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Background: Thrombogenesis, angiogenesis, and endothelial damage/dysfunction are components in the
pathogenesis of atherosclerosis.

Obijective: To investigate the relation of these variables to atherosclerotic disease severity and the possible
interrelations between the three.

Methods: 111 patients attending for coronary angiography were studied (85 male, 26 female; mean (SD)
age, 61.6 (10.0) years). Plasma concentrations of von Willebrand factor (vWf, a marker of endothelial
damage/dysfunction), vascular endothelial growth factor (VEGF, associated with angiogenesis), soluble
VEGF receptor Flt-1 (sFlt-1), and tissue factor (TF, a key component of coagulation) were measured by an
enzyme linked immunosorbent assay. Following angiography, disease severity was assessed by the
number of coronary vessels diseased (> 50% stenosis) and by a coronary atheroma score.

Results: All indices were raised in the patients compared with 34 healthy controls except sFlt-1, which was
lower in the patients. No significant correlations were found between the coronary atheroma score and
values of YWF (Spearman correlations: r = 0.21, p = 0.83), VEGF (r = 0.11, p=0.27), or TF
(r = —0.04, p = 0.68). However, there was an inverse correlation between plasma sFlt-1 and coronary
atheroma score (r = —0.19, p = 0.049). The number of vessels diseased had no relation to any marker.
Correlations were found between TF and VEGF (r = 0.25, p = 0.008) and between TF and sFlt-1
(r = 0.42, p < 0.001) in the patients.

Conclusions: Despite evidence of abnormal angiogenesis (VEGF and sFlt-1), thrombogenesis (TF), and
endothelial damage/dysfunction (VW) in the patients with coronary artery disease, there was no

lying coronary artery disease. Roles for thrombogenesis

and angiogenesis have been widely reported to be
involved in the development of atherosclerosis. A close link
between angiogenesis and thrombogenesis has been clearly
shown in cancer biology,'” but there are limited data on this
link in atherosclerosis. Moreover, thrombosis and angiogen-
esis may be related to disturbances of endothelial cell
physiology and thus a link between the three processes of
angiogenesis, thrombogenesis, and endothelial disturbance is
plausible.

In atherosclerosis, angiogenesis within the adventitia of
arterial walls is seen in the development of plaques, and
extends into the media and intima as the lesions progress.*’
Furthermore, the expression of vascular endothelial growth
factor (VEGF), an essential component in angiogenesis, has
been positively correlated with the number of intimal blood
vessels found within atherosclerotic plaques.®

Plasma concentrations of VEGF and a soluble form of its
receptor Flt-1 (sFlt-1) are quantifiable by an enzyme linked
immunosorbent assay (ELISA).” Plasma concentrations of
both VEGF and sFlt-1 are abnormal in patients with coronary
artery disease and peripheral vascular disease.*' Raised
concentrations of VEGF have also been found in patients
with risk factors for coronary artery disease, such as
hypertension and hyperlipidaemia, but with no clinically
overt disease."' "

Tissue factor (TF) is one of the key components in the
coagulation cascade. In atherosclerosis, raised plasma con-
centrations of TF are found in patients with ischaemic heart
disease (in unstable angina, stable angina, and patients with
a history of previous myocardial infarction) when compared
with healthy controls.”” These increases in VEGF and TF

ﬁ therosclerosis is the pathophysiological process under-

correlation between VEGF, sFlt-1, vWH, or TF and angiographically defined disease severity.

could be mediated through a dysfunctional endothelium that
is associated with the atherosclerotic process. Indeed, both
VEGF and TF are expressed by endothelial cells. The plasma
marker von Willebrand factor (vWf, also essentially a
procoagulant in promoting thrombosis) is a good index of
endothelial cell damage/dysfunction, and raised vWf con-
centrations have been reported in numerous cardiovascular
conditions (as well as in many cancers) and predict poor
outcome—including myocardial infarction, stroke, and
death—in prospective studies.'*'*

We hypothesised that angiogenesis, thrombogenesis, and
endothelial damage are related to disease severity in patients
with coronary artery disease, and furthermore could be
related to each other as well as to disease severity in this
condition. To test these hypotheses, we measured plasma
VEGF, sFlt-1, TF, and vWf in patients with coronary artery
disease.

METHODS

We studied 111 patients (85 male, 26 female, mean (SD)
age 61.6 (10) years) attending for elective day case coro-
nary angiography. All patients had a history of stable
angina. We excluded patients with recent myocardial
infarction (within the last six weeks), unstable angina,
stroke, or congestive heart failure, as well as those with
renal or liver impairment or on warfarin treatment.
Following the procedure all angiograms were analysed for
disease severity (see below). The West Birmingham ethics

Abbreviations: sFlt-1, soluble VEGF receptor Flt-1; TF, fissue factor;
VEGF, vascular endothelial growth factor; VWE, von Willebrand factor
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committee passed the protocol, and informed consent was
obtained.

Baseline results were compared with 34 age and sex
matched healthy controls (24 male, 10 female, mean age 59.4
(12) years), recruited from hospital staff and preoperative
clinics for minor procedures, including hernia repairs,
cataract surgery, and so on. All healthy controls were
“healthy” on the basis of careful clinical history and
examination, as well as basic blood screening tests. These
subjects were included to provide a perspective (that is, what
should be “healthy” values) for the patient data; no direct
case—control comparison is intended.

Blood samples and analysis

Citrated plasma samples were taken before angiography and
immediately placed in ice before being centrifuged at 1000 g
for 20 minutes at 4°C. They were then stored at —70°C until
the time of analysis. Samples were analysed by an in-house
ELISA for VEGF and sFlt-1 (R&D Systems, Abingdon, UK)
(previously described in detail”), vWf (Dako, Ely, UK), and TF
(Axis-Shield, Dundee, UK). The lower limits of detection by
ELISA were 10 pg/ml for VEGF and TF, 0.1 ng/ml for sFlt,
and 2 IU/dl for vWf. The interassay and intra-assay vari-
abilities were < 5% and 10%, respectively, for all assays.

Coronary angiography and analysis

Coronary angiography was undertaken by the percutaneous
transfemoral approach and images were recorded digitally.
All angiograms were analysed by a single experienced
cardiologist who was blinded to the clinical details of the
patients. Disease severity was assessed in two ways: first, by
the number of vessels (0-3) with at least one significant
stenosis (>50% stenosis); and second, by an atheroma score
(the coronary atheroma score, as previously described'’) to
indicate disease severity. In brief, 15 proximal segments of
the major coronary arteries were examined, as described by
an ad hoc committee on grading of coronary artery disease of
the Council on Cardiovascular Surgery, American Heart
Association.'® Atheromatous lesions in each segment were
evaluated for extension (number of plaques) and size (% of
vessel diameter involved). The scores for extension and size
were multiplied together for each segment and the total score
was calculated as the sum of individual segment scores
divided by the number of segments analysed. Segments distal
to a total occlusion were not analysed. Thus patients could be
classed as having /0 vessels diseased” with no stenoses of
>50%, but still have an atheroma score above 0, as the
coronary atheroma score includes lesions causing less than
50% stenosis in the analysis.

Power calculations

Our primary hypothesis was a significant correlation between
the coronary atheroma score (a continuously variable index)
and any one of the plasma markers. Given the variability of
the measured indices and the coronary atheroma score, we
believe that a Spearman correlation coefficient of 0.35 is
meaningful. To achieve this, for a two sided probability of
< 0.01 and 1—P of 0.85, 100 datasets are required."” Thus to
be fully confident in our data we recruited in excess of this
figure. The number of diseased arteries is distributed as a
discrete but ordered dataset. We hypothesised increasing
differences in vWf, VEGF, and TF, but decreasing sFlt-1, as
disease became more severe. Such differences were sought
using the Kruskal-Wallis test. The number of subjects with
coronary artery disease compared with controls provided the
power to detect a difference of 0.5 of a standard deviation at
p < 0.05and 1-B = 0.80.
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Statistical methods

Statistical analyses were done using the statistical program
SPSS 10.0 for Windows. Parametric results are expressed as
mean (SD) and differences between groups were compared
by unpaired Student’s ¢ test. Non-categorical data were
compared by the x? test. Non-parametric results are
expressed as medians with interquartile ranges (IQR) and
comparisons made using Mann-Whitney and Kruskal-Wallis
tests. Multiple regression analyses were used to determine
predictors for the research indices. Correlations were exam-
ined using Spearman’s rank correlation. The level of
significance was taken to be p < 0.05.

RESULTS

Cross sectional data

Demographic details, risk factors, and drugs prescribed for
the patients with coronary artery disease are summarised in
table 1. vWf, VEGF, sFlt-1, and TF data are presented in
table 2. As expected, all indices were increased in the patients
with coronary artery disease compared with the healthy
controls except for sFlt-1, which was lower in the patients.

Relation to disease severity
The distribution of coronary atheroma score was not
normally distributed (median 1.77 (IQR 0.23—4.5). No
significant Spearman correlations were found between
coronary atheroma score and concentrations of vWf
(r = 021, p = 0.83), VEGF (r = 0.11, p = 0.27), and TF
(r = —0.04, p = 0.68). However, there was an inverse
correlation between sFlt-1 and coronary atheroma score
(r = —0.19, p = 0.049).

When coronary angiograms were analysed by the number
of vessels with significant stenoses, the cohort was divided as
follows:

® 37 patients (33%) had no vessels significantly diseased
(with > 50% stenosis)

® 27 patients (24%) had one vessel diseased
® 22 patients (20%) had two vessels diseased
® 25 patients (23%) had three vessels diseased.

There were no significant differences in plasma concentra-
tions of vWf, VEGF, sFlt-1, and TF between these four groups
(table 3). Note that patients with no vessels with significant
stenoses had a median coronary atheroma score of 1.42 (IQR
0.67—2.40) and concentrations of vWf, VEGF, and TF were
higher in these patients than in the control group (p < 0.001,
p = 0.014, and p = 0.020, respectively).

Subgroups and multiple regression analyses

The patients with coronary artery disease were then
subdivided according to the presence or absence of the risk
factors diabetes mellitus, hypertension, and hyperlipidaemia.
The presence or absence of diabetes or hyperlipidaemia made
no significant difference to plasma concentrations of VEGF,
sFlt-1, TF, or vWf (data not shown). Only patients with
coronary artery disease and hypertension had significantly
higher concentrations of TF (p = 0.009) when compared
with normotensive patients (data not shown).

When adjusting for clinical indices in the coronary artery
disease patients using standard multiple regression analyses
with plasma concentrations of VEGF, sFlt-1, TF, or vW{ as
dependent variables, age was found to be a predictor for
VEGF concentrations (f = —0.190, p = 0.045), and HDL
values a predictor for sFlt-1 concentrations (B = 0.300,
p = 0.003). However, the relatively small numbers involved
in these analyses must be borne in mind when interpreting
their relevance.
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Table 1 Demographic characteristics of patients with coronary artery disease and
healthy controls
Patients Controls p Value
Age (years) (mean (SD)) 61.6 (10) 59.4 (12) 0.30
Male (%) 77 71 0.48
Smokers (%) 28 15 0.15
Past medical history (n (%))
Previous myocardial infarction 36 (32.4)
Hypertension 40 (36)
Diabetes 15(13.5)
Drugs (n (%))
Aspirin 82 (73.9)
Thiazide 7 (6.3)
Diuretic 24 (21.6)
ACE inhibitor 27 (24.3)
B Blocker 61 (55)
Calcium channel blocker 54 (48.6)
Nitrate 57 (51.4)
Glyceryl trinitrate 43 (38.7)
Systolic blood pressure (mm Hg) (mean (SD)) 139 (23) 135 (17) 0.30
Diastolic blood pressure (mm Hg) (mean (SD)) 79 (11) 85 (10) 0.02
Total cholesterol (mmol/I) (mean (SD)) 5.5(0.9) 5.7 (1.0) 0.20
Triglycerides (mmol/I) (mean (SD)) 1.9 (1.4) 1.3(0.3) 0.009
HDL (mmol/l) (mean (SD)) 1.2(0.3) 1.3 (0.4) 0.14
LDL (mmol/I) (mean (SD)) 3.4 (0.8) 3.8(1.1) 0.07
ACE, angiotensin converting enzyme; HDL, high density lipoprotein; LDL, low density lipoprotein.

Relations between indices rather than that occurring in specific vascular beds. In one
Concentrations of VEGF correlated with TF in the patients study looking at coronary collateral flow and intracoronary
with coronary artery disease (r = 0.25, p = 0.008), while VEGF concentrations, Fleisch and colleagues found a trend
concentrations of sFlt-1 correlated with VEGF (r = 0.36, toward higher concentrations of intracoronary VEGF with
p < 0.001) and TF (r = 0.42, p < 0.001). No other correla- more extensive coronary artery disease, as assessed by the
tions reached significance. number of diseased coronary arteries (stenosis > 50%) on

coronary angiography.** However, concentrations of VEGF
DISCUSSION were measured on serum samples, and there is increasing

This study confirms previous observations of higher plasma  cvidence that VEC:F should be measured on plasma samples,
VEGF, TF, and vWf in patients with coronary artery disease a5 il our study. ] ] o
compared with healthy controls.® ** 2> We found no relation In the present study, we did not find any significant

between the coronary atheroma score and concentrations of ~ relation between vWf and coronary artery disease severity.
VEGF, sFlt-1, TF, or vWf: furthermore, there were no We accept that there are many possible indices of endothelial

significant differences in concentrations of indices according damage/dysfunction, and in our study we chose to measure
to subgroups, based on the number of vessels with > 50% vWI1, the most well established index of endothelial damage/
stenosis in the patient group. Furthermore, the (very) weak  dysfunction.” Indeed, in another study,” Yildirir and
Spearman correlation coefficient of —0.19 between coronary ~ colleagues measured concentrations of E-selectin, VCAM-1,
atheroma score and sFIt (p = 0.049) has to be interpreted and ICAM-1 as markers of endothelial cell activation® in 83
with caution. The possibility arises that the finding of higher =~ consecutive patients attending for coronary angiography.
concentrations of vWf, VEGF, and TF in patients undergoing They used patients with no coronary artery stenoses of
angiography with no coronary artery stenoses of more than > 50% as their control group and found significantly lower
50% compared with healthy controls may be explained by the concentrations of VCAM-1 and E-selectin in their controls
presence of risk factors (hypertension, diabetes, and hyperch- compared with patients with one or more stenoses of > 50%.
olesterolaemia) in this patient group. However, included among their subjects were patients with

We are unaware of other studies investigating the relation unstable angina (n = 23), whereas in the present study we
between coronary atheroma score or peripheral plasma VEGF excluded all patients with episodes of unstable angina within
concentrations and coronary artery disease severity. The lack the previous six weeks. A significant correlation between
of correlation between plasma VEGF and coronary artery severity of coronary lesions, as graded using the Gensini
disease severity may reflect the more generalised nature of score, and E-selectin concentrations was only found in this
thrombogenesis, angiogenesis, and endothelial disturbance, small subgroup of patients with unstable angina, and there

Table 2 Plasma concentrations of von Willebrand factor, vascular endothelial growth
factor, soluble Flt-1, and tissue factor in patients with coronary artery disease and controls

Coronary artery disease

patients Healthy controls p Value
W (1U/d]) 128 (103—143) 90 (82—101) <0.001
VEGF (pg/ml) 130 (100—250) 80 (20-176) 0.002
SFlt (ng/ml) 7.5(1.9-19) 20 (9—40) 0.003
TF (pg/ml) 90 (10—230) 60 (10—100) 0.01

Values are median (interquartile range), analysed by Mann-Whitney test.
sFlt-1, soluble Flt-1; TF, tissue factor; VEGF, vascular endothelial growth factor; VWA, von Willebrand factor.
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Table 3 Concentrations of von Willebrand factor, vascular endothelial growth factor,
soluble Flt-1, and fissue factor in relation to number of coronary arteries diseased

Number of diseased coronary arteries

0 1 2 3 p Value
Number of patients 37 27 22 25
vWE (1U/dl) 133 (105-143) 123 (103—-141) 118 (93—146) 132 (106—148) 0.076
VEGF (pg/ml) 130 (100—540) 120 (100—-200) 135 (94-240) 160 (100—260) 0.958
sFlt (ng/ml) 9.5(3-21) 12.2(2.5-23) 6.5(1.6-16) 5.0(1-15) 0.182
TF (pg/ml) 90 (10—585) 100 (10—230) 90 (14.5-375) 80 (12.5-190) 0.118

Values are median (interquartile range), analysed by the Kruskal-Walllis test.
sFlt-1, soluble Flt-1; TF, tissue factor; VEGF, vascular endothelial growth factor; VWA, von Willebrand factor.

were no significant correlations between ICAM-1 or VCAM-1
and disease severity.

We are unaware of any studies to date that have
investigated concentrations of TF in relation to angiographic
disease severity, although no significant relation was present.
Nonetheless, we have shown a correlation between TF and
concentrations of the angiogenic markers VEGF and sFlt-1,
suggesting a link between angiogenesis and thrombogenesis.
However, the relevance of this observation should be
interpreted with caution given the low values of the
Spearman  correlation  coefficients (r = 0.225—0.42).
Further studies with larger sample sizes are needed to
confirm the hypothesis that angiogenesis and thrombogen-
esis are closely related in vascular disease, as appears to be
the case in embryonic studies® and cancer.”

Study limitations

Our study was limited by its cross sectional design, but we
have attempted to relate our research indices to coronary
artery disease severity using two different methods of scoring
disease severity. In addition, we recognise that our markers
may simply reflect generalised vascular disease or risk factors
such as diabetes or hypertension (rather than coronary artery
disease per se, or concomitant treatment), and this would be
a limitation common to all studies examining plasma
markers such as VEGF, TF, and vWf in patients with
coronary artery disease compared with healthy con-
trols.® ¥ 2*** Furthermore, acute episodes of ischaemia could
influence the production of angiogenic factors,*” but we
only included patients with chronic stable symptoms.

Conclusions

Despite evidence of abnormal angiogenesis (VEGF and sFlt-
1), thrombogenesis (TF), and endothelial damage/dysfunc-
tion (vWI{) in our patients with coronary artery disease, there
was no meaningful relation between VEGF, sFlt-1, vW{, or TF
and angiographically defined coronary artery disease severity.
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IMAGES IN CARDIOLOGY

A case of bepridil induced interstitial pneumonitis

e report a case of interstitial
pneumonitis during the
administration of an anti-

arrhythmic drug, bepridil. A 65 year
old man with paroxysmal atrial fibrilla-
tion and old myocardial infarction
began to take 150 mg/day of bepridil
on 24 April 2002. Two weeks later, he
developed cough and fever, which did
not respond to oral antibiotics. He
visited our clinic at one month of
bepridil administration. The physical
examinations revealed fine crackles in
the bilateral lower lung fields. His
arterial blood gas analysis showed
severe hypoxia (pO, 55 mm Hg). The
chest x ray and the high resolution CT
respectively revealed bilateral reticular
shadow and micro fibrosis dominantly
in the lower lung fields (upper panels).
Based on the tentative diagnosis of
severe interstitial pneumonitis, we
started 40 mg/day of oral prednisolone.
Bepridil was stopped as a possible cause
of the drug induced interstitial pneu-
monitis. Since his x ray findings and
symptoms, cough and dyspnoea, did not
significantly ameliorate, high dose pred-
nisolone, 500 mg per day, was intrave-
nously administered for 3 days. Then
60 mg per day of oral prednisolone
followed, which was tapered stepwise.
The lymphocyte suppression test (LST)
against bepridil performed on 3 June,
was borderline positive (1.6x) even

under the influence of already started
steroid. Peak values of KL-6 and SP-D
were 692 U/ml (<500) and 221 ng/ml
(<110), respectively. Numbers in the
parentheses are normal ranges. His
x ray and CT findings (below panels)
as well as symptoms responded well.

This is the first report of bepridil
induced interstitial pneumonitis with
the LST findings.
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