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Abstract
The pathophysiology of isolated coronary artery ectasia (CAE) takes in inflammation and atherosclerosis. It is clear that basophils have a critical role in endothelial 
dysfunction, atherosclerosis and inflammation. In this study, it was aimed to examine the association between isolated CAE and basophilia. All cases who underwent 
coronary angiography between January 2013 and April 2018 evaluated retrospectively. Of 10985 cases, 173 (107 males) with isolated CAE and 220 with normal coronary 
angiography (NCA) that age and gender matched subjects (119 males) were recorded. Hospital’s database was used to derive the biochemical and hematological test 
results, and baseline characteristics. White blood cell (WBC) count and basophil count were significantly elevated for the cases that have angiographic isolated CAE when 
compared to the subjects with NCA [ 7.87 (6.83-9.42)109/ L vs 7.48 (6.27-8.67) 109/ L, p=0.01; 0.04 (0.03-0.05) 109/ L vs 0.03 (0.02-0.05) 109/ L, p=0.03, respectively]. 
According to receiver operating characteristics curve analyses (ROC); the specificity of a basophil value > 0.037 109/ L (measured prior to coronary angiography) in 
predicting isolated CAE was 57,3% and the sensitivity was 57.2% (area under the curve [AUC] 0.562, 95% CI 0.505, 0.618; p=0.03). Patients with isolated CAE have 
higher blood basophil count. Elevated blood basophil count may have a substantial mission in the pathogenesis of isolated CAE.
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Introduction

Being a congenital or acquired coronary anomaly, CAE is described 
as the local or wide extension of a partial or entire epicedial 
coronary artery which is larger 1.5 times more than the adjacent 
normal coronary artery’s diameter [1-5]. CAE aetiology has been 
attributed to atherosclerosis (50%), congenital malformations (20–
30%) and connective tissue or inflammatory diseases (10–20%) 
[6]. It is generally considered to be a variant of atherosclerotic 
cardiac disease. However, many studies have revealed a presence 
of more intense inflammation in CAE than obstructive coronary 
artery disease [7,8].

Basophils are the cells with the lowest proportion in circulation 
with important immunomodulatory characteristics [9]. There are 

many studies that demonstrate basophils have effect on coronary 
artery disease. Mochizuki et al., [10] have determined a connection 
between atherosclerotic risk factors and basophil count. According 
to Toyama et al., [11] for the patients with coronary artery disease, 
basophil count decrease by statin treatment and this causes 
decrease in arterial wall stiffness. There are also studies showing 
an association between histamine that released from basophils and 
atherosclerosis [12,13].

Is it possible to associate basophils with isolated CAE of which 
inflammation and atherosclerosis play a role in ethiopathogenesis? 
We aimed to examine whether there is an association between 
plasma basophil count and presence and severity of isolated CAE 
to answer this question.

Material and Methods 

Study Population 

Angiography records of 10985 Turkish patients who underwent 
coronary angiography because of chest pain or objective signs 
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of ischemia (with treadmill exercise or myocardial perfusion 
SPECT [single photon emission computed tomography]) 
were retrospectively evaluated for the presence of isolated 
CAE. Angiography records belonged to coronary angiography 
procedures performed between January 2013 and April 2018 at 
Elazığ Training and Research Hospital. The study included 173 
subjects who have isolated CAE and 220 age and gender matched 
subjects who have normal coronary anatomy (NCA). Routine 
clinical and laboratory values (complete blood count and total 
biochemistry values, etc.) of the subjects were obtained from their 
files (Figure 1). 

The study was carried out in conformity with Helsinki principles 
and ethics approval obtained from the Presidency of University 
Ethics Committee. Because the used data was anonymous in 
nature, no written informed consent obtained.

Coronary angiography and assessment of isolated CAE

A “Siemens Axiom Artis FC diagnostic device (Siemens Healthcare 
GmbH, Forchheim, Germany)”, was utilized to perform coronary 
angiography and Judkins technique was applied during operation 
[14]. 

Coronary angiography records were obtained from right and left 
anterior oblique cranial, AP cranial, right anterior oblique, caudal, 
and horizontal positions. As an opaque ingredient during the 
coronary angiogram, iohexol 350mgI / ml (Amersham Health, Co. 
Cork, Ireland) were used. 6 ml of opaque ingredient was injected 
into coronaries at each position during the procedure. Angiography 
was recorded digitally with the frame rate at 25 frames/millisecond. 
Coronary artery diameters were determined by computerized 
quantitative angiography. These measurements were obtained by 
analysing the digital data obtained from coronary angiographies 
using the Scientific Quantification Coronary Analysis software 
(Siemens Healthcare Gmbh, Forcheim, Germany). A calibration 
was applied to evaluate the coronary artery lumen’s real diameter, 
with the catheter diameter. To identify the artery segment as 
ectatic, measurements were taken at the proximal, mid and distal 
segments of the coronary arteries in patients who were considered 
to have an ectatic coronary segment. The CAE was defined as 1.5 
times or more enlargement of the coronary artery compared to 
the adjacent coronary artery. Isolated CAE defined as regional or 
widespread expansion without significant coronary artery stenosis. 
Angiographic stenosis of more than 50% of the coronary artery 
was considered as significant stenosis. Patients without significant 
coronary artery stenosis and have ectatic segment were included 
in the isolated CAE group. The characteristics of the CAE were 
categorized as diffuse or discrete ectasia for classifying the severity 
of the CAE. The fusiform dilatations of the coronary arteries are 
identified as diffuse ectasia. On the other hand, localized/focal 
vesicular or spheroidal dilatation of the coronary arteries are 
identified as discrete ectasia (Figure 2-5) [6]. 

The classification by Markis et al,. [4] was used to detect the 
distribution of coronary artery ectasia. The diffuseness of ectasia 
is the basis of this classification. Accordingly, patients who have 
isolated CAE was classified in four groups: Type I; diffuse ectasia 
in two or three vessels, Type II; diffuse ectasia in only one vessel 
and focal ectasia in the another vessel, Type III; diffuse ectasia in 
only one vessel, Type IV; focal ectasia.

Study Exclusion Criteria

Subjects with acute coronary syndrome, significant coronary artery 
stenosis (angiographic stenosis>50%), isolated coronary slow 
flow, anaemia (Htc<%30), cardiac failure, thyroid dysfunction, 
malignancy, chronic renal deficiency (Glomerular Filtration 
Rate [GFR] <60mL/min/1.73 m2), chronic liver failure, chronic 
obstructive pulmonary disease and/or bronchial asthma in addition 
to subjects who were found to be using immunosuppressive 
therapy or steroid medication or BMI> 30 kg / m2 were excluded 
from the study.

Also subjects had a recent history of an acute infection or and high 
body temperature > 37.2 °C, an inflammatory or allergic disease 
were not included in the analysis.

Statistical Evaluation

The “SPSS version 16.0 (SPSS Inc., Chicago, IL, USA)” was 
employed for statistical analyses. Ability of continuous variables 
to normal distribution, was analyzed utilizing the Kolmogorov-
Smirnov test. Continuous variables were presented as means 
with standard deviations or medians with 25th–75th percentiles. 
Categorical variables were represented as numbers with 
percentages. Continuous data were analyzed by Student’s t-test 
for normally distributed variables and Mann–Whitney U test for 
non-normally distributed variables. With the exception potassium 
and calcium, all continuous values had not normal distribution and 
Mann-Whitney U test was utilized to compare these parameters. 
Categorical data were analyzed using chi-square test. Bonferroni 
test was used to validate one-way ANOVA analysis for comparison 
between groups (among subjects with diffuse ectasia, focal ectasia 
and NCA). ROC test was used to evaluate the specificity and 
sensitivity of basophil and its optimum cut-off value. Spearman’s 
correlation test was executed for correlation analyses. p<0.05 were 
considered to indicate statistical significance.

Results

The data about 10985 subjects who went through coronary 
angiography were screened retroprospectively. 173 subjects (107 
males) with isolated CAE and 220 age and gender matched subjects 
(119 males) with NCA were enrolled into the study. White blood 
cell (WBC) count and basophil count for isolated CAE group were 
significantly higher when they were compared to NCA group [ 7.87 
(6.83-9.42) 109/ L vs 7.48 (6.27-8.67) 109/ L, p= 0.01; 0.04 (0.03-
0.05) 109/ L vs 0.03 (0.02-0.05) 109/ L, p=0.03, respectively] (Table 
I, Figure 6). On the other hand, levels of high density lipoprotein 
cholesterol (HDL-C) for the NCA group were significantly higher 
when compared to the other group (46.95 (40.0-56.0) mg/dL vs 
41.0 (35.8-50.0) mg/dL, p<0.0001, respectively) (Table I). In the 
one-way ANOVA analysis among subjects with diffuse ectasia, 
focal ectasia and NCA , basophil levels were higher in subjects 
with diffuse ectasia than in subjects with NCA, on the other hand 
no significant difference was observed between subjects with focal 
ectasia and NCA and between subjects with diffuse ectasia and 
focal ectasia (Table II, Figure 7). 

In correlation analysis, there was no significant relationship 
between any Markis classification and basophil count (p=0.49, r 
=-0.052) or diffuse or focal ectasia (p=0.44, r =0.059) (Table III). 
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According to the ROC curve analysis, in guessing isolated CAE, 
the specificity of an basophil level > 0.037 109/ L (measured prior 
to coronary angiography) was 57,3% and the sensitivity was 
57.2% (area under the curve [AUC] 0.562, 95% CI 0.505, 0.618; 

p=0.03) (Figure 8). 

No meaningful difference was detected within the groups with 
regard to other investigated laboratory parameters (Table I).

Table 1. Inter-group comparison of demographical and laboratory data

CAE (173) NCA (220) P value

Sex, n (male/ female) 107/66 119/101 0.12

Hypertension, n (%) 58/173 (33.5) 59/220 (26.8) 0.15

Hyperlipidemia, n (%) 71/173 (41.0) 82/220 (37.3) 0.44

Diabetes mellitus, n (%) 39/173 (22.5) 45/220 (20.5) 0.61

Smoking, n (%) 66/173 (38.2) 71/220 (32.3) 0.22

Age,( year) 56.0 (52.5-61.0) 55.0 (51.0-59.0) 0.06

Platelet,( 109/ L) 260.0 (227.5-298.0) 255.0 (214.25-300.0) 0.19

Glucose, ( mg/dl) 99.0 (90.0-110.50) 96.0 (89.0-108.0) 0.14

Triglycerides(mg/dL) 150.0 (108.50-218.0) 137.45 (115.0-155.0) 0.09

Low density lipoprotein cholesterol, ( mg/dl) 115.0 (92.5-139.0) 112.0 (90.0-125.0) 0.05

Total cholesterol, ( mg/dl) 190.0 (161.5-213.5) 188.20 (166.15-200.0) 0.28

HDL cholesterol, (mg/dL) 41.0 (35.8-50.0) 46.95 (40.0-56.0) <0.0001

Basophil,( 109/ L) 0.04 (0.03-0.05) 0.03 (0.02-0.05) 0.03

Hemoglobin,(g/dl) 14.40 (13.5-15.15) 14.0 (13.5-15.0) 0.08

Hematocrit, (%) 42.90 (40.35-45.60) 42.0 (40.5-45.0) 0.13

White blood cell,( 109/ L) 7.87 (6.83-9.42) 7.48 (6.27-8.67) 0.01

Urea, ( mg/dl) 30.0 (24.0-36.0) 29.85 (23.7- 35.0) 0.24

Creatinine, ( mg/dl) 0.69 (0.51-0.80) 0.67 (0.57-0.78) 0.72

Sodium, (mmol/L) 140 (138-142) 140.0 (137.0-142.0) 0.29

Potassium, (meq/L) 4.35± 0.40 4.42± 0.51 0.15#

Calcium, ( mg/dl) 9.24± 0.46 9.28± 0.48 0.38#

#Normality of the distribution was evaluated by the Kolmogorov-Smirnov test and  the Mann–Whitney U  test applied to compare for continous variables except from 
white blood cell, potassium and calcium.

Table 2. Comparison of the basophil count  among diffuse ectasia (Markis class 
1, 2, 3), focal ectasia (Markis class 4) and NCA

Basophil counts P value

Normal coronary anatomi (n=220) 0.035±0.018109/ L NS, 0.04#

Focal ectasia (n=81) 0.037±0.017109/ L NS

Diffuse ectasia (n=92) 0.041±0.024109/ L 0.04#, NS

#: P value between diffuse ectasia and  NCA= 0.04 All other p values >0.5

Table 3. Spearman’s   correlation analysis between  extension of the CAE and 
basophil count-Markis classification and  the basophil count.

r p

Extension of the isolated CAE (as diffuse) 0.059 0.44

Markis classification -0.052 0.49

Figure 1. Subject inclusion flowchart diagram
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Figure 2. Demonstration of  a fusiform ectasia image  in the LAD (Left anterior 
descending) artery, in the region between the white arrows

Figure 3. Demonstration of  a fusiform ectasia image in the CX (Circumflex) 
artery, in the region between the white arrows

Figure 4. Demonstration of  a fusiform ectasia image in the RCA (Right coro-
nary artery), in the region between the white arrows

Figure 5. Demonstration of a saccular ectasia image in the LAD (Left anterior 
descending) artery, showed with the white arrow



Figure 8. Receiver operator characteristic curve (ROC) analysis showing specificity 
and sensitivity of blood basophil count in predicting isolated CAE. AUC; area 
under the curve, CI; Confidence interval.

Discussion

We demonstrated significant difference regarding basophil count 
between two groups (Table I, Figure 6). In isolated CAE, elevated 
basophil count may reflect inflammation that may be seen in 
coronary arteries. The study, therefore, provided another evidence 
for the role of inflammation in isolated CAE. Last, higher basophil 
count may portend the presence of isolated CAE.

Isolated CAE was described as a diffuse or localized non-
obstructive lesion of the epicardial coronary arteries. It was 
defined as a luminal dilation 1.5-times more compared to the 
normal adjacent segment [1,5]. 

Coronary artery ectasia can be congenital or acquired. Most 
ectasias (50%) occurs as a result of coronary atherosclerosis 
[15]. In various publications, it has been noted that Kawasaki 
syndrome, inflammatory diseases, Ehlers-Danlos syndrome, 
infections, connective tissue disorders, scleroderma, polyarthritis 

nodoza, systemic lupus erythematosus, Marfan syndrome and 
Takayasu’s disease is related to CAE [7,16-21]. Despite the fact 
that it is generally considered as a different form of atherosclerotic 
cardiovascular disease, in some studies the different findings 
obtained and addressing the existence of denser inflammation than 
occlusive coronary artery disease [22,23].

The association between inflammation and CAE has been 
demonstrated utilizing well-recognized inflammatory markers such 
as WBC count, neutrophil count, lymphocyte count, neutrophil to 
lymphocyte ratio, interleukin-6, INF-γ, TNF-α, IL-1β, IL-8 and 
C-reactive protein (CRP) [8,24-26].

Basophils may have an substantial mission in the progress of 
chronic inflammation [27]. Increased risk of cardiovascular 
diseases amplified by systemic inflammation via destabilizing 
plaques, causing arterial stiffness, impairing endothelial function, 
or accelerating atherosclerosis [28,29]. Mochizuki et al. have 
found a link between atherosclerotic risk factors and peripheral 
basophil counts [10]. Toyama et al., [11] have indicated that an 
improvement detected in the arterial wall inflexibility, following 
the statin treatment of coronary artery disease, was associated 
with a decline in basophil count. Moreover, Sasaguri et al., 
[12] stated that histamine secreted by basophils has relation 
with atherosclerosis. Further argument for the role of basophils 
in the progression of inflammation, atherosclerosis, impairing 
endothelial disfunction, arterial stiffness, or destabilize plaques, 
is the Kounis syndrome. The clinically acute coronary syndrome 
that has been seen in this disease is believed to be generated by the 
vasospasm which is stemmed from degranulation of eosinophils, 
mast cells, and the basophils that can lead to rupture and/or erosion 
of plaque [30,31].

Nitricoxide (NO) has an important role in flow-mediated 
vasodilation. That is mainly released from the endothelium by the 
effect of endothelial shear stress. A pharmacological inhibition 
or genetic deficiency of endothelial NO synthase (eNOS) has 
an effect on decreasing endothelium-dependent vasodilation, 
which leads to an increase in vascular resistance [32]. When it 

Figure 6. Comparison  of  basophil  count  between Isolated CAE and 
NCA. The heavy black horizontal lines for each group represent the means, 
the extremities of the box are the 25th and 75th percentiles, the error bars 
are the minimum and maximum outliers.

Figure 7. Comparison of  blood  basophil  count  among diffuse ectasia, 
focal ectasia and  normal coronary artery. The heavy black horizontal lines 
for each group represent the means, the extremities of the box are the 25th 
and 75th percentiles, the error bars are the minimum and maximum outliers.
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comes to vascular actions of NO, it regulates the vascular tone, 
as well as suppresses vascular smooth muscle proliferation. NO, 
blocks leukocyte-endothelial cell interaction, and inhibits platelet 
adhesion to the vascular endothelium [33]. Decreased NO activity 
causes abnormal vasoconstriction in the process of vascular 
pathology [34]. Gurlek et al. reported that NO levels decreased in 
CAE patients and this finding indicates elevated arterial stiffness 
in CAE [35]. 

High-density lipoprotein (HDL) seems to have a role being an 
innate part of the immune system, which partially uses an enhanced 
oxidative phase as a nonspecific way of protection against various 
pathogens. HDL is anti-inflammatory in humans, rabbits, and mice 
in the lack of chronic or acute inflammation [36]. Several studies 
have previously reported that HDL cholesterol levels decrease in 
the presence of systemic inflammation. Systemic and vascular 
inflammation also impair the structure of HDL cholesterol, 
disrupt its function, and reduce its protective effect on vascular 
endothelium [36-38]. In this research, it was observed that for the 
group with isolated CAE, HDL-C was low contrast to the other 
group with NCA (Table I). This finding may be reflective of the 
systemic and vascular inflammation, consistent with previous 
studies. Moreover, low HDL-cholesterol levels observed in the 
isolated CAE group may be considered as one of the mechanisms 
responsible for endothelial dysfunction, vascular destruction and 
arterial stiffness. 

In our study, we observed that basophil count is increased in isolated 
CAE patients compared with the control group with NCA (Table I, 
Figure 6). Furthermore, in the analysis of one-way ANOVA among 
cases with diffuse ectasia, focal ectasia and NCA, basophil levels 
in cases with diffuse ectasia were significantly higher than cases 
with NCA, but there was no significant difference in basophil 
levels between cases with focal ectasia and NCA. However, no 
significant correlation was found between blood basophil levels 
and Markis classification nor between blood basophil levels and 
diffuse ectasia (Table II, Table III, Figure 7). In CAE cases, the 
Markis classification is performed after the ectatic segment is 
defined roughly as fusiform ectasia or saccular / focal ectasia. The 
diameter of the ectatic segment or the length of the fusiform lesion 
is not considered. This situation may have caused the correlation 
analysis in the ectasia group to be insignificant, although high 
basophil levels were found in the diffuse ectasia group compared to 
focal ectasia and NCA group. Another reason may be the systemic 
effect of inflammation which is thought to cause CAE.

Conclusions

The research results may contribute to etiopathogenesis of isolated 
CAE. These findings, also, may help to elucidate pathophysiological 
mechanisms of elevated prevalence of cardiovascular morbidity 
in isolated CAE patients. Elevated basophil levels may explain 
unstable plaques, endothelial dysfunction, vascular destruction, 
and arterial stiffness that may be seen in these patients.

Limitation of the study
Although there is an atherosclerotic plaque over a wide area, the 
vessel lumen could be observed as normal. This condition was 
demonstrated by autopsy and intravascular ultrasound studies 
conducted in cases of atherosclerotic heart disease [39,40]. 
Intravascular ultrasound (IVUS) was not applied for diagnosis of 

isolated CAE and NCA in the recent study. Thus, the limitation of 
the present study was the lack of IVUS application.
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