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Abstract: Introduction: Slow coronary flow (SCF) is a well-known angiographic finding; however, the pathophysiol-
ogy of SCF remains only partially understood. In this study, we have examined the risk factors of slow coronary
flow. Methods: Seventy patients with angiographically proven SCF were studied along with 60 control participants.
Patients were divided into 2 groups based on the angiographic findings as with or without SCF. In both groups, clini-
cal information was collected and laboratory parameters were measured and compared. Results: Patients with SCF
had higher serum uric acid, creatinine and hemoglobin levels. They also more commonly had a history of smoking.
On the other hand, C-reactive protein and hematologic parameters such as mean platelet volume (MPV), red cell dis-
tribution width (RDW), and neutrophil to lymphocyte (N/L) ratio did not differ significantly between the two groups.
In the logistic regression analysis, only uric acid (odds ratio [OR]=1.583, 95% confidence interval [CI]=1.011-2.349,
P=0.034) was found as an independent correlate of SCF. Conclusions: This study demonstrates that serum uric
acid level is significantly correlated with SCF and may play a role in the development of the condition. These findings
provide impetus for additional studies to confirm these results and treatment of SCF.
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Introduction this study focuses on investigating the risk fac-
tors of SCF.

Slow coronary flow (SCF) is an angiographic

finding characterized by slow progression of Methods

contrast in the coronary arteries in the absence
of coronary artery obstruction [1]. The inci-
dence of SCF ranges from 1% to 6% among
patients who undergo coronary angiography [2,
3]. There are a limited number of studies
focused on SCF. Therefore, the underlying
pathophysiological mechanisms and the clini-
cal importance of SCF are not known clearly.
There are mechanisms that may be involved in

Study population

Patients who underwent coronary angiography
between August 2009 and August 2013 were
evaluated for possible inclusion in the study. A
total of 70 consecutive patients diagnosed with
SCF along with 60 age and gender-matched
patients (control group) were included in our
study after the following exclusions: history of

the SCF process, including small vessel dys- coronary artery disease or sign of coronary
function [4], diffuse atherosclerosis [5], inflam- artery disease on coronary angiograms, coro-
mation [6], endothelial dysfunction [7], and nary artery ectasia, acute coronary syndrome,
increased platelet aggregability [8]. Although valvular heart disease, congestive heart failure,
the pathophysiological mechanisms of slow renal failure (creatinine >1.5 mg/dl), hepatic
coronary flow remain uncertain, it is important and hemolytic disorders, anemia, concomitant
to determine the main risk factors for SCF to inflammatory diseases and neoplastic diseas-
gain insights that may allow for further study of es. Patients taking uric acid-lowering therapy

the condition and its mechanisms. Therefore, were also excluded. Detailed physical examina-
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tions were performed on all patients. The local
ethical committee approved the study pro-
tocol.

Definitions

Hypertension was defined as a blood pressure
of 140/90 mm Hg or greater, or having a history
of antihypertensive drug use. Diabetes mellitus
(DM) was defined as a fasting blood glucose of
>126 mg/dl on two occasions or as being on
treatment. Admission anemia was defined as a
baseline hemoglobin (Hb) concentration less
than 13 mg/dL in men and less than 12 mg/dL
in women.

Evaluation of coronary blood flow

Coronary angiography was commonly indicated
because of clinical symptoms or results of non-
invasive tests that suggested myocardial isch-
emia. Coronary angiography was performed
using the standard Judkins technique. A con-
trast agent was injected manually during coro-
nary angiography (6-10 ml of contrast agent at
each position using right and left, and cranial
and caudal angulations). TIMI frame count
(TFC) was determined for each major coronary
vessel by 2 trained cardiologists with cineangi-
ography at 25 frames per second [9]. Both
investigators were blinded to the clinical details
of the individual cases. The TFCs for the left
anterior descending (LAD) and circumflex (Cx)
arteries were assessed in either the right ante-
rior oblique projection with caudal angulations
or the left anterior oblique projection with cra-
nial angulations and that of right coronary
artery (RCA) usually in straight left anterior
oblique projection. Since the LAD coronary
artery is usually longer than the RCA and the
CX, and the TIMI frame count for LAD is often
higher, the LAD frame counts were corrected by
dividing by 1.7. Patients with a TFC greater than
two standard deviations from the normal pub-
lished range for any 1 of the 3 vessels (40.6,
29.8 and 27.3 frames for LAD, Cx, and RCA
respectively) were considered to have SCF.

Laboratory measurements

A fasting venous blood sample was obtained in
the morning before coronary angiography.
Levels of total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and triglycer-
ides (TG) in serum were measured using an
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Abbott Aeroset auto-analyzer with original kits
(Abbott Laboratories. Abbott Park, lllinois,
U.S.A.). Low-density lipoprotein (LDL) choles-
terol levels were calculated using the Friedewald
equation. Serum uric acid levels were mea-
sured using an enzymatic colorimetric test on a
Roche/Hitachi analyzer. C-reactive protein
(CRP) level was immunologically determined by
immunoturbidimetric method (Abbott Aeroset
1600 autoanalyser, by Abbott reagents,
Germany). Hemoglobin, along with other hema-
tologic parameters, was measured on the
Abbott Laboratories Cell-Dyn counter (Cell-dyn
3700 Abbott Laboratories, IL, U.S.A.). The N/L
ratio was obtained by dividing the total count of
neutrophils by the lymphocytes count.

Statistical analysis

All analyses were performed using SPSS 'V 16.0
for Windows (version 16.0, SPSS, Chicago,
Illinois). All data are presented as mean + stan-
dard deviation unless otherwise stated. The
Student t test was used to compare serum uric
acid levels, CRP, creatinine, LDL cholesterol
and hemogram parameters in groups accord-
ing to 2 groups based on the coronary flow. Chi-
square test was used to compare gender,
hypertension, diabetes, and smoking between
2 groups. Univariate and multivariate logistic
regression analyses were applied to determine
crude and adjusted odds ratios (ORs) and 95%
confidence intervals (Cls) for the relationship
between uric acid levels, CRP, creatinine, LDL
cholesterol, hemogram parameters and the
presence of SCF. All potential (physiologically
meaningful) determinants of the SCF were
investigated in a univariate regression analysis.
Those variables with P<0.1 by univariate analy-
sis were included in the backward stepwise
multivariate logistic regression analysis model
and the respective odds ratios (OR) with 95%
confidence intervals (Cl) were calculated. All
statistical tests were two-sided, and statistical
significance was determined at a P value <0.05.

Results

In all of the studied patients studied, the mean
age was 57.3+10 years and 49.2% of the pati-
ents were female. Among the 70 patients with
slow coronary flow, 38 patients had 3-vessel
involvement, 16 patients had 2-vessel involve-
ment and 16 patients had single-vessel invol-
vement. Moreover, SCF was most commonly
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Table 1. Baseline clinical and laboratory characteristics of

slow coronary flow and control groups

more commonly had a history of
smoking. Serum uric acid (5.2+1.7

vs 3.6x1.5 mg/dl, P<0.001), creati-

Control group SCF group P value -
Age, years 57.5¢8.0 571+11.8 0.865 nine (0.9+0.2 vs 0.840.1 mg/dl,
Male gender, n (%) 29(48.3) 37(52.8) 0.576 P=0.004), and hemoglobin (14.1+
7 ) ’ ’ 1.4 vs 13.3%1.5 g/dl, P=0.005),
Hypertension, n (%) 18(30)  18(25.7) 0468 were significantly higher in the SCF
Diabetes, n (%) 8(13.3) 14(20) 0321 group than in the normal coronary
Smoking, n (%) 4(6.7) 14(20)  0.031 flow group (Table 1).
Heart rate (beats/min) 74.7£12.2 75.5+12.1 0.726
Total cholesterol (mg/dI) 190.7+43.4 189.9+43.1 0.927 To further explore the independent
LDL cholesterol (mg/dl) 113.9430.8 111.8431.4 0.759 predictor(s) of slow coronary flow,
HDL cholesterol (mg/dl) 49.3+13.6 50.4+13.4 0.704 &z‘guasng;‘zlgz'i;ig;eii'?(pag:ggﬁ:
Trl.glyce.rlde (mg/dl) 135.9+73.1 145.8+103 0.608 and nontraditional risk factors affe.
Uric acid (mg/dl) 3.6+x1.5 5.2+1.7 <0.001 cting SCF. In the multiple logistic
Creatinine (mg/dl) 0.8+0.1 0.940.2 0.004 regression analysis we adjusted for
C-reactive protein, mg/I 4.1+1 4.2+1 0.654 age, gendery hypertension, diabe-
Hemoglobin (g/dl) 13.3+1.5 14.1+1.4  0.005 tes, LDL cholesterol, smoking, uric
Mean platelet volume (fl) 8.7+1.1 8.3+0.8 0.070 acid, creatinine, hemoglobin and
Platelet distribution width, % 16.4+0.5 16.4+0.6  0.911 CRP and only uric acid (odds ratio
Red cell distribution width, %  14.2+1.3  13.9+1.3 0.194 [OR]=1.583, 95% confidence inter-
Neutrophil count (10%/L) 4.4+1.8 51421  0.061 val [Cl]=1.011-2.349, P=0.034)
Neutrophil/lymphocyte ratio 2.3+1.2 3+28  0.141 was found as an independent corre-
White blood cell count (10%/L) 72421 81+2.7  0.084 late of SCF (Table 2, Figure 1).
Beta-blocker use, n (%) 10 (16.6) 9 (15.2) 0.457 Discussion
ACE inhibitor use, n (%) 16 (26.6) 12 (20.3) 0.392
Statin use, n (%) 13 (21.6) 9(15.2) 0.233 Although several studies on SCF
Nitrates, n (%) 5(8.3) 6 (10.1) 0.754 have been conducted, the precise
Calcium canal blockers, n (%) 4 (6.6) 6(10.1) 0513 pathophysiologic mechanisms  of
TIMI frame count values SCF haye not yet been elucidated.
LAD (corrected) 21 3335 304341 <0.001 Regarding control of coronary blood
R T ) flow, the endothelium plays an
LCx 204+3.1  28.243.2 <0.001 important role by regulating coro-
RCA 214429  29.1+3.4 <0.001

nary vascular tone [10]. It has been

Abbreviations: ACE, Angiotensin converting enzyme; LDL, Low-density
lipoprotein; HDL, High density lipoprotein; LAD, Left anterior descending
coronary artery; LCx, Left circumflex coronary artery; RCA, Right coronary

artery; SCF, Slow coronary flow.

present in LAD in 48 participants (68.5% of

SCF patients).

Demographic and clinical patient characteristi-
cs are listed in Table 1. There was no difference
in age, gender, presence of diabetes, dyslipid-
emia, and hypertension, lipid profiles-including
TG to HDL cholesterol-, CRP, heart rate and
baseline medications between the SCF and
control groups. Likewise, hematologic parame-
ters, such as mean platelet volume (MPV), red
cell distribution width (RDW), neutrophil to lym-
phocyte (N/L) ratio, white blood cell (WBC) and
platelet distribution width (PDW), were similar
between the study groups. Patients with SCF

13764

shown that endothelial function,
measured by the brachial artery
flow-mediated dilatation (FMD), is
impaired in people with SCF [7].
Reduced nitric oxide (NO) bioactivi-
ty as well as impaired vascular endothelial
function was also observed in patients with
SCF [11]. Recently, decreased adiponectin con-
centrations and paraoxonase (PON) activity,
two significant markers of endothelial dysfunc-
tion, have been shown to be associated with
SCF [12]. High levels of serum uric acid were
found to be associated with endothelial dys-
function [13]. Hyperuricemia is known to induce
endothelial dysfunction via down regulation of
NO production and mitochondrial Na+/Ca?*
exchanger-mediated mitochondrial calcium
overload [14]. In addition, Elbasan et al [15]
demonstrated a positive independent associa-
tion between serum uric acid level and SCF in
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Table 2. Logistic regression analysis of the main risk factors of

slow coronary flow

Slow flow in normal coronary arteries

smooth muscle cell prolifera-
tion and oxidative stress via
the vascular renin-angioten-

Variables Odds Ratio  95% Confidence Interval P Value ) e
Age 1.011 0.951-1.074 0.717 sin system [18]. Gulld et al
Gender 2.869 0.674-15.122 0.284 [19] have also found serum
Hypertension 0.785 0.178-3.465 0.750 uric acid Ievgl to be. inversely
i ) correlated with CFR in healthy
Diabetes mellitus 0.584 0.113-3.016 0.520 individuals and in patients
LDL cholesterol 1.002 0.981-1.023 0.875 myopathy. Cin et al [20] inves-
Uric acid 1.583 1.011-2.349 0.034 tigated the coronary artery
Creatinine 1.405 0.016-30.741 0.902 morphology in patients with
Hemoglobin 1.004 0.569-1.769 0.990 SCF. In their coronary angio-
CRP 1.099 0.690-1.750 0.692 graphic analysis patients with
SCF had diffuse intimal thick-
ening, atheroma which did not
slowcoronaryflow cause luminal irregularities
. e e e o | S e and widespread calcification
along the coronary vessel wall
suggesting that, the SCF phe-
nomenon may be a form of
# early stage coronary athero-
sclerosis. A growing body of
evidence from experimental,
&7 clinical, and epidemiological
studies suggests a possible
association between elevated
47 levels of uric acid and several
indices of vascular function
including the development
ks and progression of athero-
sclerotic cardiovascular dis-
ease [15]. Consistent with our
o : P, B ; results, Naing et al recently
0 20 40 60 80 100 found that uric acid was the

uricacid

Figure 1. Uric acid as an independent corralate of SCF in logistic regression

analysis.

patients with cardiac syndrome X. In this study,
we consistently found that serum uric acid lev-
els were higher in patients with SCF.

There is considerable evidence that the SCF
occurs as a result of coronary microvascular
dysfunction [4]. It was reported that coronary
flow reserve (CFR), as an indicator coronary
microvascular function, is impaired in patients
with SCF [16]. Reduced CFR, has been shown
to be an early manifestation of coronary athero-
sclerosis. Kanbay et al [17] reported that uric
acid may have a role in coronary microvascular
disease. Uric acid also stimulates vascular
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most determinant factor for
slow coronary flow phenome-
non, whereas brain natriure-
tic peptide (BNP), fibrino-
gen, gama-glutamyl transfer-
ase (GGT) and hematologic parameters, such
as MPV, RDW and hemoglobin, did not differ
significantly between the SCF and control
groups [21].

Although inflammation may play a role in the
pathogenesis of SCF, the association of SCF
with inflammatory markers is controversial.
Several studies have shown a positive relation-
ship between SCF and inflammation [6, 22]. By
contrast, CRP was not associated with SCF in a
recent study [23]. Neutrophil to lymphocyte
ratio provides a simple but promising method
to evaluate systemic inflammation and it is
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widely used as a prominent marker for cardio-
vascular diseases [24]. Elevated N/L ratio
indicative of a systemic inflammatory response
was found to be associated with SCF [25].
Elevated serum uric acid was found to be asso-
ciated with inflammation [26]. A strong correla-
tion between RDW and inflammatory markers
has also been observed [27]. The RDW has
also been found to be associated with reduced
coronary blood flow [28]. Despite the studies
mentioned above, the association between
SCF and inflammation remains unclear due to
the limited number of patients in these studies
and conflicting data. The systemic influence
hypothesis, at least for CRP, N/L ratio and RDW,
is not valid in our study, as CRP, N/L ratio and
RDW values were similar between the SCF and
NCF groups. In the same line, Erdogan et al
[29]. found no significant association between
SCF and CRP. Consistent with our results, Celik
et al [30] has recently shown that levels of vita-
min E, a membrane protector against oxidative
stress, were decreased in patients with slow
coronary flow. At the same time, there was no
significant difference between the two groups
in terms of plasma CRP levels.

Platelet function disorder has also been impli-
cated in the pathogenesis of the SCF phenom-
enon [8, 31]. Gokce et al [8] reported that the
ratio of platelet aggregability was significantly
higher in patients with slow coronary flow phe-
nomenon than in control subjects. This sug-
gests that the underlying pathophysiological
mechanism of slow coronary flow may be plate-
let function disorder. The size of the platelets,
represented by MPV, is a potentially useful
marker of platelet activity. It was recently shown
that MPV level is significantly associated with
coronary blood flow [32]. However, in our
cohort, there was no difference in MPV between
the SCF and control groups.

This study has several limitations. In this study,
the patients did not undergo IVUS (intravascu-
lar ultrasonography) to detect atherosclerotic
changes in the coronary arteries. Although no
subject presented with a doubtful appearance
or wall irregularity on angiographic evaluation,
atherosclerotic plaque or a lesion may only be
seen by IVUS. It has been demonstrated that
heart rate, nitrate use and coronary catheter
size have confounding effects on frame count
[33]. In the current study, coronary catheter
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size was the same for all participants and there
was no difference in baseline medications
between the SCF and control groups. Heart
rate was also similar in subjects with and with-
out SCF. In addition, we did not study the other
inflammatory markers such as serum fibrino-
gen, and interleukins (ILs). Studying these
markers may provide more informative data on
the role of inflammation in the etiopathogene-
sis of SCF. Finally, the sample size in our study
was relatively small.

In conclusion, our results suggest that endo-
thelial dysfunction as determined by increased
uric acid level, rather than inflammation, plays
a role in the etiopathogenesis of SCF. Our find-
ings provide impetus for additional studies to
address the underlying mechanism and treat-
ment of the condition.
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