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ABSTRACT

Objective: The underlying mechanism of coronary slow flow (CSF) has not yet been clarified, although many studies have been conducted to
understand its pathophysiology. In this study, we investigated the role of a very potent vasoconstrictor, urotensin-Il (Ull), in the pathophysiology
of CSF. This prospective and controlled investigation aimed to evaluate the association between CSF and serum levels of UlI.

Methods: Our study included 32 patients with slow flow in any coronary artery and 32 patients with normal coronary arteries. Coronary flow
was calculated using the Thrombolysis in Myocardial Infarction (TIMI) frame count (TFC) method, and CSF was defined as TFC >39 for the left
anterior descending artery, TFC >27 for the circumflex coronary artery, and TFC >24 for the right coronary artery. Ull levels in blood samples
obtained from both groups were measured by enzyme-linked immunosorbent assay (ELISA) method.

Results: Ull levels were significantly higher in the CSF group than in the control group [122 pg/mL (71-831), 95 pg/mL (21-635), respectively;
p<0.001]. High-density lipoprotein (HDL) levels were lower in the CSF group, and leukocyte counts were significantly higher. A positive correla-
tion between Ull and mean TFC (r=0.524, p=0.002) was found in the CSF group. The multivariate logistic regression analysis determined that UlI,
HDL, and cigarette smoking were independent indicators in predicting CSF (0R=1.010, 95% confidence interval 1.002-1014, p=0.019; 0R=0.927,
95% confidence interval 0.869-0.988, p=0.019; OR=5.755, 95% confidence interval 1.272-26.041, p=0.021, respectively).

Conclusion: Serum Ull levels were found to be significantly higher in the CSF group, suggesting that Ull may be one of the underlying factors

in the pathogenesis of CSF. (Anatol J Cardiol 2015; 15: 475-9)
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Introduction

Coronary slow flow (CSF), defined as delayed circulation in
the coronary arteries in the absence of an obstructive lesion,
was first identified in 1972 by Tambe et al. (1). Vasomotor disor-
ders, oxygen-hemoglobin dissociation, microvascular disease,
metabolic disorders of myocardial cells, and endothelial dys-
function have all been implicated in its etiopathogenesis (2-4).
Currently, circulatory disorder of the capillary system is mainly
emphasized (5). Coronary angiography is the gold standard in the
diagnosis of CSF, and coronary flow rate is quantitatively evalu-
ated using the Thrombolysis in Myocardial Infarction (TIMI)
frame count (TFC) method (6).

The endothelium performs several tasks, such as providing
vascular homeostasis, adjusting vascular tone and permeability,
and regulating inflammatory responses and angiogenesis. The
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normal function of the endothelium depends on the balance
between endothelium-derived vasoconstrictor and vasodilator
agents (7).

Urotensin-1l (Ull) is released from the endothelium as the
most powerful vasoconstrictor peptide known. When com-
pared with endothelin-1 (ET-1), it has 50-fold and 10-fold
greater vasoconstrictor effects on arteries and veins, respec-
tively (8). Plasma Ull levels have been found to be high in the
presence of hypertension, renal failure, congestive heart fail-
ure, diabetes, portal hypertension, and atherosclerosis (9-13).
Although Ull levels might be elevated in hypertension and
coronary artery disease patients, there are no data available
regarding whether serum Ull levels are elevated in CSF
patients (14). This prospective and controlled investigation
aimed to evaluate the association between CSF and serum Ull
levels.
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Methods

Patients with angiographically normal coronary arteries who
underwent coronary angiography on suspicion of ischemic heart
disease due to typical chest pain or ischemic findings on a
treadmill exercise test or myocardial scintigraphy were included
in this prospective study. All patients in both groups were
selected from patients in whom elective coronary angiography
was performed. None of the medications was discontinued
before angiography.

The study group included 32 consecutive patients with CSF
despite angiographically normal coronary arteries, and the con-
trol group included 32 consecutive patients with angiographi-
cally normal coronary arteries without CSF Patients with a
medical history of coronary artery disease, heart failure, uncon-
trolled hypertension, myocardial bridge, valvular heart disease,
renal or hepatic dysfunction, acute coronary syndrome, spastic
angina, or systemic disorders were excluded from the study.

Following coronary angiography, blood samples of the
patients were tested for creatinine, glucose, total cholesterol,
low-density lipoprotein (LDL) cholesterol, high-density lipopro-
tein (HDL) cholesterol, triglycerides, hemoglobin, and leukocyte
count. The clinical and demographic data of the patients were
obtained from the hospital’s database (Table 1).

Table 1. Demographic and clinical characteristics of the groups
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The Ondokuz Mayis University Medical Research Ethical
Committee approved this study in 2013 (OMUKAEK2013/243).

Determination of Thrombolysis in Myocardial Infarction

(TIMI) frame count (TFC)

Selective coronary angiography was performed using the
standard Judkins technique at 15 frames/s in multiple angulated
views. The left anterior descending coronary artery (LAD) and
left circumflex coronary artery (CX) were visualized in a right
anterior oblique projection with caudal angulations, and the
right coronary artery (RCA) was visualized in a left anterior
oblique projection with cranial angulations. During the coronary
angiography, iopromide (Ultravist 370; Schering AG, Berlin,
Germany) was used as the contrast agent in all patients. Other
agents, such as nitrate, verapamil, and nicorandil, were not
administrated.

TFC was calculated using the method of Gibson et al. (15).
The first frame was defined as the frame in which the opaque
material entered the coronary artery ostium, and the last frame
was defined as the frame that was needed for imaging the distal
landmark by the opaque material. The difference between the
first and last frames was considered the TFC. Normal TFC values
for the LAD, CX, and RCA were accepted as 36.2+2.6, 22.2+4.1,
and 20.4+3.0 frames within 30 frames/s, respectively (at 30

Slow coronary flow Normal coronary artery
(n=32) (n=32)
Mean+SD/Median Mean+SD/Median
n % (min-max) n % (min-max) P

Clinical and hemodynamic parameters
Age, years 57+10 54+9 0.25
Sex

Male 17 53 18 56 0.81

Female 15 47 14 44
Diabetes mellitus 7 22 10 34 0.27
Hypertension 18 56 18 62 0.64
Hyperlipidemia 16 50 8 28 0.07
Smoking 13 40 8 28 0.28
Systolic blood pressure (mm Hg) 130 (120-160) 137.5 (100-155) 0.706
Diastolic blood pressure (mm Hg) 80 (60-95) 80 (60-95) 0.21
Baseline medications
Angiotensin-converting enzyme inhibitor " 34.4 10 37 0.83
Angiotensin Il receptor blocker 5 16 4 15 0.93
Beta-blocker 7 22 6 22 0.97
Calcium channel blocker 6 19 5 19 0.98
Aspirin 10 313 5 18.5 0.26
Statin 10 31.3 5 18.5 0.26
Thienopyridines 2 6.5 1 3.7 0.63
Mann-Whitney U test and chi-square test were used
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frames/s) (15). Our images were acquired at 15 frames/s; there-
fore, all values were multiplied by 2.

Analysis of urotensin-II (Ull)

Preparation of the samples

The bloods samples were collected into test tubes, and
whole blood was allowed to clot at room temperature for 30
minutes. Then, the samples were centrifuged at 3000 x g for 10
minutes at 4°C. Following centrifugation, the serum was removed
and transferred to a clean tube. All samples were stored at
-80°C until analysis. The day before the study, all samples were
dissolved at 2-8°C.

Measurement of serum human urotensin-llI (Ull) levels

Ull levels were analyzed according to the manufacturer’s
instructions (Hangzhou Eastbiopharm Co. Ltd., Hangzhou, China).
The principle of the test is a double-antibody sandwich enzyme-
linked immunosorbent assay (ELISA). The plate was pre-coated
with an antibody specific to Ull, and the samples were added to
the wells with a biotin-conjugated antibody specific to Ull. Next,
avidin-conjugated horseradish peroxidase was added to the
wells and incubated. After chromogen solutions were added, the
enzyme-substrate reaction was terminated by the addition of
acid solution, and the color change was measured photometri-
cally at 450 nm. The concentration of Ull in the samples was
determined by a standard curve, and the results were presented
in pg/mL.

Statistical analysis

Based on studies carried out by two-sample t-test power
analysis in order to calculate sample size, the testing power was
99.9% with 32 observation values from each group. Data were
analyzed using IBM SPSS, version 21. The Kolmogorov-Smirnov
test was used to analyze the normal distribution of the variables
(p>0.05). Results are expressed as mean and standard deviation
(SD) for normal distribution or median (min-max) for non-normal
distribution. The independent t-test was used to compare con-
tinuous data of normal distribution, and the Mann-Whitney
U test was used in cases of non-normal distribution. The chi-
square test was used for categorical variables, and correlations
between quantitative data were analyzed by Spearman’s cor-
relation test. Multivariate logistic regression analysis was used
to find independent covariates for CSE P values <0.05 were
considered significant.

Results

Our study included 32 CSF and 32 normal coronary artery
(NCA) patients. Both groups showed similar demographic and
clinical characteristics (Table 1). In the CSF group, 13 patients
had slow flow in all three vessels, two patients had slow flow
in the LAD and CX, three patients had slow flow in the CX and
RCA, three patients had slow flow in the LAD and RCA, five
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Slow coronary

Normal coronary

flow (n=32) artery (n=32)
Median (min-max) | Median (min-max) P
Urotensin Il, pg/mL 122 (71-831) 95 (21-635) <0.001

UII - urotensin Il; Mann-Whitney U-test was used

Table 3. Biochemical and hematological parameters of the groups

Slow coronary | Normal coronary
flow (n=32) artery (n=32)
MeanzSD/Median | Mean+SD/Median
(min-max) (min-max) P
Fasting serum 99 (65-171) 101 (76-201) 0.17
glucose (mg/dL)
Creatinine (mg/dL) 0.84 (0.5-1.3) 0.8 (0.5-1.9) 0.57
Total cholesterol 192+30 190+33 0.76
(mg/dL)
LDL cholesterol 123426 108+30 0.056
(mg/dL)
HDL cholesterol 40+10 48+15 0.03
(mg/dL)
Triglycerides 133 (67-409) 147 (46-310) 0.54
(mg/dL)
Hemoglobin (g/dL) 13.7+1.3 13.4+15 0.42
Leukocytes (10%/mm?) 8.6+2.1 14417 0.02

HDL - high-density lipoprotein; LDL - low-density lipoprotein. Independent t-test and
Mann-Whitney U-test were used

patients had slow flow in the LAD only, three patients had slow
flow in the CX only, and three patients had slow flow in the RCA
only.

Ull levels were found to be significantly higher in the CSF
group compared with the NCA group [p<0.001; 122 (71-831) pg/
mL and 95 (21-635) pg/mL, respectively] (Table 2). The Ull levels
in the CSF group were significantly higher in patients with three-
vessel slow flow than in patients with one- or two-vessel slow
flow (mean 388 pg/mL, 188 pg/mL, p=0.004).

HDL levels were significantly lower in the CSF group, and
leukocyte counts were significantly higher (Table 3). A positive
correlation was found between Ull and mean TFC (r=0.524,
p=0.002) in the CSF group. There was no significant correlation
between urotensin-1l levels and systolic blood pressure in these
patients (r=0.187, p=0.155).

The independent variables that were used for the multivari-
ate logistic regression analysis were: sex, diabetes mellitus,
hypertension, hyperlipidemia, smoking, total cholesterol, low-
density lipoprotein, high-density lipoprotein, urotensin, and
systolic blood pressure. The multivariate logistic regression
analysis suggested that Ull, HDL, and cigarette smoking were
independent indicators in predicting CSF (OR=1.010, 95% confi-
dence interval 1.002-1014, p=0.019; OR=0.927, 95% confidence
interval 0.869-0.988, p=0.019; 0R=5.755, 95% confidence interval
1.272-26.041, p=0.021, respectively).
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Discussion

This investigation showed a significant positive correlation
between Ull and CSE Previous studies have suggested an
impaired balance between vasoconstrictor and vasodilator fac-
tors in the etiology of CSE High levels of ET-1 may slow down
circulation by increasing coronary resistance (16). Celebi et al.
(17) encountered higher levels of plasma ET-1 in CSF patients
than in normal coronary artery diseases. ET-1 that is released
from the endothelium due to ischemia/reperfusion injury may
cause intensive and continuous microvascular constriction. It
has been stated that ET-1 levels may predict no-reflow after
primary percutaneous coronary intervention (PCI) in patients
with acute ST elevation (18). Ull has a vasoconstrictive effect
that is 50 times greater than ET-1; however, whether Ull plays a
role in the pathophysiology of CSF has not yet been investigated.
To the best of our knowledge, this investigation is the first to
reveal the association between Ull and CSF

The heart is one of the major sources of Ull (19). Ull causes
vasoconstriction in endothelium-denuded coronary arteries in
various species, including rats, cynomolgus monkeys, dogs, and
humans (20, 21). Ull may play an etiological role in the develop-
ment of essential hypertension, due to its potent vasoconstric-
tive characteristics (22). Ull is also associated with left ventricu-
lar hypertrophy, fibrosis, and myocardial infarction (23). The
expression of Ull is upregulated in the endothelial, myointimal,
and medial smooth muscle cells of atherosclerotic human coro-
nary arteries (24). Ban et al. (25) demonstrated a positive corre-
lation between Ull levels and systolic blood pressure and
carotid intima-media thickness. Our findings suggest that Ul
may also lead to CSF through a similar mechanism with ET-1.

Chai et al. (26) encountered higher levels of Ull and endothe-
lin in coronary artery disease (CAD) patients than in a healthy
control group. In addition, Ull levels after PCI were found to be
higher than pre-procedure levels in CAD. The expression of Ull
was found to be significantly higher after balloon angioplasty in
rats. In addition, intima thickness was found to be lower in
patients treated with a selective Ull receptor antagonist follow-
ing angioplasty than in a control group (27). The increased level
of Ull following balloon angioplasty might be due to impaired
coronary circulation due to microembolization. In our investiga-
tion, we also found that occlusion of small vessels might cause
CSF due to high levels of Ull, through a similar mechanism in
which increased microvascular resistance is considered
responsible for CSE

Hawkins et al. (28) reported that CSF patients were more
obese and had lower HDL levels than a control group. They also
stated that male sex and BMI were independent indicators in
predicting CSF (28). In another investigation, TFC was found to
be higher in cigarette smokers than in non-smokers (17). In our
investigation, HDL levels were significantly lower in the CSF
group. In addition, low HDL levels and cigarette smoking were
determined to be independent indicators in predicting CSF. Both
low HDL level and cigarette smoking are risk factors for CAD.

Anatol ) Cardiol 2015; 15: 475-9

These findings suggest that CSF may be a diffuse microvascular
atherosclerotic disease.

Higher plasma/serum CRP, IL-6, and uric acid concentrations
have been found in CSF patients than in patients with normal
coronary diseases (29-31). Similarly, Xai et al. (32) found higher
levels of postprandial blood glucose, platelet count, and hs-CRP
in their CSF group compared with their control group. They
determined that hs-CRP is an independent predictor of CSF and
that inflammation may be one of the essential factors of CSE
UTII may also play a role in inflammation (22). Similarly, in our
investigation, leukocyte count was higher in the CSF group than
in the control group.

Study limitations

Medical conditions that may affect Ull, like hyperlipidemia,
metabolic syndrome, and diabetes, were not excluded from the
study, but their distributions were similar in both groups. We con-
ducted our investigation on a small group; therefore, the findings
need to be supported by larger randomized, control studies.

Conclusion

The higher levels of Ull in the CSF group suggest that Ull may
be one of the underlying factors in the pathogenesis of CSE
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