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Summary

Endothelial dysfunction is an independent predictor of future cardiac events.

We evaluated the relationship between flow-mediated dilation (FMD) in brachial artery and cor-
onary risk factors in 93 patients (70 males, mean age: 62+8 years) with ACS treated with primary
angioplasty (PCI). The patients were divided into 2 subgroups: 43 patients with diabetes mellitus
type 2 (DM) and 50 non-diabetics (non-DM). Patients were examined on the 3 day after ACS and
after 6 months. FMD on the 3™ day were significantly lower in DM than in non-DM (5.8+2.2% us.
8.8+4.9%, p=0.0007) and after 6 months (6.2+2.6% wvs. 9.4+4.4%, p<0.0001). It was also observed
that the improvement of FMD in both groups after a 6-month follow-up inversely correlated with
the increase of left ventricular end-diastolic volume (LVEDV) (r=-0.41, p<0.001).

There was an inverse relationship between FMD and age (r=-0.26, p<0.01), BMI (r=-0.26, p<0,005),
total cholesterol (r=—0.56, p<0.001) and LDL cholesterol (r=-0.53, p<0.001). There was no rela-
tionship between triglycerides, hypertension and history of smoking. In the DM group, FMD neg-
atively correlated with HbAlc (r=-0.68, p<0.001). Restenosis rate was significantly higher in the
DM group (19% wvs. 6%, p<0.001) but there was no relationship between FMD and restenosis.

Impaired FMD is more significant in diabetics than in non-diabetic patients with ACS. Lack of im-
provement of FMD after acute coronary syndrome can be a predictor of detrimental left ventricu-
lar remodeling in patients with ACS.
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BACKGROUND

The vascular endothelium plays an integral role not only
in the regulation of vascular tone, but also in the preven-
tion and formation of thrombus and inflammation [1].
Endothelial dysfunction is associated with coronary risk fac-
tors and atherosclerosis, and it has close pathophysiological
relation with acute coronary syndromes [2,3]. Endothelial
dysfunction has been shown in patients with documented
atherosclerosis, but it is also an early step in the pathogen-
esis of the atherosclerotic cascade [4,5]. Among various
methods of assessing endothelial function, endothelium-
dependent flow-mediated dilation is a non-invasive, highly
reproducible, simple method based on high sensitivity ul-
trasound waves [4,6,7].The left ventricular remodeling is
a gradual change in the left ventricular size, morphology
and function induced by the myocardial mechanics, neuro-
hormones and genes after infarction [8,9]. It begins sever-
al hours after infarction and becomes severe 2 weeks after
infarction and continues to proceed, and is associated with
higher mortality and higher incidence of heart failure [8,10].

This study evaluated the relationship between flow-medi-
ated dilation in brachial artery and coronary risk factors
in diabetic and non-diabetic patients with acute coronary
syndromes (ACS).

MATERIAL AND METHODS

Patient population

Ninety-three patients with troponin-positive ACS,
ST-elevation, and non-ST elevation myocardial infarction
treated with primary angioplasty with bare-metal stent im-
plantation (PCI) (70 males, 23 females), ages 46-75 years
(mean: 62+8), were recruited. Diagnosis of ACS was con-
firmed angiographically as >70% stenosis in at least 1 major
epicardial coronary artery, which was qualified for PCI. The
patients were divided into 2 subgroups: 43 patients with di-
abetes mellitus type 2 and 50 non-diabetics. Diabetes melli-
tus (DM) diagnosis was established as a previous history of
DM, use of antidiabetic agents, or on the basis of positive
oral glucose tolerance test performed 1 month after ACS.
All study subjects underwent a complete physical examina-
tion, biochemical tests, and echocardiography. Vascular en-
dothelial function was measured in the brachial artery by
flow-mediated dilatation (FMD) technique. Patients with cor-
onary artery narrowing not suitable for PCI with not com-
pletely successful (TIMI III) blood flow after PCI, using a
drug eluting stent, with left ventricular dysfunction (ejec-
tion fraction <45%) or past myocardial infarction, were ex-
cluded from the study. The study protocol was approved by
the local Ethics Committee.

Echocardiographic and vascular study

All patients were examined on the third day after ACS, and
follow-up appointments were scheduled 3 and 6 months after
ACS. Doppler echocardiography was performed according
to The American Society of Echocardiography guidelines,
using Siemens Sequoia C512 equipment (Accson Simens,
Mountain View, CA, USA). FMD was accomplished accord-
ing to the guidelines for sonographic assessment of endo-
thelial-dependent flow-mediated vasodilation of the brachial

artery [11]. Right brachial artery diameter was measured
with an 8.0 MHz transducer. Scans were taken at rest, dur-
ing reactive hyperemia (FMD flow-mediated dilation: en-
dothelial-dependent stimulus to vasodilatation), then again
at rest and after sublingual nitroglycerin (NTG: endotheli-
um-independent vasodilatation). The skin was marked and
arterial flow velocity was measured at rest using a pulsed
Doppler signal. Blood flow through the brachial artery was
altered with a sphygmomanometer cuff placed on the fore-
arm 5-8 cm distal to the site of brachial artery measurement.
By inflating the cuff to 250 mmHg, the distal circulation
was stopped and the flow through the brachial artery was
reduced. By deflating the cuff after 5 min of inflation, the
flow through the brachial artery increased (reactive hyper-
emia). The brachial artery diameter was measured 60 s after
cuff deflation, and 10 min later the second rest scan was re-
corded. Nitroglycerin (0.5 mg) was then administered sub-
lingually, and the artery was scanned 5 min later. All imag-
es were analyzed by the same physician who was unaware
of the clinical details. Artery diameter measurements were
made at end-diastole (peak of R wave on electrocardiogram)
using electronic calipers. Five cardiac cycles were analyzed,
and measurements were averaged. Brachial artery diameter
measurements after reactive hyperemia were taken 60 s af-
ter cuff deflation. FMD and NTG were calculated as follows:

VDhyperemia = VD

FMD = x100%
V. ) ’
_ (VD - VD o
NTG = (7VD - )x100%
where: VDhypmemi;i — brachial artery diameter after cuff de-

flation, VD, - brachial artery diameter at rest, VD, - bra-
chial artery diameter after nitroglycerin. *

Biochemical tests

Lipid parameters (serum cholesterol, HDL cholesterol,
LDL cholesterol, triglycerides) and glycated hemoglobin
(HbAlc) were obtained using routine laboratory methods.

Statistical analysis

Statistical analyses were performed with StatsDirect statisti-
cal software (England: StatsDirect Ltd. 2008). Continuous
variables are displayed as mean + standard deviation and
categorical variables were displayed as percentage. The
Shapiro-Wilk test revealed non-normal distribution. Mann-
Whitney U test, Wilcoxon rank test and Pearson correlation
test were performed. The value of p<0.05 was considered
as statistically significant.

RESULTS

Demographic characteristics of the study population are
presented in Table 1.

The values of FMD on the day 3 after ACS were significantly low-
er in patients with DM than in patients without DM (5.8+2.2%
vs. 8.8+4.9%, p=0.0007), and this relationship was also signifi-
cant after 6 months (6.2+2.6% vs. 9.4+4.4%, p<0.0001) (Figure
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Table 1. Demographic characteristics of the study population.

DM (n=43) Non-DM (n=50) p value

Age (years) 61+8 62+8 ns
BMI (kg/m?) 31.2+43 30.7+4.6 ns
History of smoking (%) 78% 76% ns
Hypertension (%) 68% 66% ns
LVEF (%) 50.243.3 50.5+3.7 ns
TG level (mmol/I) 1.8120.83 1.7620.98 ns
TClevel (mmol/1) 6.39+1.33 6.29+1.23 ns
LDL-Clevel (mmol/l) 4.48+1.19 417+1.12 ns
HDL-C level (mmol/I) 0.91+0.76 0.93+0.54 ns

HbATc (%) 726132 e e

BMI — body mass index; LVEF — left ventricular ejection fraction; TC — total cholesterol; TG — triglyceride; HDL-C — high-density lipoprotein-
cholesterol; LDL-C — low-density lipoprotein-cholesterol; HbA1c — glycated hemoglobin.
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Figure 1. The values of flow-mediated dilatation (FMD) on day 3 and
6 months after acute coronary syndrome in patients with
DM (DM) and patients without DM (non-DM).
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Figure 2. Negative correlation between the improvement of flow-
mediated dilatation (FMD) and left ventricular end-diastolic
volume (LVEdV) (r=—-0.41, p<0.001). delta LVEdV = LVEdV
after 6 months minus LVEdV on day 3; delta FMD = FMD
after 6 months minus FMD on day 3.

1). We did not observe any significant changes in FMD mea-
sured on day 3 after ACS and 6 months later in non-DM pa-
tients (8.8+4.9% vs. 9.4+4.4%, ns), but the patients with DM
FMD significantly improved after 6 months (5.8+2.2% vs.

Figure 3. Negative correlation between flow-mediated dilatation
(FMD) and glycated hemoglobin (HbA1c) in patients
with diabetes mellitus (r=-0.68, p<0.001). FMD 6 —
flow-mediated dilatation 6 months after acute coronary
syndrome.

6.2+2.6%, p=0.04). The improvement of FMD in both groups
after a 6-month follow-up inversely correlated with the increase
of left ventricular end-diastolic volume (LVEDV) (r=-0.41,
p<0.001) (Figure 2). There was no significant correlation be-
tween FMD and left ventricular ejection fraction 6 months af-
ter PCI. In the univariate analysis, there was an inverse relation-
ship between FMD and age (r=—-0.26, p<0.01), BMI (r=—0.26,
p<0.005), total cholesterol level (r=—0.56, p<0.001) and LDL
cholesterol level (r=—0.53, p<0.001). However, there was no re-
lationship between triglycerides, hypertension and history of
smoking. In the DM group, FMD negatively correlated with
HbAlc (r=-0.68, p<0.001) (Figure 3).

Distribution of coronary arteries undergoing PCI is present-
ed in Table 2. Clinical examination revealed coronary artery
restenosis, confirmed angiographically, in 8 patients with DM
and 3 patients without DM (Table 3). Restenosis rate was sig-
nificantly higher in the DM group (19% vs. 6%, p<0.001).
There was no relationship between FMD and restenosis.
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Table 2. Coronary artery angioplasty (PCl).

Table 3. Restenosis in coronary arteries.

DM (n=43) Non-DM (n=50) DM (n=43) Non-DM (n=50)
LAD 19 33 LAD 4 2
x N 7 x 3 0
RCA 13 10 RCA 1 1

LAD — left anterior descending artery; Cx — circumflex artery;
RCA — right coronary artery.

DiscussION

Numerous studies have investigated the relationship be-
tween endothelial dysfunction and coronary risk factors.
Most revealed a negative correlation between FMD and hy-
perlipidemia, hypertension, blood pressure, age, BMI or
smoking [6,12-14]. Our study analyzed FMD in ACS pa-
tients with and without DM, and showed that DM patients
had a significantly lower FMD during ACS than did nondi-
abetics. Previous studies have also shown that DM was an
independent factor of endothelial dysfunction [15-17]. We
observed a significant improvement of FMD 6 months after
ACS only in the DM group, but it did not change among
patients without DM.

There are only a few published studies of FMD during ACS.
Kartzis et al presented findings that impaired FMD in men
who had acute coronary syndromes without ST-segment ele-
vation was an independent predictor of future cardiovascu-
lar events such as cardiovascular death, myocardial infarc-
tion, stroke and unstable angina [18]. Similarly, Patti et al.
[19] showed that impaired FMD independently predicted
the occurrence of in-stent restenosis in patients undergoing
PCI. This was the first prospective study demonstrating that
impaired FMD is an independent predictor of in-stent re-
stenosis in patients with single-vessel CAD undergoing PCI.
Although there are several proofs of a close relationship be-
tween endothelial dysfunction and atherosclerosis [20,21],
the role of endothelium in the process of restenosis after
stent implantation is still unclear [22]. Previous studies have
found an independent correlation between coronary endo-
thelial function and risk of cardiovascular events [23], but
there are no data on the possible association between endo-
thelial dysfunction in the coronary circulation and the risk
of restenosis. In our study we did not observe any correla-
tion between in-stent restenosis and FMD. Although FMD
was significantly lower in the DM group, and we also noted
higher restenosis rate in this group, the statistical analysis
did not reveal any correlation between restenosis and FMD.
The presented relationship between FMD and different cor-
onary risk factors (eg, DM, total cholesterol, LDL cholester-
ol, BMI and age) confirmed complex, multifactor pathogen-
esis of endothelial dysfunction. On the other hand, in-stent
restenosis due to intimal hyperplasia occurs after PCI with
stent dependently on various clinical, angiographic, and
procedural features. Therefore, simple stratification of pa-
tients according to the risk of the development of in-stent
restenosis is very difficult. The mechanisms involved in the
pathogenesis of in-stent restenosis include: platelets and
inflammatory cell activation due to procedural vascular in-
jury with subsequent local release of cytokines and growth

LAD — left anterior descending artery; Cx — circumflex artery;
RCA — right coronary artery.

factors, leukocyte adherence, smooth muscle cell prolifer-
ation, and extracellular matrix synthesis [24]. FMD is pre-
dominantly influenced by NO synthesis and release from
the endothelial monolayer. In addition, FMD depends on
the local release from other endothelium-derived vasodila-
tors [25]. Hafner et al could neither observe a difference in
FMD values regarding restenosis after a 1-year observation-
al period nor confirm FMD as an independent risk factor
for restenosis in peripheral arterial disease [26].

The present study confirms the role of diabetes mellitus as
a known risk factor for restenosis. It seems that FMD could
be useful as an indicator of global cardiovascular risk in pa-
tients with coronary artery disease, rather than as a marker
of coronary stent restenosis.

Another interesting result of this study is the relationship
between the change of FMD and left ventricular end-dia-
stolic volume (LVEDV) during the 6 months following ACS.
We noted that the decline of FMD correlated with increase
in LVEDV. Left ventricular dilation and increase in LVEDV
is a surrogate of left ventricular remodeling used in many
studies [8,10]. Nakamura et al found that in patients with
heart failure, muscular conduit artery remodeling occurs
with alterations in arterial wall elastic properties, and this
vascular wall functional change may be related to endothe-
lial dysfunction [27]. Otherwise, peripheral vascular func-
tion in patients with symptomatic heart failure is character-
ized by increased vascular tone at rest and impaired dilatory
response to vasodilator stimuli. Previous studies showed
that the mechanisms behind increased vascular tone are
caused by activation of neurohumoral factors, such as the
renin-angiotensin system, the sympathetic nervous system,
and endothelin [28,29]. Most probably, we observed the
decline of FMD resulting from neurohormonal activation
in the group with left ventricular remodeling. Poelzl et al.
found a correlation between FMD and the severity of CHF,
and suggested that increased plasma levels in endothelin-1
might play a role in the vascular remodeling process [30].
Observations of Kitta et al. suggest that patients with CAD
and persistently impaired FMD, despite optimized therapy
to reduce known risk factors, have high risk of future car-
diovascular events such as cardiac death, nonfatal myocar-
dial infarction, recurrent and refractory angina pectoris re-
quiring coronary revascularization, or ischemic stroke [31].
Meta-analysis of 14 studies recently published by Inaba et
al provides strong evidence that the impairment of brachi-
al FMD is significantly associated with future cardiovascu-
lar events [32]. Our findings offer further evidence of the
prognostic utility of FMD assessment in acute coronary
syndromes. Assessment of this non-invasive indicator of
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endothelial function is plausible, and adds valuable infor-
mation for risk stratification and therapeutic strategy for
patients with an acute coronary syndrome.

CONCLUSIONS

Impaired flow-mediated dilatation, which represents endo-
thelial dysfunction, is more significant in diabetics than in
non-diabetic patients with acute coronary syndrome. Aside
from diabetes, the relationship between different coronary
risk factors and endothelial dysfunction has been shown in
many studies, but in the present study we also showed that
the lack of improvement of flow-mediated dilatation after
acute coronary syndrome can be a predictor of detrimental
left ventricular remodeling in patients with acute coronary
syndrome treated with coronary angioplasty. On the other
hand, we did not observe any relationship between flow-
mediated dilatation and restenosis. These results need to
be validated with further large-scale and long-term studies.
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