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Usefulness of Plasma Von Willebrand Factor and Brachial Artery
Endothelial Dysfunction to Predict Variant Angina
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Endothelial dysfunction and vascular inflammation may be associated with variant angina (VA). The aim
of the present study was to investigate whether the level of von Willebrand factor (VWF) and flow-mediated
dilation (FMD) are related to VA. This study included 74 patients (VA group: 52.1+11.9 years, 40 males)
with normal coronary angiogram (CAG) and positive ergonovine provocation test (ERT), and 33 patients
(control group:49.7+10.8 years, 23 males) and normal CAG with negative ERT. The level of VWF was
significantly higher in VA than in control group (163.0+43.4% vs. 127.2+59.6%, p=0.008). FMD was
significantly decreased in VA group compared with control group (9.0£4.0% vs. 11.2+3.1%, p=0.008). The
levels of white blood cell counts was higher in VA than in control group (7509.4+2411.1/mm° vs.
6303.1+2027.1/mm?, p=0.015). The level of total cholesterol was significantly higher in VA group compared
with the control group (185.2+45.3 mg/dL vs.166.2+36.9 mg/dL, p=0.042). In multiple regression analysis,
the VWF [odds ratio (OR), 11.14, 95% confidence interval (Cl), 3.25-38.15: p<0.001) and FMD (OR, 4.42,
95% Cl, 1.32-14.82: p=0.016)] were predictors of VA. On the basis of the receiver-operating characteristics
analysis, the cutoff value of VWF >140% and FMD <10% provided the best separation of patients with
and without VA (sensitivity 0.73, 0.66; specificity 0.78, 0.69, respectively). The increased level of VWF and
decreased FMD are independently associated with VA. Non-invasive evaluation of VWF and FMD may
serve as useful markers for detecting endothelial dysfunction and screening the VA patients.
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Introduction

The prevalence of variant angina (VA) is apparently
higher in Korean and Japanesepat-ients than in Cau-

. 1— . . . .
casian counterparts.' ' Endothelial dysfunction is in-
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volved in every stage of the progression of athero-
and is non-invasively measured by flow-
mediated dilation (FMD) of the brachial artery.’

Besides these traditional risk factors, several other

.56
sclerosis

risk factors and surrogate markers for the early detec-
tion of atherosclerosis including the measurement of
endothelial dysfunction, and serologic markers of vas-
cular inflammation have recently been proposed and
widely studied.® Several studies have suggested that a

variety of factors may contribute to endothelial dysfunc-
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tion in patients with VA.” "' These include impaired
flow-dependent coronary dilation due to decreased acti-
vity of the vasodilator nitric oxide,"" which in some
patients may be the result of mutation in the endo-
thelial nitric oxide synthase gene. Also, inflammation
may play a role since patients with VA have elevated
serum C-reactive protein concentrations, as reported in
one series, were found to be elevated lying between
controls and patients with acute coronary syndrome.'*
In addition, there are structural endothelial abnor-
malities in the arteries that manifest spasm. Intra-
vascular ultrasound examination has shown that, pa-
tients with vasospasm have diffuse intimal thickening in
the coronary arteries that develop spasm, which is inde-
pendent of other traditional risk factors for coronary
artery disease.” These changes may be due in part to
local vascular injury induced by vasospasm itself.'®
There are few reports about VA risks. Particularly,
those in VA patients treated with conventional cardio-
vascular disease risk management in the Asian popu-
lation still remain to be clarified. Loss of adequate
endothelial cell function is most widely quantified by
assessing FMD or measuring plasma markers such as
von Willebrand factor (VWEF). However, no studies
have demonstrated a relationship between the levels of
VWEF and FMD versus VA. Therefore, the purpose of
the present study was to investigate whether the level
of VWF and FMD are related to VA in Korean

patients.

Materials and Methods
1. Study population

From March 12, 2005 to November 9, 2007, a total
107 subjects (63 men and 44 women) with suspected
VA were analyzed. FMD, VWEF, inflammatory and
coagulation marker were measured early in the morning
following overnight fasting for more than 12 hours. We
studied 74 Korean VA patients (group I: 52.1+11.9
years: 40 men, 34 women) who fulfilled the following

criteria: (1) presence of spontaneous chest pain asso-
ciated with ST segment elevation on resting 12-lead
electrocardiogram or ambulatory electrocardiogram, (2)
a positive result on ergonovine-provocation testing, and
(3) the absence of significant organic coronary stenosis
(>50%) based on coronary angiography. We also
studied 33 patients with negative result on ergonovine-
provocation testing and no evidence of significant
coronary stenosis (group II: 49.7+10.8 years: 23 men,

10 women).
2. Methods
1) Measurement of endothelial function

FMD of brachial artery as the non-invasive parameter
of endothelial function was measured according to the
guideline described previously.” Vasoactive therapies
were not prescribed for at least 24 hours before the
study until the measurement was completed except for
only short-acting sublingual nitroglycerin (NTG), which
was withheld 1 hour before the study.

All studies were performed early in the morning
(6:00~8:00 hours) before coronary angiography, using a
8-MHz high resolution lineal vascular ultrasound trans-
ducer (Acuson 512, USA) employed to image the bra-
chial artery longitudinally just above the antecubital
fossa. The tourniquet measuring blood pressure was
placed on the lower arm in order to create shear stress
induced by reactive hyperemia.

After baseline measurements of the brachial artery
diameter, the blood pressure cuff was inflated to at least
50 mmHg above systolic blood pressure to occlude
arterial flow for 5 minutes. Subsequent deflation of the
cuff induced a brief high flow state through the brachial
artery (reactive hyperemia) to accommodate the dilated
resistance vessels. The resulting increase in shear stress
caused the brachial artery to dilate. The brachial artery
was continuously imaged for the first 2 minutes of
reactive hyperemia. The flow-mediated dilatory response
was used as a measure of endothelium-dependent

dilation. After the 10-min rest to reestablish baseline
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condition, 0.6 mg of NTG was administered subling-
ually.

The brachial artery was continuously imaged for 5
minutes to measure peak diameter. The dilatory res-
ponse to NTG was used as a measure of endothelium-
independent dilation. Patients with menstruation cycle
were excluded from the study, because the varying
levels of estrogen may affect endothelial function. In
our studies, the intra- and inter-observer variability for
the repeated measurements of resting arterial diameter
was very satisfactoy (r=0.997, p<0.001, r=0.997, p<
0.001).

2) Transthoracic echocardiography

Transthoracic m-mode, two-dimensional and Doppler

Table 1, Baseline clinical characteristics

Group | (n=74) Group Il (n=33) p-value

Age (yrs) 521+119 497+108 0.315
Gender 0.131
Male (%) 40 (54.1) 23 (69.6)

Female (%) 34 (459) 10 (80.4)

Body mass index (kg/mz) 245+33 242+27 0595
Diabetes mellitus, n (%) 5 (6.8) 5 (151) 0,537
Hypertension, n (%) 13 (17.5) 1(16.7) 0877
Smoking, n (%) 17 (9.5) 7 (23.9) 0.680
Hyperlipidemia, n (%) 11 (14.8) 1 (3.0) 0.165
Family history 8 (10.8) 1 (3.0) 0.385

Left ventricle ejection

+
fraction (%) 642161

66.7+5.8 0.081

Group |, patients with variant angina; Group II, control patients
without variant angina, Values are presented as numbers (%) or
mean+standard deviation,

Table 2, Comparison of biochemical markers

echocardiography examinations were performed in all
patients. The echocardiographic parameters were mea-
sured on the parasternal long and on the apical four

chamber views.
3) Diagnosis and percutaneous coronary angiography

All anti-anginal regimen was not prescribed for at
least 24 hours before catheterization, except for the
unrestricted use of sublingual nitroglycerin (NTG). Diag-
nostic coronary angiography was performed via right
femoral approach with the use of a 5- or 6-F catheter.
After baseline coronary angiograms were done, incre-
mental doses of ergonovine maleate were infused into
the left coronary artery (5 g/min, 10 1 g/min and 30
1 g/min) for 3 minutes with 2 minutes intervals bet-
ween consecutive doses. When coronary spasm was
induced, NTG (200 £ g) was given as an intra-coronary
injection. A positive ergonovine-provocation test was
defined as >50% focal reduction in the diameter of the
artery during coronary angiography associated with ST
segment changes and/or typical chest pain after intra-

coronary injection of the drugs.
4) Laboratory measurements

We measured the blood levels of VWF for examining
endothelial function, white blood cell (WBC) counts,
(hs-CPR),

cystein for examining the inflammatory activity, and

high-sensitively C-reactive protein homo-

fibrinogen for the coagulation system. Blood samples

Group | (n=74) Group I (n=33) p-value
White blood cell counts (/mm?) 7,5609.4+2411 1 6,303.1+2,027 1 0,015
High sensitivity C-reactive protein (mg/dl) 03+06 0.1+0.1 0.085
Fibrinogen (mg/dl) 2578+79.8 2440+753 0.433
Homocysteine (2 mol/L) 76140 68+18 0.400
Hb A1C (%) 57+12 56+04 0675
Total cholesterol (mg/dl) 1852+453 166.2+36.9 0,042
HDL-cholesterol (mg/dl) 533+135 529+130 0.880
LDL-cholesterol (mg/dl) 127 1+58 1 108.0+35 1 0.141
Triglyceride (mg/dl) 91.3+505 825+462 0.430
Von Willebrand factor (%) 163.0+43 4 12724596 0.008

Values are presented as numbers (%) or mean+standard deviation, HDL, high density lipoprotein; LDL, low density lipoprotein,
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were taken by venipuncture in the morning after fasting
for over 12 hours before angiography. VWF was
measured by the enzyme-linked immunosorbent assay
(ELISA) technique using commercial reagents (R& D
systems, USA) and hs-CRP was measured by immuno-
turbidimetric CRP- Latex (II) assay using Olympus AU
5400. Measurements of fibrinogen was performed by
chromogenic assay (Sysmex, CA1500, USA).

5) Statistical analysis

All statistical calculations were performed using SPSS
(version 15.0). Results were expressed as number (%)
or the mean+SD. Comparisons between groups were
performed using Student's t-test for continuous variables
and chi-square test for categorical variables. A p-value
<0.05 was considered indicative of statistical signifi-
cance. Multivariate logistic regression analysis was per-
formed to identify independent predictors of VA.
Receiver-operating characteristics (ROC) analysis was
used for determining optimal cutoff value defined as the
point with the highest sum of sensitivity and specificity.
The area under the ROC curve was used to quantify

the ability to predict VA.

Results
1. Patient characteristics
The clinical characteristics including the risk factors

14
12 - p=0.008

10 +

FMD (%)

11.2

9.6

Group | Group I

of the study population are summarized in Table 1.
There was a male predominance in Group [ and IL

However, there was no significant difference.

2. Biochemical markers

Comparison of the biochemical markers is sum-
marized in Table 2. The levels of hs-CRP, fibrinogen,
homocysteine were not different between the two groups.
However, the levels of WBC counts and of total
cholesterol were significantly elevated in Group I than in
Group II. To be of note, however, was the level of VWF
significantly elevated in Group I compared with Group II.

3. FMD, NTG-mediated dilation, and brachial blood
flow

The data on FMD, NTG-mediated dilation, and
brachial blood flow are shown in Table 3. FMD was
significantly decreased in Group I compared with Group
II. No significant differences were found in NTG-

mediated dilation, and basal flow and hyperdynamic

Table 3, Flow-mediated dilation, nitroglycerin-mediated dilation, and
brachial blood flow

Group | (n=74) Group Il (n=33) p-value

112+3 1 0.008
225+t96 0.761

96+470
219+88

Flow-mediated dilation (%)
Nitrate-mediated dilation (%)
Brachial blood flow (ml/min)
Baseline

After cuff deflation

2225+577 2373x735 0301
3606+942 3747+1009 0517

Values are presented as numbers (%) or mean+standard deviation,

30

p=NS
25

20

15

NMD (%)

21.9
22.5

10

Group | Group I

Fig. 1. The flow-mediated dilation (FMD) was significantly decreased in patients with variant angina (Group 1) than in control patients (Group
Il). However, the nitroglycerin-mediated dilation (NMD) was not different between both groups.
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flow (Fig. 1).
4. Independent predictors of VA

Multiple logistic regression analysis was performed to
determine independent predictors of VA. All variables
with p<0.05 in univariate analysis were tested. The
independent predictive factors of VA are shown in
Table 4. VWF and FMD were independent predictors
of VA (odds ratio, 11.14, 95% confidence interval, 3.25
~38.15, p<0.001; and odds ratio, 4.42, 95% con-
fidence interval, 1.32~14.82, p=0.016, respectively).
The most powerful predictor for predicting VA was
VWE. On the basis of the ROC analysis, the cut off
value of VWF >140% (sensitivity 0.73, specificity 0.78)
and FMD <10% provided the best separation of
patients with and without VA (sensitivity 0.66, speci-
ficity 0.69, respectively) (Fig. 2).

Table 4, Predictors of variant angina by multivariate analysis

Adjusted OR  95% ClI p-value
Age 0.99 094~105 0984
Male sex 137 0.38~4 91 0.625
Body mass index (kg/m?) 1,05 088~126 0537
White blood cel 101 100~1001 0088

counts (/mm°)

Total cholesterol (mg/dl) 1.00 099~1.02 0.461
Flow mediated dilation <10%  4.42 132~1482 0,016

Von Willebrand factor >140%

11,14

3.25~38.15 <0,001

OR, odds ratio; Cl, confidence interval; age, sex, BMI, WBC counts,

total cholesterol level adjusted,

Sensitivity

0.2 1 Area under ROC curve: 0.81
95%Cl: 4.37~33.78
0.0 T T T T 1
0.0 0.2 0.4 0.8 1.0
1-Specificity

Discussion

In the present study, significantly impaired brachial
artery FMD and significantly increased level of VWF
were observed in VA patients compared with age-
matched control subjects. Our study demonstrated that
the increased level of VWF and decreased FMD can
serve as useful markers for detecting endothelial dys-
function and for screening the VA patients. This study
has clearly shown the importance of endothelial dys-
function and inflammation in the development of
coronary diseases in Korean patients with VA.

The vascular endothelium has been reported to be a
multifunctional organ whose integrity is essential for
normal vascular physiology.'™"® Decreased flow-mediated
dilation in patients with VA has recently been re-
ported,"""” and there is growing evidence that endo-
thelial function abnormalities are present before the
development of angiographically evident coronary athe-
rosclerosis in patients with coronary risk factors.”*!

VWEF is a multifunctional plasma protein that plays a
very important role in hemostasis following vascular
injury. As a consequence of vascular injury, the sub-
endothelial matrix and collagen fibers are exposed to
the blood flow. Circulating platelets adhere to the
injured site and initiate the process of thrombosis.
Subendothelial VWF plays an important role in media-

ting platelet adhesion at the injured site. VWF is se-

1.0
0.8
>
s 0.6
.‘%‘
o
» 0.4
0.2 1 Area under ROC curve: 0.67
95%Cl: 1.86~10.92
0.0 T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Fig. 2. The receiver-operating characteristics (ROC) curve to determine optimal cutoff value of Von Willebrand factor (Left) and flow-mediated
dilation (Right) for predictors of patients with variant angina, Cl, confidence interval,
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creted from the vascular endothelium in response to
vascular injury and disease. Thus, raised plasma levels
of VWF were reported to be associated with widespread
endothelial damage/dysfunction and atherothrombosis.
Recently, VWF is generally accepted and used as a
marker for endothelial damage/dysfunction,”” and we
have reported data regarding the relationship between
VA and VWF in Korean patients.” Episodes of coro-
nary spasm usually occur in a circadian rhythm, with
increased prevalence of anginal attacks from midnight
to early morning.”’ Therefore, we performed the FMD
study early in the morning between 6:00 and 8:00 am,
expecting that FMD in VA patients may be minimal
early in the morning.

The present study shows that an increased level of
VWEF and decreased FMD could predict VA and also
vascular events, which might have implications for the
assessment and management of cardiovascular risk in
VA patients. Medical interventions including lipid-
lowering therapy, angiotension-converting enzyme inhi-
bitors, exercise, and smoking cessation are known to
reduce cardiovascular disease risk and also improve
endothelial function.”

Importantly, the presence of increased level of VWF
and endothelial dysfunction in patients with VA sug-
gests that they may be at higher risk for the future
development of severe cardiovascular disease. Clearly,
these results by no means indicate causality. Better
evidence for such a relation would be provided by
demonstration that successful treatment of VA is
associated with improved endothelial function and de-
creased inflammatory markers. Presenly, the patients
with VA are, in general, being treated with either
calcium channel blocker or nitrates,”” but sometimes
these regimen are not enough to treat certain patients
with VA. In those cases, demonstration of athero-
sclerotic change by FMD and VWF level may assist in
determining treatment options. Furthermore, VWF and
the vascular endothelial function/integrity may present
targets for the development of novel anti-inflammatory

drugs in VA patients.

The present study has several limitations. Firstly, the
sample size was relatively modest, so that further
studies in larger scale are in need. Secondly, we did not
demonstrate the mechanism involved in the increased
plasma VWF. Thus, further prospective studies are
needed in order to establish true mechanisms of chest
pain in patients with increased plasma VWF, to render
clues in searching a novel pharmaceutical therapy
targeting endothelial dysfunction, and also to investigate
the potential role of plasma VWF as an aide to risk
stratification in patients with VA.

In conclusion, the increased level of VWF and
decreased FMD are independently associated with VA.
Non-invasive evaluation of VWF and FMD may serve
as useful markers for detecting endothelial dysfunction

in the VA patients.
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