselective B1-adrenoceptor antagonist and it also
affects the L-arginine/ NO pathway, causing vasodilatation by
increasing endothelial NO release®.

This study aimed to investigate the effects of nebivolol
treatment on FMD in patients with CSF.

Methods

Forty-six patients with angiographically proven CSF but
normal epicardial coronary arteries and 23 healthy individuals
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 without CSF. Coronary slow flow was defined
according to the TIMI frame count (TFC) method, and the
individuals with a TFC greater than 2 standard deviations (SD)
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from the published normal range for the particular vessel were
accepted as having CSF'. Patients with a history of congestive
heart failure, coronary artery disease including spasm, plaque,
or ectasia, valvular heart disease, hyperthyroidism, chronic
obstructive pulmonary disease, ventricular preexcitation,
atrioventricular conduction abnormalities and those taking
medications known to alter cardiac conduction were excluded
from the study. The patients underwent echocardiography and
brachial artery ultrasound evaluation before and two months
after treatment with aspirin alone or aspirin plus nebivolol.
The study was approved by the Yuzuncu Yil University
Medical Faculty ethic committee according to the Declaration
of Helsinki and the patients gave written informed consent.

The echocardiography examination was performed at
rest, with the patient at left lateral decubitis position, using
a commercially available echocardiography device (Vivid 3,
General Electric) with a 3 MHz transducer, by two experienced
echocardiographers who were blinded to the clinical data.
Using M-mode echocardiography, long-axis measurements
were obtained distally to the mitral valve leaflets according to
current recommendations'. Left ventricular ejection fraction
was calculated via modified biplane Simpson’s method from
apical four and two chamber views. The pulsed Doppler
sampling volume was placed between the tips of the mitral
valve leaflets to obtain maximum filling velocities. Early
diastolic flow (E), atrial contraction signal (A) and E deceleration
time (DT) were measured. Isovolumetric relaxation time (IVRT)
was determined as the interval between the end of the aortic
outflow and the start of the mitral inflow signal.

Changes in right brachial artery diameter in response to
reactive hyperemia were measured using high-resolution
ultrasound system (Vivid 3, General Electric) with a 7-MHz
linear-array transducer as previously described'. After baseline
images of the brachial artery were obtained, a pneumatic
tourniquet placed around the forearm distally to the target
artery was inflated to a pressure of 250 mm Hg, and the
pressure was held for 5 minutes. Increased flow was induced
by sudden cuff deflation. A second scan was performed
continuously for 30 seconds before and for 90 seconds after
cuff deflation. Fifteen minutes later a further resting scan was
recorded to confirm the vessel recovery. Diameter of the
brachial artery was measured from the anterior to posterior
interface between the media and adventitia at the end of
diastole, incident with the R wave on a continuously recorded
ECC. Diameters for 4 cardiac cycles were determined from
images, and the measurements were averaged. The scans were
evaluated by a single observer blinded to the clinical data of
the patients. FMD was calculated as percentage increase in
arterial diameter during reactive hyperemia and was used as
an index of endothelium-dependent vasodilatation.

Statistics

Data were presented as mean =+ standard deviation (SD).
Using an SPSS package 10.0 (SPSS Inc., Chicago, Illinois,
USA) differences in mean values between groups were
assessed using Student t- test and with Mann-Whitney's
U-test for variables without normal distribution. Categorical
variables were compared by chi square test. The changes in
parameters after treatment were compared using paired t-test.

Pearson correlation analysis was used for the assessment of
relation between variables. A two-tailed p value < 0.05 was
considered significant.

Results

Coronary slow flow was observed in 3 vessels in 11 (23.9%)
patients, in 2 vessels in 21 (45.7%) patients and in one vessel in
14 (30.4%) patients. Left anterior descending artery (LAD) was
affected in 37 (80.4%) patients, circumflex artery (Cx) in 25
(54.3) patients and right coronary artery (RCA) in 28 (60.9%)
patients. Thirty-two (69.6%) patients had angina symptoms
and 14 (30.4%) had positive treadmill exercise test. Patients
with CSF had higher body mass index, IVRT and lower HDL-
cholesterol and FMD. Although it was within normal limits,
LVEF was slightly but significantly lower among CSF patients
(Table 1). There were significant correlations between FMD and
the presence of CSF (r = 0.800, p < 0.001), BMI (r = -0.381,
p = 0.001), HDL (r = 0.349, p = 0.003). Although baseline
mean FMD values were similar (6.1 + 4.3% vs. 6.0 = 3.6%,
p = 0.917), compared to aspirin alone group, posttreatment
FMD was significantly higher in patients treated with aspirin
plus nebivolol (6.0 = 3.5% vs. 8.0 = 2.9, p = 0.047).
(Table 2, Figure 1). Treatment with nebivolol was associated
with significant decrease in heart rate and significant increase
in FMD whereas treatment with aspirin alone was not (Table
2). All the patients were free of angina after treatment.

Discussion

We have found that CSF is associated with impaired
brachial artery vascular endothelial function and LV functions.
Compared with aspirin alone, addition of nebivolol to
treatment improved brachial endothelial function.

According to previous studies, we found that vascular
endothelial functions were impaired in patients with CSF7#3,
Endothelial dysfunction appears to be a generalized process
and can be detected in coronary and peripheral arteries before
the development of atherosclerosis'. Brachial artery imaging
with high-resolution ultrasound during reactive hyperemia is
an accepted method of assessing endothelium-dependent
vasomotion, and abnormalities in peripheral vasomotor
function have been correlated with the presence of coronary
arterial endothelial dysfunction’. Moreover, in patients
with microvascular angina, an impaired forearm vasodilator
response to ischemia has been observed, suggesting that
the vascular involvement is not restricted to the coronary
circulation but is part of a generalized vasomotor disturbance.

Coronary slow flow has been reported to be associated with
low LV systolic and diastolic function"" and low HDL and
high triglyceride levels'>. We have also found that compared
to control group, IVRT (a diastolic function parameter) was
longer and HDL levels were lower in patients CSF and they
were significantly correlated with FMD. Although it was within
normal limits, LVEF was slightly but significantly lower among
CSF patients in this study. However, Barutcu et al*® found no
differences in left ventricular systolic function between patients
with CSF and the control group. In another study, Sezgin et
al'” found diastolic filling abnormalities but normal LV systolic
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function in patients with CSF. We have also found that patients
with CSF had impaired diastolic and regional LV functions®'.

Diastolic dysfunction without systolic dysfunction may
appear at an early stage of myocardial ischemia in patients
with coronary artery disease, compatible with the fact that left
ventricular diastolic functions are more susceptible to ischemia
than systolic functions®. Several studies have demonstrated
that CSF is associated with myocardial ischemia, but data are
limited on how the left ventricular functions are affected by this
disease****. The association between low HDL and endothelial
dysfunction has been documented?* and in patients with CSF
reduced brachial, FMD was found to be associated with low
HDL levels'.

Previous studies have suggested abnormally high small
vessel resistance and increased microvascular tone as the
cause of CSF'#2. Sympathetic stimulation has a major
role in regulating coronary arterial tonus. Patients with CSF
had higher adrenalin and noradrenalin levels compared to
patients with normal coronary flow and TIMI frame count
was reported to be positively correlated with adrenalin and
noradrenalin levels suggesting that adrenergic hyperactivity
might have an impact on CSF pathogenesis®*. It is noteworthy
that only one third of the patients with CSF fulfilled the
criteria on a repeat angiographic study?. Although the exact
mechanism for this dynamic response is not well elucidated, it
is postulated that this dynamic increase in microvascular tone
may be due to microvascular spasm resulting in recurrence
of symptoms. Therefore, drugs acting on the sympathetic

and neuroendocrine system having coronary vasodilatory
effects may be useful in the treatment of this entity. Previous
clinical studies using coronary flow measurements suggest
that non-selective beta-adrenergic antagonists are associated
with an increase in coronary vascular resistance during
hyperemia and, therefore, reduce coronary flow reserve®?.
This phenomenon has been attributed to the unopposed
alpha-adrenergic vasomotor tone. However, selective beta-
blockers like metoprolol have been confirmed to improve
myocardial perfusion by increasing coronary flow reserve®.
Nebivolol, a highly selective beta,-adrenergic receptor-blocker
with NO-modulating properties, may be especially useful
for improving coronary flow reserve due to its vasodilating
properties on the small and large coronary arteries®. The
marked vasodilating effect of nebivolol in human coronary
microvessels is well established under in vitro conditions®'*2.
In addition, intracoronary nebivolol has been associated with
asignificant increase in coronary flow reserve both in patients
with coronary artery disease and patients with normal coronary
arteries33. Furthermore, it has been shown that nebivolol may
be effective for improvement of LV functions and symptoms
and brachial FMD in patients with CSF?°3*35, Improvement of
FMD with nebivolol in this study may be associated with the
fact that endothelial dysfunction may be a generalized process
and can be detected both in coronary and peripheral arteries.

As far as we know, there is no study investigating the
effects of aspirin in CSFE. In this study, we did not find any
improvement in FMD with aspirin. However, both patients

Comparison of the baseline clinical characteristics of the study population.

Patients with NCA (n = 23) Patients with CSF (n = 46) p value
Age, years 485+94 52,1+£10,6 0,179
Hypertension 9(19,6%) 6(26,1%) 0,550
Diabetes mellitus 0 3(6,5%) 0,546
Smoking 10 (43,5%) 17 (37,0%) 0,798
BMI, kg/m? 23828 265+33 0,001
Total cholesterol, mg/dL 188,5 26,2 185,5 + 39,4 0,748
LDL-cholesterol, mg/dL 107,9+139 115,8 £ 24,0 0,149
HDL-cholesterol, mg/dl 458 £7,7 394 +85 0,003
Triglyceride, mg/dl 161,3+51,2 178,8 £ 110,5 0,750
LAD-TFC 26,7+64 472+19,8 <0,001
Cx-TFC 257+24 52,0+19,9 <0,001
RCA-TFC 238+26 5394258 <0,001
LVEF, % 654 +22 63,5+3,1 0,009
DT, msec 210,6 +53,9 216,8+294 0,541
IVRT, msec 95,0 +£22,0 114,9 £ 18,0 <0,001
Heart rate, bpm 771+£872 775+82 0,836
FMD, % 176+45 6,1+39 <0,001

NCA - Normal coronary arteries; CSF - Coronary slow flow; LAD - Left anterior descending artery; TFC - TIMI frame count; Cx - Circumflex artery; RCA - Right
coronary artery artery; LVEF - Left ventricular ejection fraction; DT - Decelaration time; IVRT - Isovolumetric relaxation time; FMD - flow-mediated dilatation.
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treated with either aspirin alone or aspirin plus nebivolol were
free of angina after treatment. This finding may be related to
the dynamic nature of CSF. Recurrent events may be secondary

Comparison of pre- and posttreatment values of some variables in patients with CSF

to dynamic increase of microvascular spasm secondary to
microvascular spasm?. Only one third of the patients with CSF
were detected to have CSF on a repeat angiographic study>°.

Aspirin Aspirin plus nebivolol p value
Pretreatment 63,6+238 63,3+35 0,713
LVEF, %
Posttreatment 63,8+2.,7 63,4+35 0,672
Pretreatment 2226 +315 211,0 £ 26,6 0,184
DT, msec
Posttreatment 2205+ 27,1 2124 £285 0,327
Pretreatment 118,1 £ 19,7 111,6+159 0,227
IVRT, msec
Posttreatment 115,3 £ 16,3 108,8 + 14,9 0,166
Pretreatment 775+6,2 77599 0,972
Heart rate, bpm
Posttreatment 76,3+8,7 705+ 6,2a 0,012
Pretreatment 6,1+43 6,0+3,6 0,917
FMD, %
Posttreatment 6,0+35 8.0+29 0,047

LVEF - Left ventricular ejection fraction; DT - Decelaration time; IVRT - Isovolumetric relaxation time; FMD - flow-mediated dilatation; ? p<0.001 post- vs. pretreatment,

¢ p=0.030 post- vs. pretreatment.
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Error bar for FMD; baseline and two months after treatment with aspirin or aspirin plus nebivolol. SE: Standard error, FMD: flow-mediated dilatation.
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Limitations

The small number of patients included in this study is the main

limitation. Larger and longer-term follow-up should strengthen
the value of the results. Control angiography to assess the effects
of nebivolol on TFC was not performed due to ethical concerns.

Conclusion

Endothelial function may be impaired in both coronary

and brachial arteries in patients with CSF and nebivolol may
be effective in the improvement of brachial FMD, an index
of endothelial function, in patients with CSF.
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