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Abstract

Background and aim of the work: Platelets play a role in the pathogenesis of atherosclerotic complications by contributing to thrombus
formation or plaque rupture. There is evidence that inflammation plays an important role in the initiation, development as well as evolution of
atherosclerosis, suggesting that atherosclerosis is an inflammatory disease. The aim of this study is to evaluate the effect of mean platelet volume
(MPV) and some inflammatory markers on patients with slow coronary flow (SCF) and its possible relationship with clinical presentation.

Methodology: This study included thirty patients with coronary slow flow detected by coronary angiography via Thrombosis in Myocardial
Infarction (TIMI) frame count method and fifteen patients with normal coronary arteries were selected as control group. All patients group and
control group underwent Legal consent, complete history taking, Resting 12 leads ECG, CBC, fasting blood glucose level, serum triglycrides, LDL,
HDL, Mean platelet volume, C-reactive protein (CRP), ESR, interleukin 6 (IL6) at admission and after 6 months of treatment with antiplatlet and
antidyslipidemic. Transthoracic Echocardiography and Coronary angiography done to diagnose slow coronary flow by TIMI frame count.

Results: Of this study found that; Interleukin-6 and C-reactive protein as well as mean platelet volume were increased in patients with
coronary slow flow in comparison to control group. Interleukin 6 and C-reactive protein were decreased after six months of antidyslipidemic
drugs in comparison to their values at the start. 

Conclusion: increased concentrations of inflammatory markers in patients with SCF may be an indicator of endothelial activation and
inflammation and are likely to be in the causal pathway involving in SCF. Therefore, an attention should be paid to this unique phenomenon. Our
findings showed also that MPV is increased in patients with SCF, suggesting an altered platelet reactivity and aggregation which require effective
anti-platelet therapy in this patient subgroup.

Abbreviations:VSMC: Vascular Smooth Muscle Cells; MI: Myocardial Infarctions; LDL: Low-Density Lipoprotein; CRP: C-Reactive Protein;
IL-6: Interleukin-6; HDL: High-Density Lipoprotein; PPAR-a: Peroxisome Proliferator Activated Receptor alpha; PAMPs: Pathogen Associated
Molecular Patterns; PRRs: Pattern Recognition Receptors; TLRs: Toll-Like Receptors; LIF: Leukemia Inhibitory Factor; STATs: Signal Transducers
and Activators of Transcription; IL-11: Interleukin -11; CNTF: Ciliary Neurotrophic Factor; CT-1: Cardiotrophin-1; CLC: CardiotrophinLike
Cytokine; OSM: Onco Statin M; SAA: Serum Amyloid A; A-SAAs: Acute-Phase Serum Amyloid A Proteins; LPS: Lipopolysaccharide; TNF:
Tumor Necrosis Factor; IBD: Inflammatory Bowel Disease; MPV: Mean Platelet Volume; ADP: Adenosine Diphosphate; TFC: TIMI Frame Count;
TIMIM: Thrombolysis In Myocardial Infarction; CTFC: Corrected TIMI Frame Count; RI: Right Inferior; LAD: Left Anterior Descending Artery;
LCX: Left Circumflex Artery; DSA: Digital Subtraction Angiography; SCF: Slow Coronary Flow; CSFP: Coronary Slow Flow Phenomenon; NTproBNP:
N-Terminal Pro- Brain Natriuretic Peptide; RCA: Right Coronary Artery; ICAM-1: Intercellular Adhesion Molecule-1; VCAM-1: Vascular
Cell Adhesion Molecule-1; NO: Nitric Oxide; EDRF: Endothelium-Derived Relaxing Factor; SA: Stable Angina; UA: Unstable Angina; TC: Total
Colesterol; TG: Triglycrides; ESR: Erythrocyte Sedimentation Rate; DD: Diastolic Dysfunction; 
RWMA: Resting Wall Motion Abnormality.





Introduction

Platelets play a role in the pathogenesis of atherosclerotic
complications by contributing to thrombus formation or plaque
rupture [1]. Larger platelets are hemostatically more active and
are a risk factor for developing coronary thrombosis, leading to
unstable coronary syndromes [2]. Platelet volume is a marker
of platelet activation and function, and is measured using mean
platelet volume (MPV) [2,3]. The slow coronary flow (SCF)
phenomenon is an angiographic observation characterized by
angiographically normal or near-normal coronary arteries with
delayed opacification of the distal vasculature [4].

 It has been reported that coronary endothelial dysfunction
play an important pathogenetic role in patients with SCF. However
the precise mechanisms responsible for this microvascular
endothelial dysfunction in patients with SCF are still unknown [5].

Although atherosclerosis has been considered to be
multifactorial disease in which genetic, environmental, metabolic
factors have been implicated, the gaps remain in our knowledge
of the etiopathogenesis of atherosclerosis. Inflammation plays
a role as an important pathogenic insulting factor for various
cardiovascular diseases, along with coronary heart disease.
Therefore, the neutrophil-to-lymphocyte ratio (NLR) has been
reported to effect various inflammatory diseases, including
some cardiovascular diseases [3,6]. There is mounting evidence
that inflammation plays an important role in the initiation,
development as well as evolution of atherosclerosis, suggesting
that atherosclerosis is an inflammatory disease [7,8]. Plateletto-lymphocyte
ratio (PLR) was higher in patients with CSFP, and
we also showed that PLR was significantly and independently
associated with CSFP.

In addition, a large amount of data indicated that C-reactive
protein (CRP) is a sensitive marker of underlying systemic
inflammation. CRP increases among men and women at risk for
future cardiovascular events, and the addition of CRP testing to
standard lipid screening seems to provide an improved method to
determine vascular risk [9,10]. These data, as well as accumulating
evidence that CRP may have direct inflammatory effects at the
endothelial levels. Besides, among pro-inflammatory cytokines,
interleukin-6 (IL-6) is one of the most important factors and has
multiple important effects in human pathophysiology. In previous
studies, the data showed that an enhanced production of IL-6 by
monocytes in response to CRP in patients with unstable angina
[7]. Moreover, IL-6 is a powerful stimulus for CRP production [11].
Based on those observations, Jian-Jun Li [12], hypothesis that an
inflammatory process may be associated with the development of
SCF.


Patients and Methods 

This study included thirty consecutive patients with coronary
slow flow (CSF) detected by coronary angiography via the
Thrombosis In Myocardial Infarction (TIMI) frame count and
fifteen patients with normal coronary angiography who were
attending the cardiology department of Al Hussein and Elsayed
Galal University Hospitals.

Inclusion criteria: 30 patients who did not receive any
anti-platelets or anti-dyslipidemic medications before with SCF
detected by coronary angiography via TIMI frame count method
were enrolled in this study. Patients with coronary artery diseases
(lesions<30%) are included in this study and 15 patients with
normal coronary arteries are selected for the control group.

Exclusion criteria: we excluded all Patients with
evidence of obstructive coronary artery diseases (lesions
>30%), with Valvular heart disease; Congestive heart failure;
Echocardiographically proven left ventricular hypertrophy; with
untreated thyroid disease; Sinus node dysfunction or conduction
disturbance; Estrogen replacement therapy; uncontrolled
hypertension; recent major operation, (less than 3 months) and
Patients with Coronary artery ectesia.

All patient underwent the following: Complete
history taking; Resting 12 leads ECG; CBC, fasting blood glucose
level, serum triglycerides, LDL, HDL, Mean platelet volume,
C-reactive protein (CRP), ESR, interleukin 6 (IL6), before and
after 6 months of anti-platelets, transthoracic Echocardiography,
Coronary angiography to diagnose slow coronary flow by TIMI
frame count. Coronary angiography was performed using the
standard Judkin's techniques, and the results were analyzed by
at least 2 interventional physicians according to our previous
study. Contrast used in angiography of this study is Iopromide
(Ultravist-370, and teleberex). Coronary flow rates of all subjects
were determined by TIMI frame count because this method is
simple, reproducible, objective and quantitative index of coronary
flow velocity. TIMI frame count was determined for each major
coronary artery in each patient and control subject according to
the method first described by Gibson et al. [13].

EDTA-anticoagulated peripheral blood sample were
taken after 12-h overnight t-fast at baseline (before coronary
angiography). The plasma was obtained after a centrifugation
of 3000rpm at 4 °C for 15min. The concentrations of CRP were
determined using immunoturbidometry (Beckmann Assay 360)
IL-6 was measured with a commercial assay kit (human IL-6,
ELISA kit). IL-6 measurements were performed from plasma.
The assay employs an antibody specific for human interleukin-6
coated on a 96-well plate standards, samples and biotinylated
anti-human IL-6 are pipetted into the wells and IL-6 present in
a sample is captured by the antibody immobilized to the wells
and by the biotinylated IL-6 specific detedction antibody; after
washing away unbound biotinylated antibody, HRP-conjugated
streptavidin is pippted to the wells. The wells are again washed.
Following this second step, TMB substrate solution is added to the
wells, resulting in color development proportional to the amount
of IL-6 bound. The stop solution changes the color from blue to
yellow, and the intensity of the color is measured 450nm. Blood samples were collected from the patients after a 12-hr overnight
fasting. All routine biochemical tests were carried out on an
autoanalyser, CBC, fasting blood glucose level, serum triglycrides,
LDL, HDL, Mean platelet volume.

Statistical analysis of the data: The collected data was
organized, tabulated and statistically analyzed using statistical
package of social science (SPSS) version 16 (SPSS Inc, USA).
For qualitative data, frequency and percent distribution were
calculated and for comparison between groups, chi-square (X2)
test was used. For quantitative data, mean, minimum, maximum
and standard deviation were calculated and for comparison
between two groups, the independent sample (t) test was
calculated; for comparison between more than two groups,
the one way analysis of variance (ANOVA) was calculated. For
comparison between the same groups at two different points
of time, paired samples (t) test was calculated. For correlation
between two parameters, the spearman's correlation coefficient
(r) was calculated; it was mild if r<0.3; moderate if r=0.3 and =0.7,
powerful if r>7. For interpretation of results p value =0.05 was
considered significant. 


Results

The present study included 45 subjects, 28 of them (62.2%)
were males and 17 (37.8%) were females with male to female
ratio of 1.65 and there was statistically insignificant difference
between study and control groups as regard sex distribution
(males represent 63.3% of the study group compared to 60.0%
of the control group). As regard age, it ranged from 37 to 65years
with a mean of 52.84±7.36 years and there was statistically
insignificant increase in age of control group in comparison to
study group (53.00±8.07 vs 52.76±7.12 years old respectively).
As regard risk factors, diabetes was reported in 26 cases (57.8%),
hypertension reported in 29 cases (64.4%), obesity reported in
15 cases (33.3%) and smoking reported in 21 cases (46.7%) and
there was statistically insignificant difference between patients
and control groups as regard risk factors (Table 1,Figure 1).
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Figure 1:   Comparison between patients and control groups as regard risk factors.




 Table 1:  Comparison between study and control group as regard general characteristic and risk factors.
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As regard clinical presentation it was in form of stable angina
14 cases (31.1%); atypical chest pain 14 cases (31.1%); unstable
angina 15 cases (33.3%) and non ST segment MI 2 cases (4.4%)
and there was statistically insignificant difference between
patients and control groups as regard clinical presentation.
As regard LDL, it ranged from 83 and 170mg% with a mean of
123.98±23.05 and there was statistically significant increase in
study group in comparison to control group (132.43±21.00 vs
107.07±17.24 respectively). In addition, total cholesterol ranged
between 73 and 270mg% with a mean of 189.89±36.39 and there
was statistically significant increase in study in comparison to
control group (204.13±30.28 vs 161.40±30.95 respectively). On
the other hand, there was statistically insignificant difference
between study and control groups as regard LDL and triglycerides
serum levels. As regard fasting blood sugar ranged between 70 and
157mg% with a mean of 108.1±26.98 and there was statistically
significant increase in the study in comparison to control group
(112.80±27.20 vs 98.73±24.76mg/dl respectively). As regard ESR
ranged between 7 and 45 with a mean of 20.26±9.0 and there
was statistically insignificant increase in the study in comparison
to control group (21.86±9.28 vs 17.06±7.74 respectively). On
the other hand, CRP ranged from 2.10 to 6.30 with a mean of
4.43±1.16 and there was statistically significant increase of CRP
in study group in comparison to control group (4.91±0.93 versus
3.48±1.00 respectively) (Table 2).



 Table 2:  Comparison between study and control group as regard laboratory finding.
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As regard ECG was normal in 11 cases (24.4%), flat T wave
in 2 cases (4.4%), T wave inversion in 16 cases (35.6%) and
ST depression in 16 cases (35.6%) and there was statistically
insignificant difference between study and control group as regard
ECG findings. As regard Echocardiogram was within normal range
LVEF% in 17 cases (37.8%); DD grade I in 18 cases (40.0%), DD
grade III in 6 cases (13.3%) and RWMA in 4 cases (8.9%), and
there was statistically insignificant difference between patients
group and control group as regard Echocardiogram findings. 

As regard MPV ranged between 7.30 and 15.20fl with a
mean of 11.32±2.13 with statistically significant increase in
study group in comparison to control (12.26±1.69 vs 9.44±1.64
respectively). As regard interleukin 6 it ranged between 3.40 and
1000.0pg with a mean 114.19±222.7 and there was statistically
significant increase in study group in comparison to control group
(164.29±259.71 vs 13.98±6.55 respectively) (Table 2).

This study demonstrates that there was statistically significant
decrease in MPV, CRP and IL-6 after 6 months in comparison with
their values at the start (Table 3). In addition there was statistically
significant variance between different clinical presentations as
regard LDL and HDL. On the other hand, there was statistically
insignificant variance between different clinical presentations as
regard TC and TG, fasting blood sugar and ESR (Table 4).



 Table 3:  Comparison between values at admission and after 6 months of MPV, CRP and IL 6 in the patients group.
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 Table 4:  Correlation between different clinical presentation as regard.

[image: ]







[image: ]

Figure 2:Correlation between different clinical presentation as regard.
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Figure 3:Correlation between MPV after 6 months and CRP after 6 months.
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Figure 4:  Correlation between MPV and CRP at admission.




 Table 5:  Correlation between MPV and other parameters in the patients group.
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In the present study, there was statistically insignificant
difference between different clinical presentations as regard
ECG findings or Echocardiographic finding. In addition, there
was statistically insignificant difference between different
clinical presentations as regard MPV at admission while after 6
months there was proportional (positive), statistically significant
correlation between MPV and fasting blood sugar (Figure 2). The
same correlation was found between CRP and MPV at the start
and at 6 months. The correlation between CRP after 6 months and
MPV after 6 months was powerful (Table 5), (Figure 3 & 4). Finally
there was statistically insignificant variance between different
clinical presentations as regard IL-6 at the start and at 6 months
(data not presented). 


Discussion

The aim of this study is to evaluate mean platelet volume and
some inflammatory markers in patients with slow coronary flow
(SCF) and its possible relationship with clinical presentation. In
this study interleukin-6 and C-reactive protein were increased in
patients with coronary slow flow in comparison to control group,
P value=(0.031 and 0.001 respectively), this was in agreement
with the study done by [12] which included 42 patients with
SCF detected by coronary angiography via the TIMI frame count
method and 30 control subjects with angiographically normal
coronary flow. The data showed that plasma CRP and IL-6
concentrations were higher in patients with SCF compared with
normal control subject P value=0.01.

Consistent with study done by Turhan et al. [14] to evaluate
plasma soluble adhesion molecules; intercellular adhesion
molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM1)
and E-select in as possible indicators of endothelial activation
or inflammation in patients with SCF, but with angiographically
proven normal coronary arteries in all three coronary vessels, Coronary flow rate of all patients and control subjects were
documented by TIMI frame count. The results showed that serum
ICAM-1, VCAM-1, and E-selectin concentrations of patients with
SCF were found to be significantly higher than those of control
subjects with normal coronary flow [14].

 In this study we found that mean platelet volume was
increased in patients with coronary slow flow in comparison to
control group, P value=0.001; this was in agreement with the study
done by [15] which included 50 patients with SCF and otherwise
normal coronary arteries were selected for the study group,
and 22 patients with normal coronary arteries were selected
for the control group, this study proved that MPV is increased
in patients with SCF, and SCF patients presenting with USA
exhibit significantly increased MPV values, suggesting an altered
platelet reactivity and aggregation which may require effective
anti-platelet therapy in this patient subgroup. P value=0.007.
In previous studies, increased MPV was demonstrated in acute
myocardial infarction [16] unstable angina pectoris [1] congestive
heart failure [17] and coronary artery ectasia [18].

In this study interleukin 6 and C-reactive protein were
decreased after six months of antidyslipidemic drugs (20mg
atorvastatin) in comparison to their values at the start, P
value=0.015. There was study done by [19] which proved that
alternate-day dosing of rosuvastatin could be effective comparable
with once-daily dosing of rosuvastatin in Chinese patients in
improving not only lipid profile but also inflammatory markers
(iterleukin 6 and C-reactive protein). There was another study
done by [14] which found that short-term (3-12week) treatment
with fenofibrate is an effective strategy in the management of
elevated CRP concentrations. In study done by [7] which found
that statistically significant reduction in CRP after statin treatment
in patients with coronary heart disease (CHD) or hyperlipidemia.

In this study mean platelet volume decreased after six months
of antiplatelet in comparison to their values at admission. In
this study there was no significant difference in mean platelet
volume as regard clinical presentation, this disagreement with
the study done by [15] which there was significant increase in
MPV in patients with SCF presenting with unstable angina. In this
study we found that there was no significant difference between
patients group and control group as regard clinical presentation P
value=0.34. This result was the same as the study done by Li et al.

In this study we found that no significant difference in
patient group with coronary slow flow and control group
as regard systolic function of the left ventricle measured by
conventional echocardiography, P value=0.18 but there was
significant difference in diastolic function of the left ventricle
which were significantly impaired in patients with coronary slow
flow compared to the control group by pulsed wave Doppler
P value =0.001, this was the same result of the study done by
[15] which included 22patients (12 males and 10 females) with
coronary slow flow and 22 patients(14 males and 8 females)
with normal coronary angiography as control group, which found
that no significant difference in systolic function of left ventricle
measured by conventional echocardiography between patients
group and control group, P value=0.3, but that study also found
that there was difference in systolic function of the left ventricle
measured by tissue Doppler imaging between patients group and
control group P value=0.001, this may be due to Tissue Doppler
echocardiography is less influenced by several factors such as
load condition and PW Doppler mitral inflow velocities.

Seviml et al. [15] found also that there was significant
difference in diastolic function of the left ventricle by pulsed
Doppler and tissue Doppler between patients group and control
group. In this study we found that there was no significant
difference between patients group and control group as regard
resting electrocardiogram, P value=0.23, this was different from
the study done by [20] which included 30 patients with coronary
slow flow and 30 patients with normal coronary angiography
they found that there were significant changes in resting
electrocardiogram in the form of increased P wave duration and P
wave dispersion in patients group which improved after the use of
nebivelol for about 3 months.

In this study we found that there was no significant difference
between patients group and control group as regard ESR P
value=0.092,This was in agreement with study done by [6,21]
which included 82 patients with angiographically proven normal
coronary arteries and slow coronary flow in all three coronary
vessels (45 males and 37 females, mean age 59±11 years) and 34
patients with normal coronary arteries and normal coronary flow
(19 males and 15 females, mean age 56±10 years) with similar
risk profiles they found that Hs-CRP and proBNP are significantly
higher in patients with coronary slow flow compared with normal
control group but no significant difference in ESR between
patients group and control group

As regard LDL and fasting blood glucose levels, In this study
we found that there was significant increase in patients group
in comparison to control group P value=0.001. Previous studies
[10,12,15,21] proved that There were no significant differences
between patients with coronary slow flow and control group
with normal coronary angiography as regard lipid profile, fasting
glucose levels, white blood cell and platelet counts [22-26].





Conclusion

a) Increased plasma inflammatory markers including CRP
and IL-6 existed in patients with SCF. This suggesting that an
inflammation may be a contributor for the development of
SCF. In other word, increased concentrations of inflammatory
markers in patients with SCF may be an indicator of
endothelial activation and inflammation and are likely to be
in the causal pathway involving in SCF. Despite the relative
good prognosis of patients with SCF, the chronic, frequent
nature of the persistent chest uncomfortable can significantly
impair quality of life. Therefore, an attention should be paid
to this unique phenomenon. However, whether increased inflammatory markers are related to the pathogenesis of SCF
in these patients deserved further investigation. 

b) Our findings showed also that MPV is increased in
patients with SCF, and SCF patients presenting with USA
exhibit significantly increased MPV values, suggesting an
altered platelet reactivity and aggregation which require
effective anti-platelet therapy in this patient subgroup.
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