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Abstract

Background: The pathophysiology of coronary artery ectasia
(CAE) is under investigated and not well understood. Atheroscle-
rosis is considered as the main etiologic factor for CAE in adults
where more than 50% of CAE patients have atherosclerosis. Recent-
ly, lipoprotein (a) (Lp(a)) has emerged as a powerful risk factor for
atherosclerosis and coronary artery disease (CAD). Serum levels of
Lp(a) in patients with CAE have not been investigated. We assumed
that Lp(a) may play a role in the pathogenesis of CAE. Principally,
our study aims to identify whether Lp(a) is an independent risk fac-
tor for CAE.

Methods: Our study is a prospective pilot study. Study population
was collected prospectively from pool of patients referred for elec-
tive cardiac catheterization at Jordan University Hospital (JUH) in
the period extending from February 17, 2018 to June 31, 2018. Pa-
tients were referred for elective coronary angiography after being in-
terviewed and physically examined by a cardiologist (HA). Patients
with known history of CAD or who are already on anti-lipidemic
drugs either documented in the medical records or by interview-
ing patients for history of revascularization were excluded from the
study.

Results: Regarding the primary outcome, there was no significant dif-
ference in Lp(a) concentrations between normal and ectasia groups
in the general sample (median: 17.5mg/dL vs. 20.4 mg/dL, P value
=0.38).

Conclusions: Our study concludes that there is no detected relation-
ship between elevated Lp(a) levels and developing CAE. CAE was
more common in patients with low high-density lipoprotein (HDL)
level (compared with patients with normal coronaries), higher total
cholesterol level (compared with patients with non-obstructive steno-
sis) and higher hemoglobin Alc (HbAlc).
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Introduction

Coronary artery ectasia (CAE) is defined as inappropriate dila-
tation of coronary artery exceeding the largest diameter of an
adjacent normal vessel more than 1.5 fold [1, 2]. CAE inci-
dence is reported between 0.3% and 4.9% in patients undergo-
ing coronary angiography [3]; these numbers are expected to
rise with the increasing use of non-invasive coronary artery
imaging such as computed tomography and magnetic reso-
nance imaging. Clinically; patients with CAE with or without
coronary artery narrowing may present with angina pectoris,
positive stress test or acute coronary syndromes. Natural his-
tory of CAE and its management are not well established [3].

The pathophysiology of CAE is under investigated and
not well understood. Atherosclerosis is considered as the main
etiologic factor for CAE in adults where more than 50% of
CAE patients have atherosclerosis. The exact mechanism of
luminal dilatation in some vessels with atherosclerosis is un-
clear; CAE may be considered as exaggerated positive remod-
eling mechanism with the aim to preserve luminal size [3, 4].
This remodeling is thought to be due to excessive degrada-
tion of the extracellular matrix by matrix metalloproteinases
(MMPs) and other lytic enzymes in addition to thinning of
tunica media due to severe chronic inflammation; actually no
evidence of ectasia was observed in patients with intact media
layer [3].

Risk factors for CAE are not well defined as those for
stenotic atherosclerosis. Correlation of CAE with hyperten-
sion [5], diabetes mellitus (DM), dyslipidemia, smoking and
family history of coronary artery disease is still controversial
in literature [3, 4]. In addition, it has been reported that CAE
may coexist with aneurysms of other arterial beds particularly
abdominal aorta [6]. DM may even have a paradoxical role in
the incidence of CAE. Although DM is a major risk factor for
atherosclerosis; patients with DM were shown to have lower
incidence of developing CAE, the hypothesis behind this para-
dox is that DM causes downregulation of MMP hence prevent-
ing exaggerated positive remodeling [7].

Recently, lipoprotein (a) (Lp(a)) has emerged as a power-
ful risk factor for atherosclerosis and coronary artery disease
[8]. Lp(a) is a low density lipoprotein-like particle with the ad-
dition of apolipoprotein A (apoA) [8, 9]. Lp(a) accumulates in
blood vessel wall and inhibits binding of plasminogen to cell
surface [8]. Lp(a) was evaluated in the literature to have gen-
der differences in patients with proven coronary artery disease.
There are differences in the studies’ results; Lp(a) levels were
believed to be higher in females with CAD than in males with
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CAD [10], but a more recent study found it higher in males
than in females with CAD [11]. More recently, elevated serum
Lp(a) levels have been demonstrated in patients with abdomi-
nal aortic aneurysms independently of atherosclerosis extent
or risk factors [12]. Elevated Lp(a) levels have been also found
in patients with intracranial aneurysms without significant
atheromatous disease [13]. Elevated Lp(a) levels may cause
endothelial and intimal damage with subsequent aneurysmal
formation. In theory, aneurysmal dilatation of vessels and CAE
may share same pathophysiology. Serum levels of Lp(a) in pa-
tients with CAE have not been investigated. We assumed that
Lp(a) may play a role in the pathogenesis of CAE. Principally,
our study aims to identify whether Lp(a) is an independent risk
factor for CAE. Correlation between CAE and other contro-
versial risk factors such as DM, lipid profile, hypertension and
smoking will also be investigated. In addition, correlation of
CAE with gender, and Lp(a) levels with gender will be inves-
tigated.

Materials and Methods

Study design and population

Our study is a prospective pilot study. Study population was
collected prospectively from pool of patients referred for
elective cardiac catheterization at Jordan University Hospital
(JUH) in the period extending from February 17, 2018 to June
31, 2018. Patients were referred for elective coronary angiog-
raphy after being interviewed and physically examined by a
cardiologist (HA) due to a variety of reasons: stable angina
and positive non-invasive evaluation by treadmill stress test or
myocardial perfusion scintigraphy.

Patients were not enrolled if they presented with acute cor-
onary syndrome. In addition patients already on anti-lipidemic
drugs and patients with known history of coronary artery dis-
ease were excluded a priori from study.

Patients’ age, gender and anthropometric data including
height and weight for each patient were measured and regis-
tered at the time of enrollment.

Laboratory tests

Fasting antecubital venous blood samples were drawn for
Lp(a), low-density lipoprotein (LDL), high-density lipopro-
tein (HDL), triglyceride, cholesterol, fasting blood sugar and
hemoglobin Alc (HbAlc) at the catheterization lab prior to
the catheterization. Samples were centrifuged immediately
and stored at -20 °C. Lp(a) was measured by immunoturbi-
dimetric assay in which human Lp(a) agglutinates with latex
particles coated with anti-Lp(a) antibodies. The precipitate is
determined turbidemetrically at 659 nm. COBAS UNTEGRA
systems were used for reagents handling; reagent was SR (la-
tex particles coated with polyclonal anti-human Lp(a) antibod-
ies (rabbit) glycine buffer: 170 mmol/L, pH 7.3; BSA, pre-
servative). Measuring range was 7 - 240 nmol/L; results were
calculated in nmol/L and then converted using the following
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conversion factor: nmol/L % 0.4167 = mg/dL.

Cardiac catheterization

Two cardiologists evaluated the results of coronary angiogra-
phy and decided on patient’s enrollment in each group, both
cardiologists were blinded to reports of each other, when dis-
crepancy was present a consensus was agreed upon reviewing
patients’ images.

Primary and secondary outcomes

The primary outcome of our study was to find if there is a cor-
relation between Lp(a) levels and CAE in our sample popula-
tion.

Secondary outcomes were to investigate if there are cor-
relations between CAE and levels of Lp(a) in normolipidemic
subjects, which was defined as patients with total triglycerides
<150 mg/dL and total cholesterol <200 mg/dL, and in border-
line-lipid patients defined as patients with total triglycerides <
200 mg/dL and total cholesterol <240 mg/dL; this was done to
find if Lp(a) is an independent risk factor for CAE in patients
with normal or borderline lipid levels. Other outcomes includ-
ed evaluating if there is an association between CAE and other
lipid profile parameters in the general sample: LDL, HDL,
cholesterol, and total triglycerides in the general sample. Also,
we aimed to find if there is any correlation between CAE and
other variables such as age, gender, body mass index (BMI),
hypertension, DM, and family history of CAD.

Statistical analysis

Data were tested for normality using Kolmogorov-Smirnov
test. Categorical variables were presented as frequencies and
percentages, normally distributed quantitative variables were
expressed as means and standard deviations (SD), while non-
normally distributed quantitative variables were represented as
median and interquartile range (IQR). Values of Lp(a) concen-
trations were compared according to CAD results by using the
Mann-Whitney test to compare between two groups. A P value
< 0.05 was considered as significant. All the statistical analy-
ses were performed using the SPSS software package (version
18.0, SPSS Inc. Chicago, Illinois).

Ethical approval

This study was approved by the Institutional Review Board
(IRB) committee at the JUH. All procedures performed in
studies involving human participants were in accordance with
the ethical standards of the institutional research commit-
tee (the IRB; reference number: 69/2018), and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards. This article does not contain any studies with
animals performed by any of the authors.
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Table 1. Characteristics of the Patients

Number (%)
Men 58 (63.7)
Smoking 37 (40.7)
Hypertension 38 (41.8)
Diabetic 17 (18.7)
Dyslipidemia 10 (11.0)
Family history 11 (12.1)
Results

A total of 512 patients were screened for eligibility; 91 patients
met selection criteria. There were 58 males (63.7%) and 33 fe-
males (36.3%) (Table 1). Mean age of the 91 patients was 55.6
+ 1.3 (SD) years (Table 1). Age was normally distributed for
the whole study population and for each separate study group.
Mean age was 57.4 + 3.09 years for ectasia group, 52.3 + 1.78
years for patients with normal catheterization, 57.3 + 3.9 years
for patients with non-obstructive stenosis and 56.8 + 2.8 years
for patients with severe obstructive stenosis (Table 2).

Results of catheterization showed that, 35 (38.5%) pa-
tients with normal catheterization, 15 (16.5%) patients with
ectasia, 18 (19.8%) patients with non-obstructive stenosis and
23 (25.3%) patients with severe obstructive stenosis.

Lp(a) values had a skewed distribution so they were rep-
resented as median and IQRs. Median level of Lp(a) in the
general sample was 18.5 mg/dL (Fig. 1). Regarding the pri-
mary outcome, there was no significant difference in Lp(a)
levels between normal and ectasia groups (median: 17.5 (9.8
- 32.3) mg/dL vs. 20.4 (12.3 - 32.8) mg/dL, respectively; P
value = 0.38) (Table 2); also there was no significant difference
in Lp(a) levels between any of the catheterization groups in
study population. In the sample subgroup of patients with total
triglycerides < 150 mg/dL and total cholesterol < 200 mg/dL,

Detrended Normal Q-Q Plot of LP(a) (mg/dl)

Dev from Normal

po0 0 O

Observed Value

Figure 1. Lp(a) not normally distributed. Lp(a) values had a skewed
distribution on Kolmogorov-Smirnov test; so they were represented as
median and interquartile ranges. Median level of Lp(a) in the general
sample was 18.5 mg/dL. Lp(a): lipoprotein (a).

there were six patients with ectasia, 22 with normal coronaries,
13 with non-obstructive coronary artery disease and 13 with
obstructive coronary artery disease; there was no significant
difference in the levels of Lp(a) between ectasia patient and
normal group patients (P value = 0.54). In addition, in patients
with total triglycerides < 200 mg/dL and total cholesterol <
240 mg/dL, there were nine patients with ectasia, 31 with nor-
mal coronaries, 14 with non-obstructive coronary artery dis-
ease and 15 with obstructive coronary artery disease (P value
=0.14).

On Kolmogorov-Smirnov test for the 91 patients, LDL
and total cholesterol were normally distributed while HDL and
total triglyceride were not normally distributed. HDL levels
were significantly lower in CAE group compared with normal
coronaries group (median: 36 mg/dL (31.5 - 47) vs. 47 mg/
dL (39 - 57), respectively; P value = 0.02) (Table 2). For total

Table 2. Clinical Characteristics and Lipid Profile for Normal and Ectasia Groups

Parameters

Normal (n = 35)

Age in years (mean + SD)
Weight (kg) (mean + SD)

Height (mean + SD)

BMI (kg/m?) (median (IQR))
Lp(a) (mg/dL) (median (IQR))

LDL (mean + SD)
HDL (median (IQR))
Cholesterol (mean + SD)

Triglyceride (median (IQR))
Fasting blood sugar (median (IQR))

HbAlc (median (IQR))

523+1.8
86.4 (2.84)

167.8 (1.4)

29.9 (28.4 - 33.1)
17.5 (9.8 - 32.3)
117.6 (6.2)

47 (39 - 57)
170.0 (6.2)

102 (71 - 138.5)
99 (90.4 - 112.4)
57(54-6.1)

Ectasia (n=15) Non-obstructive CAD Obstructive CAD P value
574+3.1 573+39 56.8+2.8 0.17
94.9 (5.4) 86.8 81.4 0.22
170.3 (2.5) 167.9 168.6 0.22
31.6 (27.6 - 36.2)  29.7 kg/m? (£ 1.6, SD) 28.86 (£ 1.33,SD) 0.32
20.4 (12.3 - 32.8) 0.38
137.1 (10.8) 117.5 127.9 0.16
36 (31.5-47) 38.00 39.00 0.02
187.6 (9.9) 156 169.4 0.16
110 (83 - 186.5) 101 90 0.19
104.5 (95-129.1) 112 102 0.24
59(.7-7) 5.8 5.5 0.02

CAD: coronary artery disease; SD: standard deviations; IQR: interquartile range; BMI: body mass index; Lp(a): lipoprotein (a); LDL: low-density

lipoprotein; HDL: high-density lipoprotein; HbA1c: hemoglobin A1c.
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Figure 2. Lp(a) levels in males and females in the general sample.
There is no significant difference in Lp(a) levels between males and
females (median: 18.5 mg/dL in males vs. 17.5 mg/dL in females, P
value = 0.811). Lp(a): lipoprotein (a).

cholesterol levels, the only observed significant difference was
between ectasia group and non-obstructive stenosis group with
values being higher in the ectasia group (median: 184.5 mg/dL
vs. 159 mg/dL, respectively, P value = 0.04) (Table 2).

There is a significant correlation between ectasia group
and gender; males were 5.33 times more likely to have ectasia
compared to females (odds ratio = 5.33, 95% confidence inter-
val (1.3 - 22.3)).

There was no significant difference in Lp(a) levels between
males and females in the general sample (median: 18.5 mg/dL
in males vs. 17.5 mg/dL in females, P value = 0.811) (Fig.
2). In addition, no significant difference was found in Lp(a)
levels between males and females in each separate catheteriza-
tion group. In normal coronaries group, Lp(a) levels were 18
mg/dL in males vs. 16.5 mg/dL in females, P value = 0.7. In
patients with non-obstructive stenosis, Lp(a) levels were 19
mg/dL in males vs. 18.9 mg/dL in females, P value = 0.48. In
patients with obstructive stenosis, Lp(a) levels were 23.8 mg/
dL in males vs. 30.6 mg/dL in females, P value = 0.17. Lastly,
in patients with CAE, Lp(a) levels were 20.8 in males vs. 19 in
females, P value = 0.47.

BMI was normally distributed for the whole study popula-
tion and for each separate study group. Mean value of BMI in
the general sample was 30.3 + 0.67 (SD) kg/m2. Mean BMI
in ectasia group was 32.7 + 1.7 (SD) kg/m?, in normal group
30.7 £ 1.02 (SD) kg/m?, non-obstructive stenosis group 29.7 +
1.6 (SD) kg/m? and in severe obstructive group 28.86 + 1.33
(SD) kg/m? with no significant difference between any of the
groups (Table 2).

In addition, there was no significant correlation between
hypertension and CAE. On the other hand, HbA 1¢ values were
significantly higher in ectasia group compared to normal (5.9
mg/dL vs. 5.7 mg/dL, P value = 0.02) (Table 2).

In our study sample, 37 (40.7%) of the patients were
smokers (Table 1); five patients with ectasia in comparison to
14 in normal group. There was no significant correlation be-
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tween smoking and having ectasia.

In patients with ectasia, only one patient had a family his-
tory of coronary artery disease while there were 14 in normal
group. On Pearson Chi-square correlation test, there was no
significant correlation between ectasia and having a family
history of coronary artery disease; P value (0.086) is greater
than the significance level (0.05).

Discussion

CAE is defined as > 1.5-fold dilation of a coronary artery with
respect to the diameter of adjacent normal segments [1, 2, 4].
CAE which is considered to be a variant of atherosclerotic dis-
eases is uncommonly encountered in diagnostic angiographic
procedures with an incidence of 0.3-4.9% [3]. Exaggerated ex-
pansive remodeling as a result of enzymatic degradation and
media thinning causing a chronic inflammation is thought to
participate in the etiology of CAE [3, 4].

Lp(a) is one of the lipoproteins which is similar in struc-
ture to LDL except that Lp(a) has apoA bound to apoB-100
via one disulfide bond [8, 9]. Lp(a) was proved to be an inde-
pendent causal factor of atherosclerotic diseases; levels above
(20 - 30 mg/dL) are associated with 2-fold risks of developing
coronary artery disease [9]. In other studies, elevated Lp(a)
levels were shown to be associated with abdominal aortic an-
eurysms (AAA) which resembles the pathophysiology of CAE
[12, 14, 15]. To our knowledge, the relationship between CAE
and Lp(a) was never studied in current medical literature.

Our study sample enrolled patients being admitted for
elective cardiac catheterization due to variable cardiac indica-
tions. Patients were not enrolled in the study in the setting of
acute coronary syndrome as previous studies showed altered
lipids levels in these patients; it was reported that multiple li-
pids such as LDL, HDL and total cholesterol decrease follow-
ing acute coronary syndrome while triglyceride level increased
[16, 17]. Furthermore, our study excluded a priori patients
with previous history of coronary artery disease and patients
on anti-lipidemic drugs to assure that lipid levels including
Lp(a) are not altered by the use of medications.

We found there was no significant difference in Lp(a)
levels between the different catheterization categories in the
whole sample; Lp(a) levels in normal and ectasia groups were
(median: 17.5 (9.8 - 32.3) mg/dL vs. 20.4 (12.3 - 32.8) mg/
dL, P value = 0.38). To our knowledge this is the first study to
evaluate possible correlations of Lp(a) levels with CAE. How-
ever, contrary to our expectations, no correlations were found.

We also found no significant correlation between Lp(a)
levels and CAE in the normolipidemic to borderline lipidemic
patients (triglycerides < 150 and total cholesterol < 200 or tri-
glycerides < 200 and total cholesterol < 240). The role of el-
evated Lp(a) in the pathophysiology of CAE in patients with
normal to borderline levels of lipids cannot be therefore con-
firmed.

Lp(a) accumulates in blood vessel wall inhibiting binding
of plasminogen to cell surface. It should be noted here that
a previous study of Sofi et al showed significantly increased
levels of plasminogen activator inhibitor-1 and Lp(a) in pa-
tients with abdominal aortic aneurysms [18]. In addition the
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study of Cicek et al demonstrated significantly increased levels
of plasminogen activator inhibitor-1 in patients with isolated
CAE compared to the normal coronary patients [19]. Later an-
other study supported these finding showing decreased levels
of plasminogen activity and increased concentrations of plas-
min inhibitors in CAE patients [20]. Further studies are needed
to investigate association between Lp(a) and plasminogen in
patients with CAE.

In regards to gender, our study showed that males were
5.33 times more likely (odds ratio = 5.33, 95% confidence in-
terval (1.28 - 22.32)) to develop ectasia more than females. This
is higher than the gender trend reported in literature with male
to female ration of 3:1, this higher ratio is mostly due to more
males recruited in this study (63% of study population) [3].

There was, however, no significant difference in Lp(a)
levels between males and females in the general sample (me-
dian: 18.5 mg/dL in males vs. 17.5 mg/dL in females, P value
= 0.81); neither there was any significant difference in Lp(a)
levels between males and females in any of the catheterization
groups; ectasia, normal coronaries, non-obstructive stenosis,
and obstructive stenosis.

Being a part of the spectrum of atherosclerotic disease,
ectasia was shown to be associated with many atherosclerotic
risks including dyslipidemia such as lower HDL levels com-
pared with the non-ectasia patients in the study of Sudhir et
al [21]; levels in that study were 47.2 + 2.6 mg/dL; 55.8 £ 1.2
mg/dL, respectively (P value = 0.003). Our study confirmed
this association; and we found that lower HDL levels in ectasia
group compared with the normal coronary patients; median:
36 (31.5 - 47) mg/dL vs. 47 (39 - 57) mg/dL, respectively (P
value = 0.02). Familial hypercholesterolemia was also shown
to be associated with ectasia [21], total cholesterol levels in
our study were significantly higher in the ectasia group com-
pared with the non-obstructive coronary stenosis group; mean:
187.65 mg/dL vs. 156.0 mg/dL, respectively (P value = 0.04).

There was a controversy in literature regarding the asso-
ciation of hypertension, DM, smoking and family history with
CAE. Our study showed a significant correlation between CAE
and elevated HbA 1 ¢ levels as compared to the normal coronary
group (5.9 mg/dL vs. 5.7 mg/dL, P value = 0.021). In addition,
we found a significant correlation between family history of
coronary artery disease and CAE. However, there was no sig-
nificant association of hypertension or smoking with ectasia.
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