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Cardiovascular Topics

A new inflammatory marker: elevated eosinophil-to-
lymphocyte ratio associated with presence and severity
of isolated coronary artery ectasia

Mucahid Yilmaz, Hidayet Kayancicek, Hasan Korkmaz, Nevzat Gézel, Mehmet Nail Bilen, Ozlem
Secen, Pinar Oner, Okkes Uku, Suat Demirkiran, Yusuf Cekici, Orkun Eroglu, Kurtoglu Ertugrul

Abstract

Objectives: The pathophysiology of isolated coronary artery
ectasia (CAE) involves atherosclerosis and inflammation.
Eosinophils and lymphocytes have been found to play a
significant role in inflammation, atherosclerosis and endothe-
lial dysfunction. Many studies have explored the relation-
ship between isolated CAE and systemic inflammation.
However, there are no data regarding the relationship between
eosinophil-to-lymphocyte ratio (ELR) and isolated CAE.
Therefore, this study analysed the relationship between ELR
and isolated CAE.
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Methods: All patients who underwent coronary angiography
between January 2009 and June 2018 were investigated retro-
spectively. Of 16 240 patients, 232 patients with isolated CAE
(141 males) and 247 age- and gender-matched control subjects
(130 males) with normal coronary angiography (NCA) were
enrolled in this study. Baseline demographic and laboratory
data were obtained from the hospital database. The severity
of isolated CAE was determined according to the Markis
classification, vessel count and diffuseness of ectasia.
Results: Patients with angiographic isolated CAE had signifi-
cantly elevated white blood cell (WBC) and eosinophil counts
and ELR values compared to patients with NCA [8.11 £
1.75 vs 7.49 + 1.80 x 10° cells/l, p < 0.0001; 0.22 (0.13-0.32)
vs 0.19 (0.12-0.28) x 10° cells/l, p = 0.02; 0.11 (0.06-0.17) vs
0.08 (0.05-0.12), p < 0.0001. The ELR value for Markis I
was significantly higher than for Markis IV (p = 0.04), and
three-vessel isolated CAE was significantly higher than one-
vessel isolated CAE (p = 0.04). Additionally, the ELR value
for diffuse ectasia (Markis class I, I and IIT) was significantly
higher compared to focal (Markis class IV) ectasia (p = 0.02).
In receiver operating characteristics (ROC) analyses, it was
determined that an ELR value > 0.099, measured in isolated
CAE patients at application, had a predictive specificity of
60.3% and a sensitivity of 56.5% (area under the curve: 0.604,
95% confidence interval: 0.553-0.655, p < 0.0001).
Conclusion: Patients with isolated CAE had higher blood
eosinophil counts and ELR. Furthermore, the ELR was
significantly correlated with severity of isolated CAE. These
findings demonstrate that ELR may have a significant role in
the actiopathogenesis of isolated CAE.

Keywords: eosinophil count, eosinophil-to-lymphocyte ratio,
isolated coronary artery ectasia, inflammation

Submitted 17/4/19, accepted 21/8/19
Cardiovasc J Afi- 2020; 31: 00-00 WWW.CVja.co.za

DOI: 10.5830/CVJA-2019-049

Coronary artery ectasia (CAE) is a congenital or acquired
coronary anomaly. CAE is described as the local or wide
extension of a partial or entire epicedial coronary artery
that is 1.5 times larger than the diameter of the adjacent
normal coronary artery.* CAE aetiology has been attributed
to atherosclerosis (50% of cases), congenital malformations
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(20-30% of cases) and inflammatory or connective tissue
disease (10-20% of cases).® CAE is considered a unique form
of atherosclerotic cardiovascular disease. Various studies have
indicated that CAE is characterised by a denser vascular
inflammation than occlusive coronary artery disease.™

Some publications have reported that CAE causes coronary
slow flow in the coronary arteries, resulting in thrombosis. CAE
has also been suggested to cause clinical symptoms of ischaemic
heart disease and myocardial infarction without occlusive
coronary artery disease.” The ischaemic mechanism in patients
with CAE has not been fully clarified, as the basic cause of
ischaemia and angina is considered to be microvascular perfusion
impairment. The slow or turbulent flow during vasodilation is
believed to cause thrombosis in the ectatic segment or embolus
formation in the distal coronary artery, resulting in ischaemia.’
Giileg et al. indicated that epicardial and microvascular perfusion
is destroyed in ectasia patients. The same study noted that the
thrombolysis in myocardial infarction square number could be
used to predict microvascular perfusion impairment when ectatic
and non-ectatic arteries were compared.'®

Eosinophil and lymphocyte cells are associated with
an immune response and inflammation. A low number of
lymphocyte cells is considered one of the main reasons for
progression of cardiovascular disease.'" Eosinophil elevation
and low lymphocyte levels reflect systemic inflammation and
physiological stress.** Therefore the eosinophil-to-lymphocyte
ratio (ELR) is an indicator of systemic inflammation.'*!”

Eosinophils have a significant status in endothelial dysfunction,
inflammation, vasoconstriction and thrombosis."*" Eosinophils
stimulate platelet activation and aggregation and contribute
to thrombus formation by inhibiting thrombomodulin.”
Some publications have revealed that vascular anomalies,
such as aneurysms, may be associated with hypereosinophilic
syndrome.?'?

Can cosinophils (with their strong vasoactive and
procoagulant effects) and the ELR (which is a good indicator
of systemic inflammation) be associated with isolated CAE and
its microvascular perfusion impairment? Although there is a
small study examining the relationship between blood eosinophil
concentration and CAE, no large studies that could indicate
a correlation between blood eosinophil level and ELR, and
CAE severity were found in the literature.” This study aimed
to determine whether there was an association between plasma
eosinophil level, ELR and the existence and severity of CAE.

Methods

Angiographic records of 16 240 Turkish patients who had
coronary angiography between January 2009 and June 2018 in
the Elaz1g Education and Research Hospital were retrospectively
investigated for the presence of isolated CAE. The study
included 232 subjects with isolated CAE and 247 age- and
gender-matched subjects who had normal coronary anatomy
(NCA). The routine clinical and laboratory tests (complete
blood count, total biochemistry values and demographic data)
of the subjects were obtained from their files (Fig. 1).

The study was conducted according to the Helsinki principles,
and ethical approval was obtained from the TC Firat University
ethics committee. The ethics committee did not require informed
written consent forms as the data are anonymous.

Coronary angiographies were performed with Siemens Axiom
Artis FC diagnostic equipment using the Judkins technique
(Siemens Healthcare GmbH, Forchheim, Germany).”? Nitro-
glycerin was not used during the coronary angiographies.

Coronary angiography records were gained from the left and
right anterior oblique cranial, anterior—posterior (AP) cranial,
right anterior oblique, caudal and horizontal positions. Isohexol
350 mg/ml (Amersham Health Co, Cork, Ireland) was used
for opacifity when performing the coronary angiogram; 6 ml
was administered into the coronary arteries at each position.
The angiography was recorded digitally with a frame rate of
25 frames/ms. The coronary artery diameters were determined
by computerised quantitative angiography. These evaluations
were gained by analysing the digital inputs obtained from the
coronary angiographies.

Scientific quantification coronary analysis software (Siemens
Healthcare Gmbh, Forcheim, Germany) was used for these
procedures. The computations were obtained at the proximal,
mid and distal segments of the coronary arteries to define the
artery segment as ectatic. The largest diameter of the segments
was taken into account.

CAE was defined as 1.5 times or more enlargement of the
coronary artery compared to the adjacent coronary artery.
Isolated CAE was 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 occlusion. Patients without significant coronary
artery stenosis who had ectatic segments were included in
the isolated CAE group. The characteristics of CAE were
categorised as diffuse or discrete ectasia to classify the severity of
CAE. Fusiform dilatations of the coronary arteries were defined
as diffuse ectasia, and localised/focal vesicular or spheroidal
dilatation of the coronary arteries was defined as discrete ectasia®
(Figs 2-5).

Classification by Markis er al. was used to determine
the distribution of CAE. This classification depends on the
diffuseness of ectasia. Accordingly, patients who have isolated
CAE were classified into four groups. Diffuse ectasia in two or
three vessels was defined as type I, diffuse ectasia in one vessel
and focal ectasia in another vessel was defined as type 11, diffuse
ectasia in only one vessel was defined as type III and focal ectasia
was defined as type IV.4

The coronary angiographies were evaluated by two
angiography experts who specialise in coronary angiography and
had no knowledge about the history of the patients.

Study exclusion criteria: subjects with acute coronary
syndrome at study entrance, significant coronary artery stenosis
(angiographic stenosis > 50%) or isolated coronary slow flow,
anaemia (Htc < 30%), cardiac failure, thyroid dysfunction,
malignancy, chronic renal deficiency [glomerular filtration rate
(GFR) < 60 ml/min/1.73 m?], chronic liver failure, chronic
obstructive pulmonary disease and/or bronchial asthma, or were
found to have used immunosuppressive therapy or steroids, or
subjects who had a body mass index of > 30 kg/m*were excluded.
Subjects who had a recent past of an acute infection and/or
high body temperature > 37.2°C or an inflammatory or allergic
disease were also excluded from the analysis.

Subjects who had taken antihypertensive medication and
had systolic blood pressure > 140 mmHg and/or diastolic blood
pressure > 90 mmHg were defined as hypertensive. Diabetes
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16240 subjects were screened
retroprospectively

A total of 806 subjects with CAE detected

314 subjects with suspicious or incomplete
demographic data were excluded

253 subjects with significant coronary artery
stenosis (angiographic stenosis>50%) were
excluded from the study.{Fifty seven of these
subjects had acute coronary syndrome, three
had coronary slow flow, nineteen had anemia
(Htc<%30), eighteen had heart failure
(EF<%45), eight had thyroid dysfunction,
seventeen had chronic renal failure, one had
chronic liver failure, forty four had chronic
obstructive pulmonary disease and forty six
had BMI values of >30 kg/m? In addition,
twenty three of these subjects had an acute or
chronic inflammatory/ allergic disease or were
using an anti-inflammatory/steroid agent}

7 subjects with isolated CAE who didn't
meet the inclusion criteria were excluded
from the study { One of these subjects had
chronic renal failure, one subject had anemia
(Htc<%30), one subject had hypothyroidism,
one subject had chronic myeloid leukemia,
one subject had chronic obstructive
pulmonary disease and two subjects had an
inflammatory or allergic disease and were
using an anti-inflammatory agent}

232 subjects with isolated CAE who met
the inclusion criteria were
included in the

Fig. 1. Flow-chart diagram of subject inclusion.

A total of 820 subjects with NCA detected

240 subjects with suspicious or incomplete
demographic data were excluded

186 subjects with coronary slow flow were
excluded

73 subjects under the age of fourty excluded in
order to age and gender matching

Four subjects with heart failure (EF<%45), five
subjects with anemia (Htc<%30), four subjects
with thyroid dysfunction, three subjects with
chronic renal failure, nineteen subjects with
chronic obstructive pulmonary disease,
twenty subjects with an acute or chronic
inflammatory/allergic disease or were
using an anti-inflammatory/steroid agent
and nineteen subjects with BM! values
of >30 kg/m’ were excluded

247 subjects with NCA who met the
inclusion criteria were included in the study

mellitus was defined as having a fasting blood glucose level >
126 mg/dl (6.99 mmol/l) or current use of a diet or drug to lower
blood glucose level. Hyperlipidaemia was defined as having

total serum cholesterol > 200 mg/dl (5.18 mmol/l), low-density
lipoprotein cholesterol > 130 mg/dl (3.37 mmol/l), triglycerides
> 150 mg/dl (1.69 mmol/l) or the use of a lipid-lowering drug.
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Fig. 2. Demonstration of a fusiform ectasia in the left anterior
descending artery in the region between the white
arrows.

Statistical analysis

The results were statistically evaluated with SPSS 16.0 (SPSS
Inc, Chicago, IL, USA) analysis program for Windows. The
distribution of the results was determined with the Kolmogorov—
Smirnov test. Continuous variables are shown as means with
standard deviations or medians in the 25th—75th percentiles.
Categorical variables are represented as numbers with
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Fig. 3. Demonstration of a fusiform ectasia in the circumflex
artery in the region between the white arrows.
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Fig. 4. Demonstration of a fusiform ectasia in the right coro-
nary artery in the region between the white arrows.

percentages. Continuous data were analysed with the Student’s
t-test for normally distributed variables and the Mann—Whitney
U-test was used for non-normally distributed variables. Aside
from white blood cells (WBC) and calcium, all continuous
variables were not distributed normally, and the Mann—Whitney
U-test was used to compare these variables. Categorical data
were analysed using the chi-squared test. The Bonferroni test
was used to validate one-way ANOVA analysis for comparison

Fig. 5. Demonstration of a saccular ectasia in the left anterior
descending artery, shown with a white arrow.
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Table 1. Inter-group comparison of demographic and laboratory data

Parameters Isolated CAE (232) NCA (247) p-value
Gender, n (male/ female) 141/91 130/117 0.07
Hypertension, n (%0) 72/232 (31.0) 64/247 (25.9) 0.21
Hyperlipidaemia, n (%) 82/232 (35.3) 71/247 (28.7) 0.12
Diabetes mellitus, 1 (%) 50/232 (21.6) 49/247 (19.8) 0.64
Smoking, n (%) 79/232 (34.1) 76/247 (30.8) 0.44
Age (year) 56.0 (53.0-60.0) 55.0 (52.0-59.0) 0.15
Platelets (x 10°cells/l) 257.0 (223.0-296.75)  250.0 (209.0-292.0)  0.10
Glucose (mg/dl) 100.0 (89.25-110.30)  99.0 (90.0-109.0) 0.25
(mmol/l) 5.55(4.95-6.12) 5.49 (5.0-6.05)
Triglycerides (mg/dl) 133.5(100.25-190.25)  131.7 (95.0-152.0) 0.09
(mmol/l) 1.51 (1.13-2.15) 1.49 (1.07-1.72)

LDL-C (mg/dl) 115.0 (92.0-134.25)  112.0(88.0-125.0) 0.06
(mmol/l) 2.98 (2.38-3.48) 2.90(2.28-3.24)

Total cholesterol (mg/dl) 186.0 (160.0-213.5)  185.2 (161.0-203.0)  0.65

(mmol/1) 4.82(4.14-5.53) 4.80 (4.17-5.26)

HDL-C (mg/dl) 42.0 (36.0-49.0) 47.0 (40.9-55.2)  <0.0001
(mmol/1) 1.09 (0.93-1.27) 1.22 (1.06-1.43)
Eosinophils (x 10°cells/l) 0.22 (0.13-0.32) 0.19 (0.12-0.28) 0.02
Lymphocytes (x 10°cells/l)  2.05 (1.62-2.54) 2.18 (1.80-2.90) 0.002
ELR 0.11 (0.06-0.17) 0.08 (0.05-0.12)  <0.0001
Haemoglobin (g/dl) 14.4 (13.6-15.1) 14.1 (13.5-15.0) 0.09
Haematocrit (%) 43.1 (41.0-45.5) 42.0 (41.0-45.0) 0.07
White blood cells 811+ 1.75 7.49 £1.80 <0.0001*
(x 10°cells/)

Urea (mg/dl) 30.0 (25.0-36.0) 29.2(23.7-35.0) 0.10
Creatinine (mg/dl) 0.67 (0.54-0.78) 0.66 (0.55-0.77) 0.50
Sodium (mmol/l) 140.0 (138.0-142.0)  140.0 (138.0-142.0) ~ 0.36
Potassium (meq/l) 4.3 (4.0-4.6) 4.3 (4.1-4.6) 0.40
Calcium (mg/dl) 9.21+£0.49 9.27+0.47 0.23%

CAE: coronary artery ectasia; NCA: normal coronary arteries; LDL-C: low-
density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol;
ELR: eosinophil-to-lymphocyte ratio.

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

between groups (among Markis I, I, III and IV and among
one-, two- and three-vessel disease). The receiver operating
characteristics (ROC) test was used to estimate the sensitivity
and specificity of ELR and its optimal cut-off value. Correlation
analyses were fulfilled using Spearman’s correlation test; p < 0.05
was considered to indicate statistical significance.

Results

The records of 16 240 patients who underwent coronary
angiography were retrospectively screened, of whom 232 patients
with isolated CAE (141 males) and 247 age- and gender-matched
subjects with NCA (130 males) were detected. It was observed
that WBC and eosinophil counts and ELR for the isolated CAE
group were significantly higher than in the NCA group 8.11
+ 1.75 vs 7.49 + 1.80 x 10°cells/l, p < 0.0001; 0.22 (0.13-0.32)
vs 0.19 (0.12-0.28) x 10° cells/l, p = 0.02; 0.11 (0.06-0.17) vs
0.08 (0.05-0.12) p < 0.0001, respectively (Table 1, Fig. 6).
However, high-density lipoprotein cholesterol (HDL-C) level
and lymphocyte count for the NCA group were significantly
higher than in the isolated CAE group [47.0 (40.9-55.2) vs 42.0
(36.0-49.0) mg/dl = 1.22 (1.06-1.43) vs 1.09 (0.93-1.27) mmol/l,
p <0.0001; 2.18 (1.80-2.90) vs 2.05 (1.62-2.54) x 10° cells/l, p =
0.002, respectively) (Table 1).

Eosinophil and lymphocyte counts were not significantly
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Fig. 6. Comparison of ELR between isolated CAE and NCA.

different among patients with one-, two- and three-vessel isolated
CAE (Table 2). Likewise, the eosinophil and lymphocyte counts
were not significantly different among Markis types I, II, III
and IV (Table 3). However, the ELR for three-vessel isolated
CAE was significantly higher than for one-vessel isolated CAE
(p = 0.04) (Table 2). Furthermore, the ELR for Markis I was
significantly higher than for Markis IV (p = 0.04) (Table 3, Fig.
7).There were no statistically significant differences between
focal (Markis type IV) and diffuse ectasia (Markis type I, IT and
III) in terms of eosinophil count (p = 0.54) (Table 4). In contrast,
the ELR for diffuse ectasia (Markis type I, II and III) was
significantly higher compared to focal (Markis type IV) ectasia,
and the lymphocyte count for diffuse ectasia (Markis types I, IT
and III) was significantly lower than for focal (Markis type V)
ectasia (p = 0.02; p = 0.001, respectively) (Table 4).

No significant correlations were observed between eosinophil
count and any Markis classification (p = 0.314, r = —0.066) or
between eosinophil count and diffuse ectasia (p = 0.544, r =
0.040) (Table 5). Likewise, there was no correlation between

Table 2. Eosinophil and lymphocyte counts and
ELR values according to vessel count

Eosinophil count  Lymphocyte count

Vessels Noun (X 107 cellsll) (X 107 cellsll) ELR value
One vessel 135 0.22+0.12 2.23+0.81 0.11+0.07
Two vessels 42 0.26%0.14 2.05+0.59 0.14£0.10
Three vessels 55 0.24+0.12 1.96 £0.79 0.14£0.09

All p-values for eosinophil and lymphocyte counts > 0.5.
p-value for ELR (between one and three vessels): 0.04.

Table 3. Eosinophil and lymphocyte counts and
ELR values according to the Markis classification

Markis Noun (%) Eosinophil count — Lymphocyte count  ELR value
classification (% 10° cellsll) (% 10° cellsll)

Type I 51 (21.98) 0.25+0.12 1.93+0.79 0.15+£0.10
Type IT 38 (16.38) 0.24£0.12 1.98 £0.60 0.14£0.09
Type II1 41 (17.67) 0.21+0.13 2.15+0.94 0.11£0.07
Type IV 102 (43.96) 0.23£0.13 2.29+0.73 0.11+£0.08
All p-values for eosinophil and lymphocyte counts > 0.5.

p-value for ELR (between Markis type I and IV): 0.04.
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Table 4. Comparison of ELR values, and eosinophil and

lymphocyte counts between focal (Markis type 1V)
and diffuse ectasia (Markis type I, Il, 1)

Table 5. Spearman’s correlation analysis between vessel count,
extension of isolated CAE and Markis classification,
and eosinophil and lymphocyte counts and ELR value.

Focal ectasia Diffuse ectasia

Counts (n=102) (m=130) p-value
Eosinophil count 0.20 (0.12-0.32) 0.22(0.14-0.33) 0.54
(x 10° cells/l)

Lymphocyte count 2.21 (1.81-2.67) 1.93 (1.55-2.36) 0.001
(x 10° cells/l)

ELR 0.10 (0.05-0.15) 0.12 (0.06-0.18) 0.02

eosinophil count and vessel count (p = 0.103, r = 0.107) (Table
5). However, the ELR significantly correlated with the Markis
classification and diffuse ectasia and vessel count (p = 0.005, r =
-0.182; p=0.027, r=0.145; p =0.005, r = 0.185, respectively), and
the lymphocyte count significantly correlated with the Markis
classification and diffuse ectasia (p = 0.001, r = 0.211; p = 0.001,
r=-0.211, respectively) (Table 5).

ROC curve analysis revealed that the specificity of an ELR >
0.099 (measured before coronary angiography) in predicting
isolated CAE was 60.3%, and the sensitivity was 56.5% [area
under the curve (AUC): 0.604, 95% CI: 0.553, 0.655; p < 0.0001)
(Fig. 8). No differences were observed between the two groups
with regard to other analysed laboratory data (Table 1).

Discussion

The analysis revealed that ELR, and eosinophil and WBC
counts were significantly higher in the isolated CAE group
compared to the NCA group. However, HDL-C levels and
lymphocyte counts were significantly lower for the isolated CAE
group than for the NCA group (Table 1). In addition, the study
revealed no relationship between eosinophil count and number
of ectatic vessels, the diffuseness of the ectatic segment and
Markis classification. However, it was found that ELR values
were significantly related to the stated classifications.

Coronary artery ectasia may be acquired or congenital. >
The associated diseases reported in its aetiology are 50%
atherosclerosis, 20-30% congenital diseases and 10-20%

0.40 - p (Between type | and type 1V): 0.04
All other p-values > 0.5
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4
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Type I: Type lI: Type lII: Type IV:
0.15+0.10 0.14+0.09 0.11+0.07 0.11 £0.08
Markis

Fig. 7. Comparison of ELR among Markis type |, II, Il and IV.

Eosinophil Lymphocyte ELR
count count value
r p r p r p
Vessel count 0.107 0.103 -0.127 0.052 0.185 0.005
Extension of isolated CAE ~ 0.040 0.544 -0.211  0.001 0.145 0.027
(as diffuse)
Markis classification -0.066 0.314 0211 0.001 -0.182 0.005

inflammatory or connective tissue diseases.® The association
between inflammation and CAE has been revealed using well-
recognised inflammatory markers such as WBC, neutrophil and
monocyte counts, and interleukin-6, matrix metalloproteinase,
tumour necrosis factor-o. and C-reactive protein (CRP) levels.?*

The ischaemic mechanism in patients with CAE has not been
fully understood. However, it is accepted that the leading cause
of ischaemia and angina is impaired microvascular perfusion.
Slow or turbulent flow in dilated vessels has been reported to
cause ischaemia by causing thrombosis in the ectatic segment
and embolism in the distal coronary artery.’ Eosinophils are
loaded with many granule-associated molecules that cause
vascular thrombosis and endothelial damage. Major basic
protein and eosinophil peroxidase, as the most well-known of
these granules, are also platelet agonists and play an important
role in thrombus formation.” Eosinophils may additionally cause
thrombosis by secreting tissue factor and stimulating platelets
and leukocytes, in addition to secreting major basic protein and
eosinophil peroxidase.”!

These three proteins (tissue factor, basic protein and eosinophil
peroxidase) contribute considerably to thrombus formation
by stimulating thrombocytes and inhibiting thrombomodulin.
It has been reported that eosinophils and their granule-
associated molecules have been isolated from necrotic and
thrombotic lesions, and these structures were extracted from
small arterial walls, especially after acute ischaemic damage to

1.0 7 AUC: 0.604, 95% CI 0.553, 0.655; p < 0.0001;
specifity: 60.3; sensitivity: 56.5; cut off > 0.099
0.8
0.6 -
2
]
‘D
5 04 -
]
0.2 A
0-0 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 — Specificity

Fig. 8. ELR ROC analysis between isolated CAE and NCA.
AUC: area under the curve; Cl: confidence interval;

ELR: eosinophil-to-lymphocyte ratio; ROC: receiver
operating characteristics.
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the endocardium. These findings suggest that eosinophils may
cause inflammation, thrombosis and embolus-induced vascular
damage. ™

It has been reported that eosinophils are related to arterial
tortuosity, thrombosis, cardiac syndrome X, dilatation and
aneurysm in patients with hypereosinophilic syndromes.**
Cytotoxic secretions secreted from eosinophils have been
suggested to cause direct medial destruction leading to
aneurysmal formation or spontaneous intimal dissection and
sudden cardiac death.”” This suggests that eosinophil secretion
may be one of the causes of vascular injury, therefore eosinophils
may affect the cardiovascular system via an inflammatory
mechanism.

Lymphocytes are related to the immune response and
systemic inflammation. Stress-induced low lymphocyte
levels (lymphopaenia) have been found to be associated with
inflammatory conditions and adverse cardiovascular events.' "
Low lymphocyte counts might result from increased cortisol
levels that induce apoptosis specifically in lymphocytes but
also increase the total WBC count.*® Eosinophil elevation
and low lymphocyte levels reflect systemic inflammation and
physiological stress and contribute to the development of
cardiovascular disease.'*'**

A strong correlation was found between CAE and low
HDL-C levels, and this study suggests that low HDL-C levels
could lead to isolated CAE.” Several studies have previously
reported that HDL-C levels decrease in the presence of systemic
inflammation, and systemic and vascular inflammation impair
the structure of HDL-C and disrupt its function, reducing its
protective effect on the vascular endothelium.*-*

In this study, we observed that HDL-C levels were lower
in the isolated CAE group than in the NCA group (Table 1).
This finding may be reflective of the systemic and vascular
inflammation consistent with previous studies. Moreover, the
low HDL-C levels observed in the isolated CAE group may be
considered one of the mechanisms responsible for endothelial
dysfunction and vascular destruction. Nevertheless, larger
studies that focus only on this issue are necessary to draw more
concrete conclusions.

Increased WBC count, WBC sub-type and sub-type ratios have
been accepted as important inflammatory markers in forecasting
cardiovascular outcomes.'* Elevated eosinophil count and
ELR values and decreased lymphocyte levels are associated
with systemic inflammation and atherosclerosis.'*!¢144 In some
studies, the relationship between some haematological parameters
actively functioning in inflammation, such as neutrophils,
lymphocytes, monocytes and eosinophils, and parameters
such as the monocyte-to-HDL-C ratio (MHR), neutrophil-
to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio
(PLR) and their relationship with coronary artery ectasia has
been revealed."*““* However, as far as we know, the relationship
between CAE and ELR has not previously been studied.

Based on the role of inflammation in the aetiopathogenesis of
isolated CAE and in light of the study results, we hypothesised
that ELR may be associated with isolated CAE. The present
study revealed an increased eosinophil count and a decreased
lymphocyte count in isolated CAE patients compared to subjects
with NCA (Table 1). However, we did not observe a significant
association between eosinophil count and Markis classification,
diffuse ectasia or vessel count (Tables 2-5). Likewise, we did

not observe a significant difference between lymphocyte count
and Markis classification or vessel count (Tables 2-5). However,
the study showed that ELR was significantly associated with
these parameters (Tables 2-5). In addition, correlation analyses
revealed a significant association between lymphocyte count and
Markis classification, diffuse ectasia and vessel count (Table 5).

This indicates that the eosinophil count was higher in isolated
CAE compared to NCA but was not correlated with the severity
of CAE. However, lymphocyte count and ELR value not only
increased in isolated CAE patients but also were significantly
correlated with the severity of isolated CAE. The data obtained
in this study suggest that an analysis of only lymphocyte and
eosinophil levels may not provide reliable results, whereas the
use of ELR as a systemic inflammatory marker may be more
reliable. Although the sensitivity and specificity of ELR for
predicting isolated CAE were low in the ROC analysis, all
correlation analyses in other areas found that ELR indicated the
presence and severity of isolated CAE.

Since the study was designed retrospectively, data on acute
or chronic diseases that may affect ELR were obtained in
accordance with patient statements. Some patients may not
have been aware of inflammatory diseases such as allergic
rhinitis, conjunctivitis or atopic dermatitis, or they may not
have declared these diseases. Because advanced equipment such
as intravascular ultrasound could not be used in this study,
the coronary arteries of the subjects examined could not be
confirmed to be completely normal. These factors may explain
the results of the ROC analysis.

Limitations

Although there may be an atherosclerotic plaque over large
segments, the related vessel can be observed as normal
angiographically.®* In this study, it was not possible to confirm
that the coronary arteries were completely normal because
a device such as intravascular ultrasound could not be used.
Second, as the study was retrospective, inflammatory markers
such as CRP could not be investigated or compared to ELR.

Conclusions

The results of this study may contribute to the aetiopathogenesis
of isolated CAE. As a new, simple, effortless and cost-effective
inflammatory marker, ELR may be able to forecast isolated
CAE in daily clinical practice. Increased ELR may explain the
vascular destruction, endothelial dysfunction, thrombosis and
distal microvascular embolisation seen in isolated CAE patients.

References

1. Yetkin E, Waltenberger J. Novel insights into an old controversy: is
coronary artery ectasia a variant of coronary atherosclerosis? Clin Res
Cardiol 2007; 96: 331-339.

2. Swaye PS, Fisher LD, Litwin P, Vignola PA, Judkins MP, Kemp HG, et
al. Aneurysmal coronary artery disease. Circulation 1983; 67: 134-138.

3. Falsetti HL, Carroll RJ. Coronary artery aneurysm. A review of the
literature with a report of 11 new cases. Chest 1976; 69: 630-636.

4. Markis JE, Joffe CD, Cohn PE, Feen DJ, Herman MV, Gorlin R.
Clinical significance of coronary arterial ectasia. Am J Cardiol 1976;
37:217-222.



n CARDIOVASCULAR JOURNAL OF AFRICA ¢ Advance Online Publication, September 2020

10.

16.

18.

19.

20.

21.

22.

23.

Macehara A, Mintz GS, Ahmed JM, Fuchs S, Castagna MT, Pichard
AD, et al. An intravascular ultrasound classification of angiographic
coronary artery aneurysms. 4m J Cardiol 2001; 88: 365-370.

Tirkmen M, Bitigen A, Esen AM. Coronary artery ectasia. J Med Sci
2006; 26(1): 68-72.

Adiloglu AK, Can R, Nazli C, Ocal A, Ergene O, Tinaz G, et al. Ectasia
and severe atherosclerosis: relationships with chlamydia pneumoniae,
helicobacterpylori, and inflammatory markers. Tex Heart Inst J 2005;
32:21-27.

Yilmaz H, Tayyareci G, Sayar N, Gurkan U, Tangurek B, Asilturk R, ez
al. Plasma soluble adhesion molecule levels in coronary artery ectasia.
Cardiology 2006; 105: 176-181.

Yilmaz H, Sayar N, Yilmaz M, Tangiirek B, Cakmak N, Giirkan U, ez
al. Coronary artery ectasia: clinical and angiographical evaluation. Arch
Turk Soc Cardiol 2009; 36(8): 530-535.

Giileg S, Atmaca Y, Kilickap M, Akyurek O, Aras O, Oral D.
Angiographic assessment of myocardial perfusion in patients with
isolated coronary artery ectasia. Am J Cardiol 2003; 91: 996-999.
Horne BD, Anderson JL, John JM, Weaver A, Bair TL, Jensen KR,
et al. Which white blood cell subtypes predict increased cardiovascular
risk? J Am Coll Cardiol 2005; 45(10): 1638-1643.

Nuiiez J, Minana G, Bodi V, Nuiiez E, Sanchis J, Husser O, et al. Low
lymphocyte count and cardiovascular diseases. Curr Med Chem 2011;
18(21): 3226-3233.

Demir M, Keceoglu S, Melek M. The relationship between plasma
eosinophil count and coronary artery ectasia. Cardiol Res 2013; 4(4-5):
159-164.

Ayhan SS, Oztiirk S, Erdem A, Ozlii MF, Ozyasar M, Erdem K, et al.
Relation of neutrophil/lymphocyte ratio with the presence and severity
of coronary artery ectasia. Turk Kardiyol Dern Ars 2013; 41(3): 185-190.
[Article in Turkish].

Gibson PH, Cuthbertson BH, Croal BL, Rae D, El-Shafei H, Gibson
G, et al. Usefulness of neutrophil/lymphocyte ratio as predictor of
new-onset atrial fibrillation after coronary artery bypass grafting. Am J
Cardiol 2010; 105(2): 186-191.

Yang Z, Zhang Z, Lin F, Ren Y, Liu D, Zhong R, et al. Comparisons
of neutrophil-, monocyte-, eosinophil-, and basophil-lymphocyte ratios
among various systemic autoimmune rheumatic diseases. APMIS 2017,
125(10): 863-871.

Brescia G, Pedruzzi B, Barion U, Cinetto F, Giacomelli L, Martini A,
et al. Are neutrophil-, eosinophil-, and basophil-to-lymphocyte ratios
useful markers for pinpointing patients at higher risk of recurrent
sinonasal polyps? Am J Otolaryngol 2016; 37(4): 339-345.

Sasano H, Virmani R, Patterson RH, Robinowitz M, Guccion JG.
Eosinophilic products lead to myocardial damage. Hum Pathol 1989;
20(9): 850-857.

Wang JG, Mahmud SA, Thompson JA, Geng JG, Key NS, Slungaard
A. The principal eosinophil peroxidase product, HOSCN, is a uniquely
potent phagocyte oxidant inducer of endothelial cell tissue factor activ-
ity: a potential mechanism for thrombosis in eosinophilic inflammatory
states. Blood 2006; 107(2): 558-565.

Altas Y, Kurtoglu E, Yaylak B, Baysal E, Ucaman B, Ugurlu HM, ef al.
The relationship between eosinophilia and slow coronary flow. Ther Clin
Risk Manag 2015; 11: 1187-1191.

Yavuz H, Chee R. A review on the vascular features of the hyperim-
munoglobulin E syndrome. Clin Exp Immunol 2010; 159(3): 238-244.
Ames PR, Margaglione M, Mackie S, Alves JD. Eosinophilia and
thrombophilia in Churg Strauss syndrome: a clinical and pathogenetic
overview. Clin Appl Thromb Hemost 2010; 16(6): 628-636.

Fuster V, Walsh R, Harrington R. Cardiac catheterization, cardiac angi-

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

ography and coronary blood flow and pressure measurements. Hurst’s
The Heart, 2004: 471-474.

Sadr-Ameli M, Sharifi M. The natural history of ectatic coronary artery
disease. Iranian Heart J 2001; 2: 12-16.

Demopoulos VP, Olympios CD, Fakiolas CN, Pissimissis EG,
Economides NM, Adamopoulou E, et al. The natural history of aneu-
rysmal coronary artery disease. Heart 1997; 78: 136-41.

Rath S, Har-Zahav Y, Battler A, Agranat O, Rotstein Z, Rabinowitz
B, et al. Rate of nonobstructive aneurysmatic coronary artery disease;
angiographic and clinical follow up report. Am Heart J 1985; 109:
785-791.

Mattern AL, Baker WP, McHale JJ, Lee DE. Congenital coronary
aneurysms with angina pectoris and myocardial infarction treated with
saphenous vein bypass graft. Am J Cardiol 1972; 30: 906-909.

Frithz G, Cullhed I, Bjork L. Congenital localized coronary artery
aneurysm without fistula. Report of a preoperatively diagnosed case.
Am Heart J 1968; 76: 674-679.

Aydin M, Tekin 10, Dogan SM, Yildirim N, Arasli M, Sayin MR, et al.
The levels of tumor necrosis factor-alpha and interleukin-6 in patients
with isolated coronary artery ectasia. Mediators Inflamm 2009; 2009:
106145-106145.

Dogan A, Tuzun N, Turker Y, Selahattin A, Selcuk K, Mehmet O, et
al. Matrix metalloproteinases and inflammatory markers in coronary
artery ectasia: their relationship to severity of coronary artery ectasia.
Coron Artery Dis 2008; 19: 559-563.

Moosbauer C, Morgenstern E, Cuvelier SL, Manukyan D, Bidzhekov
K, Albrecht S, et al. Eosinophils area major intravascular location for
tissue factor storage and exposure. Blood 2007; 109(3): 995-1002.
Slungaard A, Vercellotti GM, Tran T, Gleich GJ, Key NS. Eosinophil
cationic granule proteins impair thrombomodulin function. A potential
mechanism for thromboembolism in hypereosinophilic heart disease. J
Clin Invest 1993; 91(4): 1721-1730.

Yoshikawa S, Kayes SG, Parker JC. Eosinophils increase lung microvas-
cular permeability via the peroxidase hydrogen peroxide-halide system.
Bronchoconstriction and vasoconstriction unaffected by eosinophil
peroxidase inhibition. Am Rev Respir Dis 1993; 147(4): 914-920.
Rodeghiero F, Castaman G, Ruggeri M, Cazzavillan M, Ferracin G,
Dini E. Fibrinolytic studies in 13 unrelated families with factor XII
deficiency. Haematologica 1991; 76(1): 28-33

Demir M, Sentiirk M, Kuzeytemiz M. The relationship between eosino-
phil and cardiac syndrome X. Clin Appl Thromb Hemost 2013; 21(4):
325-328.

Freeman AF, Holland SM. Clinical manifestations of hyper IgE
syndromes. Dis Markers 2010; 29(3-4): 123-130.

Puri R, Dundon BK, Leong DP, Khurana S, Worthley MI.
Hypereosinophilic syndrome associated with multiple coronary aneu-
rysms. Int J Cardiol 2009; 133(1): e43-45.

Nelson DH, Sandberg AA, Palmer JG, Tyler FH. Blood levels of
17-hydroxycorticosteroids following the administration of adrenal ster-
oids and their relation to levels of circulating leukocytes. J Clin Invest
1952; 31(9): 843-849.

Sudhir K, Ports TA, Amidon TM, Goldberger JJ, Bhushan V, Kane JP,
et al. Increased prevalence of coronary ectasia in heterozygous familial
hypercholesterolemia. Circulation 1995; 91: 1375-1380.

Yilmaz M, Kayangigek H. A new inflammatory marker: elevated mono-
cyte to HDL cholesterol ratio associated with smoking. J Clin Med
2018; 7(4): 76.

Canpolat U, Cetin EH, Cetin S, Aydin S, Akboga MK, Yayla C, et
al. Association of Monocyte-to- HDL Cholesterol Ratio with Slow
Coronary Flow is Linked to Systemic Inflammation. Clin Appl Thromb



)

42.

43.

44.

45.

46.

CARDIOVASCULAR JOURNAL OF AFRICA e Advance Online Publication, September 2020 n

Hemost 2016; 22(5): 476-482.

Rohrer L, Hersberger M, von Eckardstein A. High density lipoproteins
in the intersection of diabetes mellitus, inflammation and cardiovascular
disease. Curr Opin Lipidol 2004; 15(3): 269-278.

Feingold KR, Grunfeld C. Effect of inflammation on HDL structure
and function. Curr Opin Lipidol 2016; 27(5): 521-530.

Gurm HS, Bhatt DL, Lincoff AM, Tcheng JE, Kereiakes DJ, Kleiman
NS, et al. Impact of preprocedural white blood cell count on long term
mortality after percutaneous coronary intervention: insights from the
EPIC, EPILOG, and EPISTENT trials. Heart 2003; 89(10): 1200-1204.
Tulgar YK, Cakar S, Tulgar S, Dalkilic O, Cakiroglu B, Uyanik BS. The
effect of smoking on neutrophil/lymphocyte and platelet/lymphocyte
ratio and platelet indices: a retrospective study. Eur Rev Med Pharmacol
Sci 2016; 20(14): 3112-3118.

Yilmaz M, Korkmaz H, Bilen MN, Uku O, Kurtoglu E. Could neutro-
phil/lymphocyte ratio be an indicator of coronary artery disease, coro-
nary artery ectasia and coronary slow flow? J Int Med Res 2016; 44(6):
1443-1453.

47.

48.

49.

50.

51.

Demir M, Demir C, Keceoglu S. The relationship between blood mono-
cyte count and coronary artery ectasia. Cardiol Res 2014; 5(5): 151-154.
Kundi H, Gok M, Kiziltunc E, Cetin M, Cicekcioglu H, Cetin ZG, et
al. Relation between monocyte to high-density lipoprotein cholesterol
ratio with presence and severity of isolated coronary artery ectasia. Am
J Cardiol 2015; 116(11): 1685-1689.

Kundi H, Gok M, Cetin M, Kiziltung E, Cigekcioglu H, Cetin ZG, et
al. Relationship between platelet-to-lymphocyte ratio and the presence
and severity of coronary artery ectasia. Anatol J Cardiol 2016; 16(11):
857-862.

Nakatani S, Yamagishi M, Tamai J, Goto Y, Umeno T, Kawaguchi A,
et al. Assessment of coronary artery distensibility by intravascular ultra-
sound. Application of simultaneous measurements of luminal area and
pressure. Circulation 1995; 91: 2904-2910.

Tuzcu EM, Kapadia SR, Tutar E, Ziada KM, Hobbs RE, McCarthy
PM, et al. High prevalence of coronary atherosclerosis in asymptomatic
teenagers and young adults: evidence from intravascular ultrasound.
Circulation 2001; 103: 2705-2710.




