DOI: 10.4149/BLL_2021_036

CLINICAL STUDY

Bratisl Med J 2021; 122 (3)
212-216

Eosinophil cationic protein: A new diagnostic biomarker in
coronary slow flow phenomenon

Soylu K!, Akcay M!, Aksan G2, Gedikli O!, Gokay N?*

Department of Cardiology, Faculty of Medicine, OndokuzMayisUniversity, Samsun, Turkey.

drmuratakcay@hotmail.com

ABSTRACT

AIM: This study has investigated the role of eosinophil cationic protein (ECP), released by eosinophils, in the

coronary slow flow phenomenon.

METHODS: This study included sixty patients with coronary slow flow (CSF) and sixty patients with normal
coronary flow. The coronary flow rate was evaluated with TIMI frame count (TFC). ECP level, blood count

and biochemical parameters were assessed.

RESULTS: The ECP levels (18.9+7.5 vs 13.1+6.4 ng/ml, p<0.001) and eosinophil counts (0.25+0.14 vs
0.18+0.09 103/mm3, p=0.001) were higher in the CSF group. Multivariable regression analysis showed that
ECP level and eosinophil counts were independent predictors the presence of CSF (p=0.003 and p=0.006).
There was a weak but important correlation among the ECP level, eosinophil count and mean TFC (p=0.001,
p=0.003, respectively). The ROC analysis showed a cut off value of 14.05 ng/ml for ECP level to diagnose
CSF with 73.3 % sensitivity and 66.7 % specificity, and area under the ROC curve was 0.745 (95% ClI:

0.657-0.833, p<0.001).

CONCLUSION: ECP levels were increased in CSF patients and this increasing correlated with coronary
artery flow rates. The ECP level was independent predictor for the presence of SCF and it may be use as
suitable diagnostic biomarker for CSF (Tab. 3, Fig. 3, Ref. 30). Text in PDF www.elis.sk
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Introduction

Coronary slow flow phenomenon (CSFP) is described as an ab-
normal reduction in coronary artery flow rate with no concomitant
epicardial stenosis to block the flow. While it is usually of benign
course, it is reported to be related with severe cardiovascular events
in some cases (1-2). Studies mostly support the link between CSF
and microvascular dysfunction. In addition, endothelial dysfunc-
tion, atherosclerosis, platelet and red cell dysfunction have also
been shown in these patients (1-3).

Eosinophils are also involved in endothelial dysfunction, in-
flammation and thrombosis with secreting some allergic inflam-
matory, vasoactive and pro-coagulant mediators (3—4). While the
role of neutrophils in atherosclerosis has been well investigated,
there are few reports on increased levels of eosinophils in coro-
nary artery disease. Eosinophilic inflammation has been associated
with the pathogenesis of coronary dissection, stent restenosis and
coronary artery ectasia (4). A study performed at our clinic has
revealed increased eosinophil count in patients diagnosed with
coronary slow flow phenomenon (4-5). Additionally, there was
an important correlation among TIMI (Thrombolysis in Myocar-
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dial Infarction) frame count (TFC) values and eosinophil counts.
However, no eosinophilic marker has been analyzed.

In here, we aimed to investigate the role of eosinophil cationic
protein (ECP), released by eosinophils and called an eosinophil-
originated inflammatory mediator, in the coronary slow flow phe-
nomenon.

Methods

Study population

The study was planned as a cross-sectional randomized study.
A total of 120 patients were included in this study; sixty patients
with coronary slow flow (CSF) and sixty patients with normal
coronary flow (NCF) were randomly selected from angiographic
records. Patients with acute coronary syndrome, coronary artery
ectasia, left ventricular systolic dysfunction (EF<55 %), signifi-
cant valvular disease, chronic renal disease, coronary plaque in
any coronary artery, previous myocardial infarction, percutaneous
coronary intervention or coronary artery bypass grafting, non-
coronary atherosclerosis, autoimmune disease, malignancy, rheu-
matologic disease, thyroid disease, active parasitic disease, his-
tory of asthma, atopic dermatitis and other allergic diseases were
excluded from the study.

The study protocol and patient’s informed consent statements
were signed by patients and followed the ethical guidelines de-
scribed by the Declaration of Helsinki.
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Coronary angiography

All patients underwent coronary angiography using the Jud-
kins method and femoral way. The data was recorded during the
procedure using digital angiographic system (ACOM.PC; Siemens
AG, Germany) at rate of 15 frame/sec. The iopromide (Ultravist
370, Schering AG, Berlin, Germany) was used as the contrast ma-
terial. Gibson et al study (6) was taken as reference and the TFC
values were evaluated as in that study. The angiographic images
were examined by two independent cardiologists for each coronary
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parameter logistic curve-fit (4-PL) measurement technique and the
outcomes were measured as ng/ml based on this curve.

Statistical analysis

The research data were transferred to a computer and analyzed
using IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics were expressed as mean,
standard deviation, frequency and percentage. The Kolmogorov-
Smirnov test was used to evaluate whether the continuous variables

artery. In Gibson et al (6) study, the record-
ing rate was 30 frame/sec, so in our study,
the detected values were multiplied by two.
When differences were detected between the
measurements, the analyses were repeated
by two cardiologists and mean values were
taken. Finally, since the left anterior descend-
ing (LAD) artery was longer, the TFC values
were divided by 1.7, for LAD and corrected
TFC (cTFC) values were obtained (5-6).

Definition of coronary slow flow (CSF)

Gibson et al detected the mean TFC
value of normal coronary arteries as 36.2 +
2.6 for LAD, 22.2+4.1 for left circumflex
artery (LCx), and 20.4+3 for right coronary
artery (RCA) (6). Thus, a TFC value de-
tected to be two standard deflections above
the average value suggests the existence of
slow flow in the relevant coronary artery.
Therefore, detection of >42 for LAD, >31
for LCx and >27 values for RCA was ac-
cepted as CSF, in our study (7).

Laboratory measurements

The blood was taken in a sitting position
from the antecubital vein. All blood tests
were taken with fasting, between 8—10 am,
to avoid diurnal changes. All routine bio-
chemical and hematologic parameter mea-
surements were obtained on the day of blood
draw. All biochemical and hematologic pa-
rameters were analyzed using with Abbott
ARCHITECT c8000 (Abbott Laboratories,
USA) auto-analyzer with commercial kits
and Abbott Cell Dyn 3700 (Abbott Labora-
tories, USA) device on the same day.

Serum Eosinophil Cationic Protein
(ECP) levels were determined using a Trit-
urus® enzyme-linked immunosorbent assay
(ELISA) analyzer (Grifols International,
Barcelona, Spain) device with Human Eo-
sinophil Cationic Protein (ECP) commercial
kit (Cusabio Biotech Company, PRC), ac-
cording to the manufacturer’s instructions.
A standard curve was formed with a four-

Tab. 1. Baseline demographic characteristics, echocardiographic and laboratory parameters

and risk factors of patients.

Coronary slow

Normal coronary

M flow (n=60) flow (n=60) v
Clinical and hemodynamic data

Age (years) 56.4£10.3 57.0+10.1 0.73

Men, n (%) 41 (68.3) 37 (61.7) 0.44

Women, n (%) 19 (31.7) 23 (38.3)

Hypertension, n (%) 49 (81.7) 42 (70.0) 0.14

Diabetes mellitus, n (%) 16 (26.7) 14 (23.3) 0.67

Smoking, n (%) 28 (46.7) 20 (33.3) 0.14

Heart rate (beat/min) 78.1+£9.7 75.1£10.9 0.11

Systolic blood pressure (mmHg) 126.3+17.1 126.6+15.7 0.62

Diastolic blood pressure (mmHg) 77.5+10.3 76.6+£10.2 0.93

Left Ventricular Ejection fraction, % 61.9+4.8 63.3+3.7 0.10
Drug use, n (%)

ACEI/ARB 28 (46.7) 24 (40) 0.46

CCB 6(10) 8(13.3) 0.57

DU 17 (28.3) 16 (26.7) 0.84

Statin 12 (20) 14 (23.3) 0.66
Biochemical and hematological data

Total cholesterol, mg/dl 223.2450.1 188.1+32.5 <0.001

Low-density lipoprotein (LDL), mg/dl 138.5+35.7 111.7425.7 <0.001

High-density lipoprotein (HDL), mg/dl 36.5+8.6 46.6£8.9 <0.001

Triglyceride, mg/dl 206.1+119.3 152.2+81.8 0.005

Creatinine, mg/dl 0.82+0.17 0.76+0.19 0.11

Fasting glucose, mg/dl 105.9+£21.2 98.7+36.9 0.21
Corrected TIMI frame count

Left anterior descending artery 38.8+10.8 20.0+8.0 <0.001

Circumflex coronary artery 47.9+£32.1 18.3£5.6 <0.001

Right coronary artery 55.8+£30.5 20.9+£7.4 <0.001

Mean TFC 47.5+19.4 19.745.1 <0.001
Slow flow related coronary artery, n (%)

Left anterior descending artery 37 (61.7)

Circumflex coronary artery 41 (68.3)

Right coronary artery 48 (80)

Single coronary slow flow 20 (33.3)

Multiple coronary slow flow 40 (66.6)

ACEI - Angiotensin-converting enzyme inhibitors, ARB — Angiotensin receptor blockers, CCB — Calcium chan-

nel blockers, DU — Diuretic drug

Tab. 2. Basic haematological parameters of coronary slow flow and normal flow patients.

Coronary slow

Normal coronary

et flow (n=60) flow (n=60) P
Hemoglobin, gr/dl 14.4+1.4 14.2+1.6 0.52
Platelet, 10°/mm? 264.3+66.6 253.34£52.9 0.32
White blood cell count, 10*/mm? 7.27+£2.49 7.23+1.84 0.93
Neutrophil, 10*/mm? 4.10+1.82 3.98+1.25 0.66
Lymphocyte, 10*/mm? 2.15+6.31 2.2946.03 0.21
Basophil, 10°/mm? 0.065+0.02 0.068+0.02 0.47
Eosinophil, 10*/mm? 0.25+0.14 0.18+0.09 0.001
ECP, ng/ml 18.9+£7.5 13.1+6.4 <0.001
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Tab. 3. Logistic regression analysis to determine the independent predictors of coronary

Low-Density Lipoprotein and smoking).

slow flow. Inclusion of variables into the final models

Univariate logistic regression Multivariate logistic regression was based on both clinical and statistical

Predict analysis analysis conditions. Analyses were repeated using

OddsRatio  95% CI p OddsRatio  95% CI p forward stepwise analysis to control the con-

Men 0.745  0.351-1.583  0.44 sistency of the results. The final model was
Age, years 1.006 0.971-1.043 0.72 ; o ;

) able to correctly predict 76.3 % of patients
ECP (ng/ml) 1.135 1.065-1.209  <0.001 1.106 1.034-1.183  0.003 ith CS h Z.p . ° fp CPi
Eosinophil, [0/mm® ~ 1.006  1.002-1.009  0.002 1006 1.002-1010 0006 ith CSF. The diagnostic power of ECP in
Fastingglucose(mg/dl)  1.008  0.996-1.020  0.21 CSF was evaluated by receiver operating
Creatinine 5358  0.68342.033  0.11 characteristic (ROC) curve. A probability
LVEF% 0.931 0.854-1.014 ~ 0.10 value < 0.05 was considered the minimum
LDL (mg/dl) 1.030 1.015-1.045 <0.001 1.034 1.016-1.052 <0.001 | £ statistical i ot At ided
Smoking 1750 08363662 014 value of statistical importance. A two-side

p-value was used for all comparisons.
1004 r=0.295 p=0.001

0o

Mean cTFC

0 R Sq Linear — 0.087

0 10 20 30 40 50

ECP (ng/ml)

Fig. 1. Correlation between eosinophil cationic protein level (ECP)
and the mean corrected TIMI frame count.
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Fig. 2. Correlation between eosinophil count and the mean corrected
TIMI frame count.

were normally distributed. For continuous variables, the indepen-
dent samples t-test was used. Any correlation among variables was
evaluated with Pearson’s correlation analysis. Multivariate logistic-
regression analysis was also performed and the model included
the potential confounders (Age, Sex, Eosinophil, ECP, Fasting
Glucose, Serum Creatinine, Left Ventricular Ejection Fraction,
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Results

The study included sixty CSF and sixty NCF patients. The
patients’ basic demographic characteristics, clinical and labora-
tory parameters are presented in Table 1. The mean TFC level was
prominently higher in the CSF group relative to the NCF group
(47.5£19.4 versus 19.7£5.1; p<0.001). In addition, the lipid pa-
rameters were markedly higher in the CSF group (p<0.001). In the
CSF group, 37 (61.7 %), 41 (68.3 %) and 48 patients (80 %) had
CSF in the LAD artery, LCx artery and RCA artery, respectively.
While 40 patients (66.6 %) had CSF in two or three vessels, 20
patients (33.3 %) had CSF in a single coronary artery.

Comparison of the blood cell counts between groups showed
that WBC and neutrophil counts were numerically higher in the
CSF group, but not statistically important (p>0.05). In contrast,
lymphocyte and basophil counts were numerically lower and sta-
tistically insignificant (p>0.05). The eosinophil count was mark-
edly higher in the CSF group (p=0.001). In addition, the ECP level
was importantly higher in the CSF group (p<0.001) (Tab. 2). There
was a weak but important correlation between the ECP level and
mean TFC (r=0.295, p=0.001) (Fig. 1). In addition, eosinophil
count also showed a weak but important correlation with mean
TFC (r=0.267, p=0.003) (Fig. 2). In the multivariate regression
analysis, the ECP level (p=0.003), eosinophil count (p=0.006),
and LDL levels (p<0.001) were independent predictor variables
for the presence of CSF (Tab. 3). We furthermore performed re-
ceiver operating characteristic (ROC) analysis to detect whether
ECPlevel can serve as an independent diagnostic indicator of CSF.
The ROC analysis showed a cut off value of 14.05 ng/ml for ECP
level to diagnose CSF with 73.3 % sensitivity and 66.7 % specifi-
city, and the area under the ROC curve (AUC) was 0.745 (95% CI:
0.657-0.833, p<0.001) (Fig. 3).

Discussion

In this study, we found that patients with CSF phenomenon
had increased eosinophil counts and ECP levels, which also cor-
related with the coronary flow rate. In addition, plasma ECP level
showed a statically important diagnostic power in patients with
CSF. This is the first study to evaluate the eosinophilic cationic
protein level in patients with CSF phenomenon.



ROC curve

AUC =0.745 (95% CI: 0.657 — 0.833, P < 0.001)

Sensitivity

1 — Specificity

Fig. 3. Analysis of receiver operating characteristic (ROC) to deter-
mine whether ECP level can serve as an independent diagnostic in-
dicator of CSF.

Previous studies suggest that microvascular and endothelial
dysfunction, diffuse atherosclerosis, platelets, erythrocytes and
vasomotor dysfunction may be involved in the CSF etiology (2,
5, 7-10). In contrast, inflammation is deemed as another signifi-
cant factor involved in CSF phenomenon development. Increased
neutrophil activation has been demonstrated particularly in patients
with CSF as well as those with atherosclerotic coronary artery
disease (8). Li et al (9) demonstrated that inflammatory media-
tors such as C-reactive protein and interleukin-6 values were im-
portantly raised in the CSF patients. Turhan et al (10) found that
inflammatory mediators such as plasma ICAM-1, VCAM-1, and
E-selectin values were higher in the CSF patients and positively
correlated with TFC. However, studies have been focused on the
role of allergic inflammation in coronary events. Eosinophils and
the activation indicator mediators of eosinophils such as ECP,
major basic protein, eotaxin are increasingly used for sensitive
monitoring of allergic inflammation (3).

Eosinophils may lead to vascular injury by triggering the co-
agulation system and the platelet activation (11). While the active
role of eosinophils has been demonstrated in allergic and atopic
disorders, it’s role in coronary artery disease has not been suffi-
ciently investigated. Umemotoet et al (12) found markedly higher
eosinophil counts in patients with severe vasospastic angina. The
hypersensitivity reaction triggered by eosinophils may also lead to
Kounis syndrome, which has variations including allergic myocar-
dial infarction and vasospastic allergic angina (13). In both studies,
increased eosinophil counts were seen similarly in patients with co-
ronary artery disease (14). In addition, histopathological studies con-
ducted in patients with acute coronary syndrome revealed increa-
sed eosinophilic infiltrates in coronary thrombus specimens (15).

Eosinophil granule proteins may result in strong prothrombotic
activity via platelet activation (16—17). While the major basic pro-
tein, ECP, and eosinophil originated neurotoxin are the primary
eosinophilic mediators related with human tissue injury, these have
also been associated with eosinophilic myocarditis, pneumonitis,
dermatitis, neuropathy and vasculitis development (11). On the
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other hand, there is restricted data on the role of granule proteins,
indicating eosinophil activation in coronary atherosclerosis. A
study showed an increased level of eotaxin, a specific chemokine
of eosinophils in documented coronary artery disease patients (18).
Another study reported an increase in eotaxin mRNA and protein
levels in atherosclerotic plaques (19). However, the use of ECP
as an eosinophil activation marker is increasing.

ECP is a highly cationic protein, which is a clinical marker of
the activation of eosinophils released via various triggers, which are
stored in peroxidase-positive and negative eosinophilic granules
(20). The increases in the ECP level and it’s correlation with dis-
ease severity have been demonstrated in autoimmune diseases
such as asthma, atopic disorders, rheumatoid arthritis and psoriasis
(21). ECP have also been shown in vascular necrotic/thrombotic
lesions, which occur in temporal arthritis (22). One study showed
that ECP increases the expression of ICAM-1, which induces the
adhesion of monocytes to endothelium, thereby establishing an
important step of atherogenesis and also joins in the activation of
the coagulation cascade (23-25). Also, several studies revealed
that ECP is involved in thrombus formation triggered by platelet
activation and thrombomodulin inhibition in hypereosinophilic
syndrome and allergic diseases (23-24).

A study by Niccoli et al (24) showed importantly higher serum
ECP levels in patients with stable angina and non-ST elevation
acute coronary syndrome relative to patients with normal coro-
nary arteries. Again, some studies demonstrated a relation among
ECP levels and the occurrence of cardiac events in patients un-
dergoing implantation of first-production drug eluting stent and
bare metal stents (26-28). Niccoci et al (4) study also showed that
ECP has an association with in-stent restenosis, and neointimal
burden. Rios-Navarro and et al (29) study showed that the ECP
levels increased before reperfusion, were highest at 24h and 96h,
and returned to basal levels 1 month post-reperfusion in STEMI
patients. In addition, their study reported that the eosinophil count
markedly reduced soon after revascularization, this early activation
and degranulation of eosinophils in acute myocardial infarction
correlated with microvascular occlusion, edema, large infarct size,
more extensive myocardial damage, and adverse cardiac events
(30). Nicolli et al (30) study showed that serum levels of eosino-
phil cationic protein predicted major adverse cardiac events at
24 months in a population of patients with ST-segment elevation
myocardial infarction treated with primary PCI, independently of
baseline left ventricular ejection fraction. This predictive role of
ECP might be explained by the higher thrombus score associated
with raised eosinophil cationic protein levels. There are some sug-
gestions that the treatments targeting eosinophils can be tested in
ACS patients presenting with high ECP levels.

Despite the increasing number of studies with ECP and eosino-
phils, it has not been previously investigated in the phenomenon
of CSF, where there are many mechanisms in its pathophysiology
(27). Our study showed that eosinophil counts and ECP levels are
increased and positively correlated in CSF patients. Our findings
supported previous studies and were also important in terms of
demonstrating higher ECP levels in CSF phenomenon (19-20). In
addition, our findings showed that the ECP value was an indepen-
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dent predictor for the presence of CSF and may be used as suitable
diagnostic biomarker for CSF. Based on this data, eosinophils and
increased ECP levels may be a significant actor and marker of mi-
crovascular dysfunction and inflammatory process leading to CSF.

Study limitations

This study has several limitations. The main limitation of our
study is the fact that a manual injector was used during coronary
angiography. This may have affected the coronary flow rate. But,
this was the case in both groups. The cross-sectional design of our
study was unable to assess the long-time associations. Our study
had limited number of patients (120). Lastly, prospective long-
term follow-up studies with big data are required to enable the
use routine as diagnostic and prognostic markers.

Conclusion

This is the first study to show that ECP levels are increased in
CSF patients compared to normal coronary flow patients and this in-
crease correlates with coronary artery flow rate parameters. The ECP
level was independent predictor variable for the presence of CSF. In
addition, ECP may be used as suitable diagnostic biomarker for CSF.
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