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Abstract 
 

The underlying pathology of Isolated Coronary Artery Ectasia (ICAE) still remains unknown; 
however, endothelial dysfunction (ED) may be responsible for the disease process.  The aim of 
this study was to assess the endothelial functions of patients with ICAE in comparison to 
patients with normal coronary arteries (NCA) by using flow-mediated dilatation (FMD) in the 
brachial artery. Thirty patients with ICAE, and 30 control subjects with angiographically NCA 
were included in this study. The FMD was measured in all patients using a high-resolution 
ultrasonographic system. The results showed that the baseline brachial artery diameters in 
patients with ICAE were not statistically different from those in patients with NCA (4.3 ± 0.3 
vs.4.2 ± 0.3 mm, respectively, p = 0.265).  However, the forearm FMD of the patients with ICAE 
was significantly lower than the values in the control group (8.5 ± 4.0 vs. 13.7 ± 3.0%, p <0.001).  
In addition, patients with ICAE have significantly higher levels of low-density lipoprotein (LDL) 
cholesterol compared to the control group (114.5 ± 28.8 vs. 97.9 ± 31.5 mg/dL, p = 0.03).  
Therefore, we conclude that patients with ICAE have more severe ED than patients with NCA, 
which supports the hypothesis that atherosclerosis may be involved in the pathogenesis of 
coronary ectasia. Hyperlipidemia may have a key role in the disease process. 
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Introduction 
 
Coronary Artery Ectasia (CAE) is defined as localized or 
diffuse dilations of the coronary arteries, which exceed 
the 1.5-fold adjacent normal coronary segment [1]. Iso-
lated CAE (ICAE) occurs without significant stenosis or 
occlusion of the coronary artery [2]. The prevalence of 
ICAE is approximately 0.12% to 1.3% in diagnostic car-
diac catheterizations [3,4]. Although the exact patho-
physiologic mechanism remains unclear, coronary artery 
disease (CAD) is the coexisting pathology in more than 
50.0% of cases and is generally responsible for coronary 
ectasia [3,5]. Due to the high coexistence rate of the two 
pathologies, ICAE is thought to represent a different form 
of atherosclerosis and vascular remodeling [6,7]. 
 
Endothelial dysfunction (ED) is considered an early 
marker for atherosclerosis, preceding angiographic or 
ultrasonic evidence of the atherosclerotic plaque [8,9]. 
Several reports have demonstrated ED in patients with 
ICAE [10-12].  However, evaluation of the endothelial 

functions in ICAE with FMD is limited. FMD of systemic 
arteries is a non-invasive parameter of endothelial func-
tion, and correlates significantly with invasive testing of 
coronary endothelial function, as well as with the severity 
and extent of coronary atherosclerosis [13].  
 
In this study, we aimed to assess the endothelial function 
of patients with ICAE in comparison to patients with 
normal coronary arteries (NCA) by using FMD in the 
brachial artery.  
 

Materials and Methods 
 

Subjects 
This cross-sectional study consisted of 60 patients who 
underwent coronary angiography at the Faculty of 
Medicine of Afyon Kocatepe University between January 
1, 2007 and January 1, 2009. Out of the total, 30 patients 
(mean age 47.3 ± 6.9 years; 17 men) had ICAE while 30 
age- and sex-matched patients (mean age 48.4 ± 6.2 
years; 19 men) with normal coronary angiograms were 
used for the control group. 
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The study population had normal sinus rhythm with nar-
row QRS complex on the electrocardiography (ECG). 
Exclusion criteria were as follows: acute coronary syn-
drome, previous myocardial infarction and coronary ar-
tery stenosis of greater than 50.0% in either the ectatic 
coronary artery or in the nonectatic coronary arteries; 
congestive heart failure, pericarditis, congenital heart 
disease, valvular heart disease, chronic obstructive pulm-
onary disease, permanent pacemaker implantation, atrial 
flutter or fibrillation, atrioventricular conduction abnor-
malities, patients taking vasoactive medications; periphe-
ral vascular diseases, alcohol abuse, renal, hepatic and/or 
thyroid disease.   
 
Coronary Angiography  
Coronary angiography was performed using a Siemens 
Axiom Artis angiography device with a standard Seld-
inger’s technique. In order to evaluate each coronary 
artery, at least four views from left and two views from 
right system were taken. Angiographic images were 
evaluated by two independent researchers.  
 
ICAE was defined as dilatation of at least one epicardial 
coronary artery 1.5 times the reference vessel diameter 
and absence of critical stenosis (≥ 50%) in any of the 
coronary arteries [2]. NCA was defined as the absence of 
angiographic atherosclerosis. 
 

All patients were evaluated clinically using ECG and 
routine biochemical tests. Written informed consent was 
obtained from all participants and the study protocol was 
approved by the local ethics committee. 
 

Flow-Mediated Dilatation 
Brachial artery endothelium-dependent FMD was determi-
ned using a high resolution ultrasound system (Philips HD  
11 XE, 2008, GERMANY) with a linear transducer mid- 
frequency of 7.5 MHz as described by Celermajer et al. [14]. 

All measurements were performed in a quiet and tempera-
ture controlled room (25°C) by a single cardiologist without 
the knowledge of the angiographic data of the patients. Pa-
tients fasted for at least 12 hours before the measurements. 
Subjects had to rest for at least 10 minutes before the first 
scan was recorded. A pneumatic cuff placed around the 
forearm was inflated to at least 50 mm Hg above systolic 
pressure for 5 minutes. The second scan was recorded 30 
seconds before and 90 seconds after cuff deflation. Electro-
cardiography was monitored continuously throughout the 
study. All measurements were made at the end diastole inci-
dent on the R wave on a continuously recorded electrocar-
diogram. Cardiac cycles were analyzed for each scan and the 
measurements were averaged. FMD was calculated by the 
formula: [FMD (%) = (Brachial artery diameter at 90 s after 
hyperemia – basal brachial artery diameter) /(basal brachial 
artery diameter  X 100)].  
 
Statistical Analysis 
Statistical analysis was performed using SPSS for Windows 
version 17.0 (SPSS Inc., Chicago, IL, USA). Values are 
presented as mean value ± SD for continuous variables and 
as percentages for categorical variables. Continuous vari-
ables were compared using Student’s t-test. A p-value of less 
than 0.05 was considered significant. 
 

Results 
 

The baseline demographic and clinical characteristics of the 
patients with CAE and NCA are presented in Table 1. The 
groups did not differ in terms of age, sex, and body mass 
index (all p > 0.05). In addition, the risk factors for CAD 
such as hypertension and diabetes mellitus did not signifi-
cantly differ between the two groups. The groups were also 
similar in terms of serum levels of fasting blood glucose, 
creatinine, total cholesterol, high-density lipoprotein (HDL) 
cholesterol, and triglyceride. However serum levels of LDL 
cholesterol was higher in patients with CAE. 

 
Table 1. Baseline clinical characteristics of the study population 

 

 CAE (n = 30) NCA (n = 30) p-value 
Age (years) 47.3 ± 6.9 48.4 ± 6.2 0.53 
Gender (F) (%) 13 (43.3%) 11 (36.6%) 0.60 
Body Mass Index(kg/m2) 28.7 ± 3.4 27.2 ± 2.8 0.75 
Heart Rate(/min) 76.6 ±11.1 72.8 ± 8.5 0.13 
Hypertension (%) 10 (33.3%) 8 (26.7%) 0.58 
Diabetes Mellitus (%) 3 (10.0%) 2 (6.7%) 0.64 
Systolic BP (mmHg) 118.5 ± 9.5 119.8 ± 12.5 0.79 
Diastolic BP (mmHg) 82.1 ± 10.4 78.7 ± 9.6 0.21 
Glucose (mg/dL)  99.2 ± 29.1 93.8 ± 21.1 0.41 

Creatinine (mg/dL) 0.84 ± 0.14 0.88 ± 0.14 0.26 
Total Cholesterol (mg/dL) 189.1 ± 36.6 172.2 ± 32.2 0.06 
LDL-Cholesterol 114.5 ± 28.8 97.9 ± 31.5 0.03 
HDL Cholesterol (mg/dL) 40.2 ± 8.87 43.4 ± 9.04 0.17 
Triglyceride (mg/dL) 169.2 ± 92.6 137.8 ± 80.0 0.21 
Data are shown as n or mean ± SD, F-Female, and BP-Blood Pressure 
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Table 2. Brachial artery lumen diameters and flow-mediated dilatation values of the study population 

 
 CAE (n = 30) NCA (n = 30) p-value 
Brachial artery basal lumen diameter (mm) 4.3 ± 0.3 4.2 ± 0.3 0.265 
FMD (%) 8.5 ± 4.0 13.7 ± 3.0 <0.001 
Data are shown as n or mean ± SD. 
 

 
 

Figure 1. Comparison of flow-mediated dilatation. Each box represents the mean ± SD  
of flow-mediated dilatation in each group. 

 
CAE was frequently located in the right coronary artery 
(66.6%), followed by left anterior descending artery 
(40.0%), and circumflex artery (33.3%). According to the 
Markis classification, type 1 was present in 6 (20.0%), 
type 2 in 12 (40.0%), type III in 7 (23.3%), and type IV in 
5 (16.7%) patients [15].  
 
The baseline brachial artery diameters in patients with 
CAE were not statistically different than those in patients 
with NCA (4.3 ± 0.3 vs. 4.2 ± 0.3 mm, p = 0.265). How-
ever, the forearm FMD of the patients with CAE was 
significantly lower than those in patients with NCA (8.5 ± 
4.0 vs. 13.7 ± 3.0 mm, p < 0.001; Table 2 and Figure 1). 
 
Discussion 
 
The main finding of this study is that endothelium-
dependent vasodilatation of patients with ICAE is lower 
in comparison to the patients with NCA, indicating im-
pairment of endothelial functions in ICAE. We also found 
that patients with ICAE have higher LDL-cholesterol 
levels than the control group. 

CAE has been suggested commonly as a variant of CAD. 
Although in several cases, it has been considered congeni-
tal or associated with inflammatory or connective tissue 
diseases, in about half of the cases, the disease coexists 
with atherosclerotic CAD [15-17].  The clinical presenta-
tion of CAE is also similar to CAD. A retrospective study 
demonstrated that the incidence of angina pectoris in 
patients with CAE was not different from that in patients 
with significant coronary artery stenosis [18]. Addition-
ally, the presence of ectatic segments produces slow-
moving or chaotic blood flow that causes exercise-
induced angina and myocardial infarction [19]. 
 
The cardiovascular risk factors, especially hyperlipide-
mia, have been shown to play a role in CAE.  Sudhir et al. 
[20] demonstrated increased prevalence of coronary ecta-
sia in familial hypercholesterolemia related to higher 
levels of LDL cholesterol, lower levels of HDL choles-
terol, and hence, a higher LDL/HDL ratio. Similarly, we 
found significantly higher levels of LDL cholesterol and, 
to a lesser extent, a higher total cholesterol level in pa-
tients with ICAE. It has been hypothesized that structural 
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weakening of the connective tissue elements in the artery 
wall of ectatic segments may result from interaction of 
LDL with collagen and elastin, increasing endocytosis by 
macrophages and smooth muscle cells [21]. Thus CAE is 
considered to be an original form of vascular remodeling 
in response to atherosclerosis.  
 
However, it is not clear why only a few of these patients 
develop CAE, while others do not [11,20]. According to 
histopathological reports, there is still controversy about 
which layer of the artery is mostly affected. Several stud-
ies suggest destruction of the media layer of the artery 
[16,22], while others revealed that the underlying histopa-
thological alterations share similar characteristics with 
coronary atherosclerotic lesions (diffuse hyalinization as 
well as intimal and medial damage) [15,16].  
 
In this study, we tested the hypothesis that ICAE is a 
similar disease entity as CAD, which involves the intima 
of the arterial wall and results in ED. The endothelial 
functions have been studied before in patients with CAE. 
Erden et al. [23] compared patients with ICAE and pa-
tients with NCA according to their Asymmetric dimethy-
larginine (ADMA) levels. ADMA is the principal en-
dogenous inhibitor of nitric oxide synthase and is consid-
ered to be a marker of endothelial function. They found 
significantly higher levels of ADMA in patients with 
ICAE, suggesting ED may be an important factor in the 
pathogenesis of CAE. Similarly Celik et al. [24] showed 
increased carotid intima-media thickness (IMT) in pa-
tients with ICAE and concluded that atherosclerosis may 
be involved in the pathogenesis of ICAE. However, an-
other ultrasonographic study demonstrated that carotid 
IMT was significantly less in patients who had ICAE and 
cardiac sydrome X compared with the CAD patients, 
indicating that the mechanism underlying CAE might 
differ from the ones observed in atherosclerosis [12]   
 
We have investigated endothelial function in the brachial 
artery using high resolution vascular ultrasound with 
FMD technique, an accurate and reproducible test that 
relates mainly to endothelial nitric oxide release in re-
sponse to shear stress [25,26]. Endothelial function in the 
brachial artery correlates significantly with that in the 
coronary vasculature [27], as well as with the extent of 
coronary disease assessed angiographically [28]. 
 
We have detected that the ICAE group had lower values 
of FMD showing ED. Our findings support the hypothesis 
of atherosclerotic involvement in the disease process. 
FMD of patients with ICAE has been investigated previ-
ously. Aksoy et al. [10] studied FMD, and nitrate-
mediated dilatation (NMD) in patients with CAE in com-
bination with CAD (CAE + CAD) and patients with CAE 
alone. They found that FMD of the patients with CAE 
+CAD did not differ from that of patients with CAD 

alone, indicating that the destruction of intima layer was 
similar. However, NMD was significantly lower in 
CAE+CAD group, suggesting the main region of destruc-
tion was the media layer in CAE group. On the other 
hand, Kim et al. [12] found that FMD of ICAE group was 
significantly higher than CAD and cardiac syndrome X 
groups. They thought endothelial function was normal in 
ICAE and the reason of ectasia was not atherosclerosis. 
Interestingly, the NMD of the 3 groups were similar in 
that study.  
 
Limitations of Study 
The main limitation of this study was the absence of the 
evaluation of endothelium-independent dilatation with 
NMD test. The NMD evaluates the underlying smooth 
muscle function of medial layer. Despite the conflicting 
findings of CAE studies using NMD, we already knew 
about the histopathological destruction of the medial layer 
to some extent. However, the aim of this study was to 
assess the endothelial functions by FMD to determine if 
atherosclerosis affected the intima layer during the dis-
ease process. The small sample size and lack of the in-
flammatory markers were the other limitations of this 
study.  
 
Conclusion 
 
Our results suggest that the pathogenesis of ICAE might 
be associated with atherosclerotic involvement, which is 
consistent with previous reports. Hyperlipidemia may 
have a special role in the disease process; however, fur-
ther clinical and experimental investigations are required 
to uncover the exact molecular mechanisms involved in 
ectasia. 
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