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Abstract

Introduction: Slow coronary flow (SCF) is an angiographic phenomenon
characterized by delayed opacification of epicardial coronary arteries with-
out an obstructive coronary disease. Serum soluble urokinase-type plasmin-
ogen activator receptor (suPAR) levels seem closely related to atheroscle-
rosis due to increased inflammation and prothrombotic state. We studied
whether circulating suPAR is related to SCF.

Material and methods: The present study was cross-sectional and obser-
vational. It included 75 individuals who underwent coronary angiography
with suspected CAD and had angiographically normal coronary arteries of
varying coronary flow rates. The relationship between suPAR, C-reactive pro-
tein (CRP) and SCF was investigated. Forty patients with isolated SCF (mean
age: 46.0 +4.14 years) and 35 age- and gender-matched control participants
with normal coronary flow (NCF) and normal coronary arteries (NCA) (mean
age: 46.0 +5.7 years) were included in the study. We used logistic regression
analysis to determine the predictors of SCF.

Results: The clinical characteristics were not statistically significantly dif-
ferent between SCF and NCA groups. Serum suPAR level was significantly
higher in the SCF group than the control group (2.5-5.4 ng/mlvs. 0.1-1.4 ng/
ml; p < 0.001). Also the serum CRP level was higher in the CSF group than
the control group (1.57 £0.43 mg/l vs. 0.53 +0.23 mg/l; p < 0.001).
Conclusions: This study revealed significantly increased serum suPAR levels
in patients with SCF. Although we cannot draw conclusions on the under-
lying pathological process of SCF we believe that these findings may be
pioneering for further studies investigating the specific roles of circulating
SUPAR in the SCF phenomenon in the coronary vasculature.

Key words: coronary slow flow, SuPAR, high-sensitivity C-reactive protein,
coronary angiography, regression analysis.

Introduction

Slow coronary flow (SCF) is a common angiographic finding character-
ized by delayed opacification of epicardial coronary arteries without ob-
structive coronary disease [1, 2]. It is reported that the incidence of SCF is
1% in patients undergoing coronary angiography for suspected coronary
artery disease (CAD) [2]. Since the first description in 1972 by Tambe
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et al. [1], there have been many reports with the
aim of describing the precise pathophysiological
mechanisms such as small vessel disease, mi-
crovascular vasomotor dysfunction, diffuse ath-
erosclerosis, and endothelial dysfunction [3-6].
Occlusive disease of the small coronary arteries,
which may be a form of early-phase atherosclero-
sis, has also been suggested as a cause [7]. Also,
it is reported that SCF may cause transient myo-
cardial hypoperfusion in patients with angina and
normal coronary arteries, and these patients have
a higher chance of significant coronary artery dis-
ease and an apparently worse prognosis [8].
SUPAR is a novel proinflammatory biomark-
er and chemotactic agent [9] that is released by
cleavage of the membrane-bound urokinase type
plasminogen activator receptor (UPAR). SUPAR is
ubiquitous in body fluids including the plasma,
urine, and cerebrospinal fluid, is involved in the
inflammatory processes and promotes the body’s
immune response. Up-regulation of uPAR is mani-
fested by raised blood suPAR levels and has been
observed in many conditions such as rheumato-
logic conditions, malignancies, infections, sepsis
and cardiovascular diseases [10-20]. suPAR is also
thought to be involved in atherosclerotic processes
such as endothelial dysfunction, macrophage-me-
diated inflammation and immune dysregulation
[21]. The physiological role and pathophysiological
importance of suPAR in SCF are unclear. Since SCF
seems to be an early form of atherosclerosis and
low-grade inflammation plays a major role in the
atherosclerotic vascular processes, suPAR-related
inflammation may also be involved in SCF as well.
The aim of this study was to investigate wheth-
er suPAR level and high-sensitivity C-reactive pro-
tein (hs-CRP) levels are higher in patients with SCF
compared to patients with angiographically normal
coronary arteries. We also evaluated the potential
relationship between these markers and Thrombol-
ysis in Myocardial Infarction (TIMI) frame count.

Material and methods
Study design and patient population

The present study was cross-sectional and ob-
servational. We randomly selected a total of 75
individuals from patients who underwent coro-
nary angiography with suspicion of CAD, between
March 2015 and October 2015, at our institute’s
outpatient clinic, and had angiographically normal
coronary arteries (NCA) of varying coronary flow
rates without any atherosclerotic lesions. They
were enrolled in the study. All patients had chest
pain or angina equivalent symptoms with either
positive treadmill test or myocardial perfusion
study. Clinical characteristics, which consisted of
multiple descriptors from each patient’s history

and physical examination, were collected by phy-
sicians from the cardiology clinic of each patient
at the time of cardiac catheterization and were
stored in the database of coronary angiography
laboratory at our institution. Patients with known
coronary or peripheral vascular disease, ectatic
coronary arteries, non-ischemic dilated cardiomy-
opathy, renal and hepatic dysfunction, evidence of
ongoing infection or inflammation, hematological
disorders, and known malignancy were excluded
from the study. None of the participants in the
study was on any vasoactive drugs.

The study was performed in accordance with
the principles stated in the Declaration of Helsin-
ki and approved by the local Ethics Committee
of Marmara University, Faculty of Medicine. In-
formed consent was obtained from all patients
prior to the study.

Biochemical measurements

Blood samples were drawn by venipuncture to
measure routine blood chemistry parameters af-
ter fasting for at least 8 h. Fasting blood glucose,
serum creatinine, total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein
cholesterol, and triglyceride levels were recorded.
Glucose, creatinine, and lipid profile were deter-
mined by standard methods. Serum CRP was ana-
lyzed using a nephelometric technique (Beckman
Coulter Immage 800; Fullerton, CA, USA; normal
range 0-0.8 mg/dl). Blood samples for suPAR were
drawn after coronary angiography and serum, iso-
lated by centrifugation within 1 h at 2500 g for
10 min, and stored at —=80°C. Serum levels of suPAR
were measured using commercially available kits
according to the manufacturer’s instructions
(suPARnostic kit; ViroGates, Copenhagen, Den-
mark) Minimum detectable high-sensitivity C-re-
active protein (hs-CRP) and suPAR were 0.1 mg/I
and 0.1 ng/ml, respectively.

Coronary angiography and determination
of SCF

Coronary angiography was performed by the
femoral approach using the standard Judkins tech-
nique. Coronary angiograms were recorded in right
and left oblique planes using cranial and caudal
angulations, with a rate of 30 frames/s. During cor-
onary angiography, iopromide (Ultravist 370, Sch-
ering AG, Berlin, Germany) was used as the con-
trast agent in all patients and control participants.

TIMI frame count was derived from the number
of cine-frames recorded from the first entrance
of contrast to its arrival at the distal end of the
left anterior descending artery (LAD), the circum-
flex artery (Cx), or the right coronary artery (RCA)
[22]. It is a quantitative, simple, objective and re-
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producible index of coronary flow velocity [22].
The initial frame count is defined as the frame in
which concentrated dye occupies the full width
of the proximal coronary artery lumen, touching
both borders of the lumen, and exhibiting for-
ward motion down the artery. The final frame is
designated when the leading edge of the contrast
column initially arrives at the distal end. The last
frames used for the LAD, Cx and RCA were those
in which the dye first entered the mustache seg-
ment, distal bifurcation segment, and first branch
of the posterolateral artery, respectively. The final
count was then subtracted from the initial count
and the exact TIMI frame count was calculated for
the given artery. The TIMI frame count of the LAD
artery was corrected by dividing the final count by
1.7. The mean TIMI frame count for each patient
and control subject was calculated by adding the
TIMI frame counts for LAD, Cx and RCA and then
dividing the obtained value into three. Coronary
angiograms and TIMI frame counting were ana-
lyzed by two blinded interventional cardiologists
without knowledge of the clinical status and lab-
oratory measurements of the subjects. Due to dif-
ferent durations required for normal visualization
of coronary arteries, the corrected cutoff values
were 36.2 +2.6 frames for LAD, 22.2 +4.1 frames
for Cx, and 20.4 +3.0 frames for RCA, as has been
reported earlier in the literature [22]. Any values in
excess of these thresholds were considered as SCF.

Statistical analysis

Data were analyzed with the SPSS software
version 10.0 for Windows (SPSS Inc., Chicago, IL,
USA). Continuous variables from the study groups
were reported as mean * standard deviation,
categorical variables as percentages. To com-
pare continuous variables, Student’s t-test or the
Mann-Whitney U test was used where appropri-
ate. Categorical variables were compared with the
chi-square test. The correlations between serum
SUPAR, hs-CRP levels, and mean TIMI frame count
were performed with Pearson correlation analysis.
The relationship between serum suPAR levels and
mean TIMI frame count and serum hs-CRP levels
and mean TIMI frame count were tested in a linear
regression model adjusted for confounding fac-
tors such as age, gender, body mass index (BMI),
smoking, glucose and cholesterol levels. Standard-
ized beta coefficients and 95% confidence inter-
vals (Cl) were calculated. Statistical significance
was defined as p < 0.05.

Results
Clinical characteristics

Clinical and laboratory characteristics of the
patients with SCF and the control group are pre-

sented in Table I. There were no statistically sig-
nificant differences between the two groups with
respect to age, gender, body mass index, smoking,
systolic and diastolic blood pressures, heart rate,
ejection fraction and levels of glucose, creatinine,
total cholesterol, triglyceride, low-density lipopro-
tein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, or white blood cells. The TIMI
frame count for all the epicardial coronary arteries
and the mean TIMI frame count were significantly
higher in the SCF group than the control group.

Serum suPAR levels and hs-CRP levels in SCF

Serum suPAR levels were significantly higher
among patients with SCF than controls (3.71 ng/
ml; 2.5-5.4 ng/ml vs. 0.75 ng/ml; 0.1-1.4 ng/ml
respectively; p < 0.001). Serum hs-CRP levels were
significantly higher among patients with SCF than
controls (1.57 +0.43 vs. 0.53 +0.23 mg/| respec-
tively; p < 0.001).

Relationship between serum suPAR levels
and TIMI frame count

In linear regression analysis, when suPAR levels
were taken as the dependent variable with other
study variables which are potential confounders
such as age, gender, BMI, smoking, glucose and
cholesterol levels, serum suPAR levels were only
independently correlated with mean TIMI frame
count (B = 0.60, 95% Cl: 4.23-8.56, p < 0.001) (Fig-
ure 1 A). When serum hs-CRP levels were taken as
the dependent variable with other study variables
which are potential confounders such as age, gen-
der, BMI, smoking, glucose and cholesterol levels,
serum hs-CRP levels were only independently cor-
related with mean TIMI frame count (B = 0.29,
95% Cl: 0.68-3.78, p = 0.003) (Figure 1 B).

Discussion

In this study, we found that suPAR and hs-CRP
levels were significantly higher in patients with
SCF than in control subjects. We also found a sig-
nificant association of suPAR and hs-CRP levels
with TIMI frame count. Several mechanisms have
been proposed for the etiology of SCF, including
occlusion of small vessels, increased microvascu-
lar resistance, and diffuse atherosclerosis [1, 4,
5, 7]. However, the exact underlying pathophys-
iological mechanisms, as well as the clinical im-
portance of this angiographic phenomenon, are
not fully understood at present. Inflammation has
been reported to be a major contributing factor
to many cardiovascular events, and demonstrated
to be associated with different clinical settings of
coronary artery disease [21, 23].

Recently, inflammation has been suggested
to play a role in the pathogenesis of SCF. Li et al.
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Table 1. Clinical and laboratory characteristics of patients with CSF and control group

Variables CSF group Control group P-value
(n = 40) (n = 35)
Age [years] 46.0 +4.14 46 +5.7 0.98
Male gender (%) 25 (62.5) 23 (65.7) 0.772
Current smoking (%) 29 (72.5) 25 (71.5) 0.918
Family history of CAD (%) 7 (17.5) 7 (20) 0.782
Baseline hemodynamic data:
SBP [mm Hg] 127.4 £12.2 125.2 £11.2 0.423
DBP [mm Hg] 71.1 £8.3 67.1 £9.2 0.0540
Heart rate [bpm] 80 6.5 81+7.4 0.515
EF [%] 64.9 (58-71) 63.8 (50-72) 0.055
Baseline laboratory data:
Creatinine [mg/dl] 0.87 +0.09 0.87 0.1 0.869
Glucose [mg/dl] 96.4 (89-110) 95 (88-105) 0.182
Total cholesterol [mg/dl] 213 (158-260) 183 (140-240) 0.012
LDL cholesterol [mg/dl] 85.9 £17.9 91.6 +8 0.083
HDL cholesterol [mg/dl] 40.6 +6.5 43.1 +6.6 0.113
Triglyceride [mg/dl] 139.8 +43.3 151.7 +26.3 0.161
WBC [x10%/pl] 8 +0.87 7.7 0.9 0.124
hs-CRP [x103/ul] 1.57 +0.43 0.53 £0.23 < 0.001
SUPAR [ng/ml] 3.71 (2.5-5.4) 0.75 (0.1-1.4) < 0.001
TIMI frame count:
LAD 37.6 (30-46) 14 (12-20) < 0.001
LCx 35.2 (28-41) 14.3 (10-21) < 0.001
RCA 26.8 (20-31) 13.7 (11-18) < 0.001
Mean 33.3 (30-38) 13.9 (12-17.3) < 0.001

CSF — coronary slow flow, CAD — coronary artery disease, SBP — systolic blood pressure, DBP — diastolic blood pressure, EF — ejection
fraction, LDL — low-density lipoprotein, HDL — high-density lipoprotein, WBC — white blood cells, hs-CRP — high-sensitivity C-reactive
protein, suPAR — circulating soluble urokinase-type plasminogen activator receptor, TIMI — Thrombolysis in Myocardial Infarction, LAD — left

anterior descending artery, LCX — left circumflex artery, RCA — right coronary artery.
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Figure 1. A — Serum suPAR levels were significantly higher among patients with SCF than controls. B = Serum
hs-CRP levels were significantly higher among patients with SCF than controls
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found that plasma levels of inflammatory factors,
hs-CRP and IL-6 in patients with SCF were signifi-
cantly higher than those of control subjects [23].
Varol et al. found higher levels of neopterin, which
is thought to be a marker of immune activation
and macrophage activity, in the CSF group than
the normal coronary flow group [24]. Selcuk et al.
reported that serum concentrations of adiponec-
tin, a modulator of the inflammatory response
in the vascular wall, were decreased in patients
with SCF and inversely correlated with mean TIMI
frame count [25]. Durakoglugil et al. reported sig-
nificantly increased serum levels of sCD40, which
is a proinflammatory agent, in patients with SCF
[26]. Yildirim et al. observed that levels of thrombin
activatable fibrinolysis inhibitor (TAFI), also a proin-
flammatory factor, were higher in patients with SCF
[27]. Aksan et al. reported that patients with CSF
had elevated levels of neutrophil gelatinase-associ-
ated lipocalin (NGAL), which is released in response
to active inflammation [28]. Canga et al. found that
increased levels of resistin, an inflammatory modu-
lator, were associated with CSF [29]. Also, Cakmak
et al. reported that visfatin, which is a novel adipo-
kine and plays a role in inflammatory modulation,
was associated with CSF [30].

Urokinase plasminogen activator (uPA) is a ser-
ine protease that, on binding its receptor, uroki-
nase plasminogen activator receptor (uUPAR), leads
to the generation of plasmin [31]. uPA is produced
by vascular endothelial cells, smooth muscle cells,
monocytes, macrophages, fibroblasts and epitheli-
al cells [32]. uPAR plays a role in development of
atherosclerosis by orchestrating cellular adhesion,
migration, and proliferation [31, 33], and plasma
SUPAR likely reflects cellular shedding of a section
of uPAR from either inflammatory or endothelial
cells. SUPAR is present in low concentrations in
healthy individuals, where it has a role in neutro-
phil trafficking and stem cell mobilization [34]. Se-
rum concentrations are elevated in infectious dis-
eases induced by various pathogenic species [13,
35, 36]. SUPAR levels are also elevated in patients
with inflammatory disorders, including arthritis
[14] and inflammatory bowel disease [37]. On the
basis of these data, suPAR has been considered
a marker of (low-grade) activation of the immune
system [38].

In the general population, individuals with high
SUPAR concentrations are at an increased risk for
cardiovascular events, independent of Framing-
ham risk factors [39, 40]. Eapen et al. found that
SuUPAR level is an independent predictor of the
presence and severity of coronary artery disease
and of future adverse events [41]. In patients with
non-ST elevation acute coronary syndrome, as
well as in patients with ST-elevation myocardial
infarction (M), suPAR predicts all-cause mortality
and recurrent MI [18, 19]. suPAR was associated

with subclinical organ damage independently
of traditional risk factors [42]. One small study
confirmed the relationship between the levels
of suPAR in plasma and carotid plagues and the
presence of symptoms [43]. They concluded that
plague suPAR levels were associated with the
vulnerable plaque phenotype. This, however, con-
tradicted an earlier study suggesting that suPAR
levels did not predict atherosclerotic plaque
vulnerability [44]. The association between cor-
onary microvascular dysfunction and inflamma-
tory markers has been previously reported [45,
46]. Recently Mekonnen et al. found that plasma
SUPAR level was an independent predictor of cor-
onary microvascular function [47]. However, the
relation between SCF and suPAR levels has not
been investigated previously. To the best of our
knowledge, this is the first study investigating
serum sUuPAR levels in patients with SCF and the
relationship with TIMI frame count.

Some limitations of this study should be noted.
The first is the small number of patients. Another
limitation is that the analysis was based on a sim-
ple baseline determination that may not reflect
the patient status over long periods.

In conclusion, we found that suPAR and hs-CRP
levels were significantly elevated in patients with
SCF compared with control subjects. This study
shows that low-grade, chronic inflammation may
be involved in the pathogenesis of SCF. Further
prospective studies with a larger sample size are
required to establish the pathophysiological and
clinical significance of increased suPAR levels in
patients with SCF.
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