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Introduction

Slow coronary flow (SCF) phenomenon is a coronary microvas-
cular disease diagnosed by detection of delayed dyeopacification 
in coronary arteries during an angiography in the lack of obstruc-
tive coronary artery disease. The incidence of SCF has been report-
ed to be approximately 1–7% in patients who undergo a diagnos-
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tic coronary angiography due to suspected coronary artery disease.1) 
Despite being a well-known phenomenon, the pathophysiologic 
mechanisms of SCF remain unknown. Potential mechanisms in-
volved in SCF are: small vessel and endothelial dysfunctions,2)3) in-
flammation,4)5) diffuse atherosclerosis,6) and increased platelet ag-
gregability.7)

Platelets have been shown to have an important role in the patho-
genesis of acute coronary syndrome. Some mediators involved in in-
flammatory processes and coagulatory pathways might have con-
tributed to the development of atherosclerotic and atherothrombotic 
diseases.8)9) Mean platelet volume (MPV), an index of platelet acti-
vation, has been shown to be associated with adverse cardiovascular 
outcomes.10) MPV was found to be elevated in SCF cases compared 
to normal ones.11) Platelet distribution width (PDW) is found to be 
increased during platelet activation.12) Platelet larger cell ratio (P-LCR), 
an idicator of larger platelet circulating ( >12 fL) , has also been used 
to monitor platelet activity.13)

Given the probabale pathophysiologic roles of inflammation and 
platelet dysfunction in the development of SCF, we sought to 
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determine the relationship between SCF and platelet activation using 
platelet volume indices MPV, PDW, and P-LCR.

Subjects and Methods

Study patients
In a case-control study, a total of 1650 consecutive patients who 

underwent diagnostic coronary angiography due to unstable angi-
na and/or chest discomfort without positive non-invasive tests were 
evaluated in our two university centers, including Seyyed-al-Sho-
hada Heart Center and Taleghani Hospital from April 2013 to No-
vember 2013. The local ethics committee in the Urmia University of 
Medical Sciences, West-Azerbaijan province, Iran, approved this in-
vestigation. Of evaluated participants, 50 diagnosed with SCF based 
on Thrombolysis in Myocardial Infarction frame counting (TFC) 
method were used in the case group. Based on angiographic exami-
nations, 30 participants had normal coronary flow (NCF) were con-

sidered as control group after fulfilling inclusion and exclusion cri-
teria. 

Exclusion criteria were: 1) diagnosed as coronary artery disease; 2) 
coronary artery stenosis >50% of the coronary artery diameter in 
angiographic evaluation; 3) peripheral arterial disease; 4) valvular 
heart disease; 5) thrombocytopenia; 6) hematologic diseases; 7) he-
patic diseases; 8) chronic inflammatory disease; 9) malignancies; 10) 
infectious disease; 11) autoimmune disease; 12) anemia; 13) renal 
failure; and 14) thyroid diseases.

Angiographic examination
All patients underwent coronary angiographic examination through 

femoral artery using Judkins’ method (Siemens, Forcheim, Germany). 
The contrast media of iodixanol (GE Healthcare, Cork, Ireland) was 
used in all cases. A single catheter size was used in this cohort. Two 
cardiologists who were blinded to the patients’ condition and clini-
cal features evaluated all angiograms to identify SCF using TFC 

Table 1. Baseline clinical and laboratory features of studied patients

Total (n=80) SCF (n=50) NCF (n=30) p*

Gender (n, %) 0.325

 Male 43 (53.8) 29 (58) 14 (46.7)

 Female 37 (46.2) 21 (42) 16 (53.3)

Age (years) 54.8±11.1 54.5±11 55.3±11.3 0.757

BMI (kg/m2) 26.7±4.4 27±4.4 26.2±4.5 0.448

Hypertension (n, %) 35 (43.8) 19 (38) 16 (53.3) 0.181

Smoking (n, %) 20 (25) 14 (28) 6 (20) 0.424

Diabetes mellitus (n, %) 14 (17.5) 12 (24) 2 (6.7) 0.048

Dyslipidemia (n, %) 32 (40) 25 (50) 7 (23.3) 0.018

TFC (frame)

 LAD 33.6±14.2 43.1±8.3 17.8±4.2 <0.001

 Corrected LAD 19.8±8.3 25.3±4.8 10.5±2.5 <0.001

 RCA 19.3±8.9 24.3±7.3 10.8±2.4 <0.001

 LCX 21.8±8.9 27.3±6.0 12.5±3.2 <0.001

 Mean TFC 24.7±9.7 31.5±5.1 13.7±2.6 <0.001

Laboratories

 WBC (103/µL) 6.4±2.2 6.3±2.1 6.5±2.4 0.933

 Hemoglobin (g/dL) 13.5±1.4 13.7±1.3 13.1±1.4 0.082

 MCV (fL) 88.5±5.2 89±5.6 87.8±4.6 0.337

 RDW (%) 13±1.0 13.1±1.1 13.1±1.0 0.903

 Platelet (×109/L) 208.6±47.9 211.3±51.5 204±41.6 0.513

 MPV (fL) 10.5±1.1 10.8±1.2 10.1±0.9 0.005

 PDW (fL) 14±2.1 14.5±2.2 13.2±1.8 0.007

 P-LCR (%) 29.1±7.8 30.5±8.1 26.8±6.8 0.039

Values are presented as mean±standard deviation and number (percentage). *p were calculated using t-test or Mann-Whitney U teat as appropriate. SCF: 
slow coronary flow, NCF: normal coronary flow, BMI: body mass index, TFC: Thrombolysis in Myocardial Infarction frame counting, LAD: left anterior de-
scending, RCA: right coronary artery, LCX: left circumflex, WBC: white blood cell count, MCV: mean corpuscular volume, RDW: red cell width distribution, 
MPV: mean platelet volume, PDW: platelet distribution width, P-LCR: platelet larger cell ratio
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method.14) The numbers of angiographic frames were recorded at 30 
frames per second. The coronary flow was calculated as reaching 
contrast media to the defined distal part of coronary arteries. The 
end distal parts in the left anterior descending (LAD) and left cir-
cumflex (LCX) arteries were distal bifurcation points. The right cor-
onary artery (RCA) was the first posterolateral branch point. The 
calculated frame counting for LAD artery was divided by 1.7 based 
on the predefined criteria.14) According to Gibson et al.14) the cut-
off values for detecting SCF were ≥36.2±2.6, ≥20.4±3, and ≥22.2± 
4.1 frames for LAD, RCA, and LCX arteries, respectively. In addition, 
mean TFC was calculated as the mean of three measured TFCs.

Laboratory examination
All blood samples were provided through vein puncture before 

undergoing angiography. Blood were collected into tubes contain-
ing ethylenediaminetetraacetic acid. Blood were analyzed 20–30 
minutes after sampling. Automated cell count analyzer (Sysmex, 
Kobe, Japan) was used to measure complete blood count.

Statistical analysis
Continuous variables were analyzed using t-test, one-way analy-

sis of variance or Mann Whitney U test as appropriate based on 
the variables’ distribution normality. Tukey’s post hoc test was used 
to compare paired groups. Categorical variables were analyzed us-
ing chi-squared test. Pearson correlation coefficient was used to 
identify associations between two continuous variables. Receiver 
operating characteristic curve was constructed to detect the accu-
racy of platelet volume indices to differentiate SCF from NCF. Lin-
ear regression analysis was used to detect the predictors of mean 
TFC. Multivariate logistic regression analysis and backward step-
wise were conducted to determine the predictors of SCF among our 
studied cohort. In this analysis, demographics and laboratories were 
entered into the model as covariates, and the status of SCF was con-
sidered as a dependent variable. All analyses were performed using 
Statistical Package for the Social Sciences (SPSS) version of 18.0 

(SPSS Inc., Chicago, IL, USA). A p of <0.05 was considered statistically 
significant.

Results

Baseline clinical characteristics of patients were summarized in 
Table 1. A total of 50 patients with SCF and 30 patients with NCF 
were studied. The mean of age was 54.8±11.1 years, with 53.8% 
male. Based on the baseline characteristics, patients with SCF were 
more likely to have diabetes and hypertension than NCF (24% vs. 
6.7%, p=0.048 and 50% vs. 23.3%, p=0.018, respectively). The plate-
let volume indices MPV (p=0.005), PDW (p=0.007), and P-LCR (p= 
0.039) were significantly higher in the SCF group compared to those 
in the NCF group (Table 1).

Based on correlation analysis, positive and significant correlations 
existed between the platelet volume indices and the TFC values in 
three coronary arteries except between P-LCR and LAD and LCX ar-
teries (Table 2). When comparing the differences of platelet volume 

Table 2. Correlation between the three coronary arteries TFC and platelet 
volume indices

Mean TFC LAD TFC RCA TFC LCX TFC

MPV

r 0.295 0.297 0.284 0.247

p 0.008 0.007 0.011 0.027

PDW

r 0.306 0.291 0.286 0.294

p 0.006 0.009 0.010 0.008

P-LCR

r 0.222 0.210 0.253 0.196

p 0.049 0.061 0.024 0.082

TFC: Thrombolysis in Myocardial Infarction frame counting, LAD: left anteri-
or descending, RCA: right coronary artery, LCX: left circumflex, MPV: mean 
platelet volume, PDW: platelet distribution width, P-LCR: platelet larger cell 
ratio

Fig. 1. Relationship between platelet volume indices MPV (A), PDW (B), P-LCR (C), and the extent of SCF. MPV: mean platelet volume, PDW: platelet distri-
bution width, P-LCR: platelet larger cell ratio, SCF: slow coronary flow.
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indices and the extent of SCF, the amounts of MPV, PDW, and P-LCR 
were significantly higher in patients with three SCF arteries com-
pared to those of patients without SCF (p=0.004, p=0.005, and p= 
0.014, respectively). In addition, PDW was significantly (p=0.026) 
higher in patients with two SCF arteries compared with patients 
without SCF (Fig. 1). Receiver operating characteristic curve analy-
sis showed that the best cut-off values of MPV, PDW, and P-LCR to 
distinguish SCF from NCF were 10.4 fL, 13.9 fL, and 28%, respective-
ly (Fig. 2). Accordingly, MPV had significantly higher amount of area 
under the curve (AUC) (AUC=0.669, p=0.012).

All variables whose p were significant (p<0.05) based on bivari-
ate analysis were entered into the linear regression analysis. Accord-
ing to this model, MPV {β=32.393, 95% confidence interval (CI) 
0.678–11.048, p=0.027}, PDW (β=0.428, 95% CI 0.060–3.924, p= 
0.043), and P-LCR (β=-0.771, 95% CI -1.917 – -0.117, p=0.027) were 
independent predictors of mean TFC (Table 3). Results of multivari-
ate analysis were summarized in the Table 4. According to this mod-
el, MPV {odds ratio (OR)=32.393, 95% CI=1.189–882.606, p=0.039} 
and P-LCR (OR=0.566, 95% CI=0.330–0.937, p=0.028) were inde-
pendent predictors of SCF among all variables measured in this 
study. 

Discussion

In this study, for the first time, we showed that the platelet vol-

ume indices MPV, PDW, and P-LCR were significantly higher in the 
patients with SCF compared to those in the NCF group. In addition, 
their elevated values were associated with the extent of SCF. There 
were positive correlations between platelet volume indices and the 
TFC measured for three coronary arteries. Furthermore, MPV, PDW, 
and P-LCR were found to be the independent predictors of mean 
TFC.

Platelets are important blood cells that participate in the pro-
cesses of atherothrombotic events, coagulation, and inflammation.8) 
MPV, PDW, and P-LCR are indicators of platelet size, volume, and 
activation. Elevated MPV value has been shown to be involved in 
the pathogenesis of atherosclerosis and thrombogenesis.15) Gökçe 
et al.7) have deomonastrated that platelet aggregability induced by 
ristocetin, collagen, and adenosine diphosphate was significantly 
higher in patients with SCF compared to that of NCF, indicating the 
potential of platelet in SCF pathogenesis. In a case-control study, 
Celik et al.11) have demonstrated that increased MPV and plasma 
sP-selectin values are higher in SCF patients compared to those of 
NCF ones, with positive correlations between MPV values and the 
TFC of coronary artery. They concluded that the increased platelet 
activity existed in SCF might be a pathogenesis for SCF develop-
ment. Elsherbiny et al.16) have shown that MPV is higher in SCF com-
pared to NCF. Nurkelam et al.17) have reported that SCF cases with 
unstable angina has higher MPV compared to SCF ones with stable 
coronary artery disease and NCF cases. Other studies have also 
confirmed that elevated MPV is associated with the presence of 
SCF.18)19) Furthermore, it has been shown that MPV correlated with 
the extent of SCF.19) In consistent with those research findings, our 
results also reveald that MPV was significantly higher in SCF compar-
ed to NCF cases. Our results also revealed that MPV was associated 

Table 3. Linear regression analysis to identify the predictors of mean TCF

β 95% CI p

MPV 0.669 0.678–11.048 0.027

PDW 0.428 0.060–3.924 0.043

P-LCR -0.771 -1.917– -0.117 0.027

TFC: Thrombolysis in Myocardial Infarction frame counting, CI: confidence 
interval, MPV: mean platelet volume, PDW: platelet distribution width, P-
LCR: platelet larger cell ratio

Table 4. Multivariate analysis showing the independent predictors of SCF

OR 95% CI p*

Dyslipidemia 0.355 0.115–1.098 0.072

MPV 2.096 0.967–4.544 0.061

PDW 32.393 1.189–882.606 0.039

P-LCR 0.556 0.330–0.937 0.028

*All p are related to the last step of backward stepwise logistic regression 
analysis. OR: odds ratio, CI: confidence interval, MPV: mean platelet vol-
ume, PDW: platelet distribution width, P-LCR: platelet larger cell ratio

Fig. 2. Receiver operating characteristics curve analysis to detect the best 
cut-off values of platelet volume indices for differentiation between nor-
mal and slow coronary flows. AUC: area under the curve, CI: confidence in-
terval, Sn: sensitivity, Sp: specificity, MPV: mean platelet volume, PDW: 
platelet distribution width, P-LCR: platelet larger cell ratio.
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with mean TFC of three coronary arteries. In addition, for the first 
time, we found that PDW and P-LCR were also higher in SCF.

Inflammation is another pathophysiologic mechanism involved 
in SCF. Li et al.4) found that C-reactive protein (CRP) and interlukin-6 
were higher in SCF patients and that SCF was was correlated with 
mean TFC. In additon, some adhesion molecules, including intercel-
lular adhesion molecule-1, vascular cell adhesion molecule-1, and E-
selectin as markers of endothelial activation or inflammation were 
reported to be significantly higher in patients diagnosed with SCF.5) 
Given the probable role of inflammation in the SCF pathogenesis, 
some clinical trials have been conducted. Albayrak et al.20) have 
demonstrated that Nebivolol reduced CRP level and controlled the 
chest pain of patients with SCF. The impact of simvastatin on im-
proving myocardial perfusion in SCF is another evidence to support 
the role of inflammatory processes in the SCF development.6) In ad-
dition, platelets involve in inflammatory pathways through releasing 
mediators, and larger ones contain more mediators and activity. 
Considering the results of this study and those other studies dem-
onstrating increased platelet indices in SCF patients, further clini-
cal trials are needed to illustrate the effects of anti-platelet and anti-
inflammatory agents on SCF and to prove the relationship between 
platelet-related disorders and SCF pathogenesis.

In order for recurrent chest pain to be controlled, some drugs such 
as beta-blockers, nitrates, and statins have been used. However, no 
proper impact of these agents have been demonstrated. In this 
study, we did not focus on any specific drug effect on SCF. Howev-
er, due to the above mentioned pathophysiologic mechanisms of 
SCF, including inflammation, thrombogeneity, and atherosclerosis, 
and due to the relationship between increased platelet volume in-
dices and SCF, it may be of great benefit to prescribe anti-platelet 
and anti-inflammatory agents to reduce platelet volume indices. 
Beside the therapeutic use of these markers, they could be used 
for risk staritification of SCF cases.

Based on our findings, it can be proposed that increased platelet 
volume indices MPV, PDW, and P-LCR are inexpensive and widely 
available tests associated with SCF and that they might be involved 
in the pathophisiology of SCF. Considering the fact that platelet 
volume indices were indicators of platelet activation and consequent 
inflammatory processes, we suggest that increased MPV, PDW, and 
P-LCR could be indicators of platelet dysfunction and inflammation 
in patients diagnosed with SCF. Therefore, platelet volume indices 
MPV, PDW, and P-LCR could be considered for monitoring drug effi-
cacy and risk stratification of such cases.

Study limitaions
Some limitations existed in the present study based on its design. 

Firstly, the small sample size and the lack of some variables, includ-

ing lipid profile tests and familial history of cardiovascular disease, 
were the main limitation of this study. Secondly, we did not measure 
other inflammation and platelet function markers such as CRP, 
which could provide more information regrding the pathophysilogic 
mechanisms involved in SCF. Finally, because we chose the partici-
pants consecutively based on the inclusion and exclusion criteria, 
selection bias may have occurred during patients enrollment.

Conclusions
Platelet volume indices MPV, PDW, and P-LCR were significantly 

higher in SCF patients compared to those in NCF. The increases of 
platelet volume indices MPV, PDW, and P-LCR were associated with 
the extent of SCF. Moreover, MPV, PDW, and P-LCR were found to 
be indipendent predictors of mean TFC.
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