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Abstract. – BACKGROUND: Platelets are im-
portant in the pathogenesis of atherosclerotic
complications. Higher mean platelet volume
(MPV) levels are related to greater in vitro aggre-
gation, and have been identified as an indepen-
dent risk factor for myocardial infarction, and for
death or recurrent vascular events.

AIM: To determine the relationship between
MPV and the coronary collateral circulation.

METHODS: The sample consisted of 96 pa-
tients with coronary artery disease, and patients
were separated into two groups according to
their poorly developed or well-developed collat-
eral circulation. Coronary collateral vessels were
analyzed according to the Cohen and Rentrop
grading system of 0-3.

RESULTS: All analyses were conducted using
SPSS 11.5 (SPSS for Windows 11.5, Chicago, IL,
USA). Continuous variables were expressed as
mean ± SD, and categorical variables were ex-
pressed as percentages. Comparison of categor-
ical and continuous variables between the group
with well-developed coronary collateral vessels
and the group with poorly developed vessels
was performed using the chi-squared test and
independent samples t-test, respectively. Platelet
count and MPV values were similar between the
two groups.

CONCLUSIONS: Our study found that MPV
levels are not related to coronary collateral cir-
culation.

Key Words:
Angina pectoris, Platelet activation, Coronary circu-

lation.

Introduction

Platelets are important in the pathogenesis of
atherosclerotic complications, as they initiate
thrombus development after plaque rupture1.
Mean platelet volume (MPV) is known as an in-
direct marker of platelet reactivity. Wide platelets
include more dense granules and produce more
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thromboxane A2, both of which are associated
with increased thrombocyte aggregation. Higher
MPV levels are related to greater in vitro aggre-
gation in response to adenosine diphosphate and
collagen, and have been identified as an indepen-
dent risk factor for myocardial infarction (MI) in
patients with coronary heart disease, and for
death or recurrent vascular events after MI2-4.

Coronary collateral vessels are of clinical sig-
nificance, as they potentially limit the severity of
MI5. Important differences in the degree of col-
lateral vessel development are known even with
similar patterns of coronary disease6, although
chronic imbalances of myocardial oxygen sup-
ply and demand produced by coronary artery
stenosis or occlusion have been shown to induce
growth of the coronary collateral circulation7. In
this context, studies have been conducted to ex-
plain the complex mechanism(s) of collateral
circulation development. These investigations
have illuminated the significant influence of var-
ious factors and disease states on collateral cir-
culation development, including the influence of
coronary stenosis severity6; diabetes mellitus8;
MI history and clinical presentation with stable
angina pectoris, and use of drugs9,10; and coro-
nary vasomotor tone11. Several serum markers
have also been reported as showing an associa-
tion with the degree of collateral circulation de-
velopments. Some of these markers include
high-sensitivity C-reactive protein12, lipopro-
tein(a)13, adhesion molecules such as vascular
adhesion molecule-114, tumor necrosis factor-α15,
and total antioxidant capacity16. 

To our knowledge, no published data detail the
relationship between MPV and coronary collateral
flow. This study assesses whether a high level for
MPV is associated with the extent of coronary col-
lateral vessels visible during angiography per-
formed in patients with coronary artery disease.
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Methods 

Study Population
The local Ethics Committee approved the study,

and all patients gave informed consent. Of the pa-
tients who presented to the outpatient clinic with
stable angina pectoris or acute coronary syndrome
and had undergone coronary angiography, those
with at least one coronary stenosis (with ≥50%
blockage) were enrolled in the study in a prospec-
tive manner. The degree of coronary artery stenosis
was determined visually. Patients with chronic kid-
ney disease (serum creatinine >1.4 mg/dl), chronic
obstructive pulmonary disease (COPD), active ma-
lignancy, oxygen saturation of less than 92%, or
who had undergone a previous coronary artery by-
pass graft operation were excluded from the study.

After exclusions, the study population consisted
of 96 patients. Baseline characteristics including
presence of hypertension, diabetes mellitus, and
body mass index (BMI) were recorded. The pres-
ence of hypertension was defined as the active use
of antihypertensive drugs or documentation of
blood pressure greater than 140/90 mmHg. Dia-
betes mellitus was defined as fasting glucose level
greater than 126 mg/dl or glucose level greater than
200 mg/dl at 2th h after 75 g oral glucose load, or
as active use of antidiabetic drugs or insulin.

Biochemical Measurements 
Blood samples were drawn at admission in pa-

tients undergoing elective (following a fasting pe-
riod of 12 hours) or urgent coronary angiography.
Platelet count was determined by standard meth-
ods. We measured MPV in a blood sample col-
lected in tripotassium ethylene diamine tetraacetic
acid (EDTA) (7.2 mg) tubes. These blood sam-
ples were analyzed within 2 hours of venipunc-
ture with an automatic blood counter a Sysmex
XE-2100 (TOA Medical Electronics, Kobe,
Japan)  used for whole blood analysis. The ex-
pected values for MPV in our laboratory ranged
from 7.0 to 11.0 fl. The analytic coefficient of
variation for MPV ranged from 2.2 to 1.1%. 

Evaluation of Coronary Angiography
and Collateral Scoring

Coronary angiography was performed through
the femoral artery using the Judkins technique. Two
experienced cardiologists who were blinded to pa-
tient characteristics reviewed the angiograms and
graded the extent of the coronary collateral vessels.
Significant coronary narrowing was defined as
stenosis >70% in at least one main branch of the

coronary arteries. Coronary collateral vessels were
analyzed according to the Cohen and Rentrop grad-
ing system of 0-3: 0=no filling of any collateral ves-
sel; 1=filling of the side branches of the artery to be
perfused by collateral vessels without visualization
of the epicardial segment; 2=partial filling of the
distal epicardial segment by collateral vessels; and
3=complete filling of the distal epicardial segment
by collateral vessels17. The study population was di-
vided into two groups according to the Rentrop col-
lateral score: patients with poorly developed collat-
eral circulation (Rentrop score 0-1), and patients
with well-developed collateral circulation (Rentrop
score 2-3).

Statistical Analysis
All analyses were conducted using SPSS 11.5

(SPSS for Windows 11.5, Chicago, IL, USA).
Continuous variables were expressed as mean ±
SD, and categorical variables were expressed as
percentages. Comparison of categorical and con-
tinuous variables between the group with well-
developed coronary collateral vessels and the
group with poorly developed vessels was per-
formed using the chi-squared test and indepen-
dent samples t-test, respectively. 

Results 

We found no significant differences with respect
to gender, age, presence of hypertension, diabetes
mellitus, or BMI in the two groups. Additionally,
no significant differences were found in the number
of diseased vessels and in the presence of acute
coronary syndrome. Platelet count and MPV values
were similar between the two groups (Table I).

Discussion 

Coronary collateral vessels are the remnants of
the embryonic arterial system and develop under
various conditions. In patients with normal or mild
coronary artery disease, coronary collateral ves-
sels cannot be visualized with coronary angiogra-
phy; rather, coronary arteries must have a signifi-
cant degree of stenosis for the collateral vessels to
be visible18. The most important stimulating factor
in the development of coronary collateral vessels
is the pressure gradient between the normal and
stenotic areas of the arteries19. This pressure gradi-
ent causes the opening of coronary collateral ves-
sels by increasing the rate of blood flow in collat-
eral circulation, the activation of endothelial cells,
and the stimulation of growth factors20-21. 
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gradually declines to a normal level after MI, and
persistent high MPV levels are associated with
myocardial infarction-related complications27. 

In a study that compared MPV values for two
groups of patients in whom coronary angiogra-
phy had been performed, these values were not
significantly different between patients without
coronary artery disease and patients with one or
two stenotic coronary arteries28. Another report
found no significant difference in MPV values
between patients with and without risk factors
for coronary artery29-30. Additionally, Luca et al31

conducted a large prospective study that showed
no association between MPV and either the ex-
tent of coronary artery disease or median thick-
ness of the carotid intima. These researchers note
that these data are supported by the absence of
any relationship between platelet aggregations,
resistance to aspirin, and MPV. 

Potential limitations of the present study include
the relatively small sample size and the cross-sec-
tional study design. Collateral vessels shown on
angiograms are only part of the total collateral cir-
culation. Finally, as collateral vessels less than 200
mm in diameter cannot be evaluated32. Future stud-
ies should be performed at the microvessel level.

In conclusion MPV levels are not related to
coronary collateral circulation. 
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Platelets play a crucial role in the pathogenesis of
atherosclerotic complications, as they contribute to
thrombus formation1. MPV is a marker of platelet
function; that is, large platelets contain more dense
granules and produce more thromboxane A2.
Higher MPV levels have been identified not only
as an independent risk factor for MI in patients
with coronary heart disease, but also for death or
recurrent vascular events after MI4,22. The aim of
this study was to investigate whether there is an as-
sociation between MPV and coronary collateral
circulation. However, we found no significant dif-
ferences in platelet count and MPV values between
groups with well-developed and poorly developed
collateral vessels. 

In previous studies, increased platelet volume
was shown to be associated with increases in DNA
concentration in the nucleus of the megakary-
ocyte23,24. This increase results in the decrease in
the number of platelets in the circulation and leads
ultimately to the increased MPV in acute coronary
syndrome. Platelets produced in the bone marrow
quickly are of greater size; they are not consumed
in the circulation as readily and, therefore, may in-
crease MPV levels. Patients with thrombocytope-
nia (resulting from platelet loss or consumption)
have higher MPV levels than do patients with mar-
row failure. The cause of increase is thought to be
the consumption of platelets25.

Studies have shown that platelet volume re-
turned to normal within days following the in-
crease in platelet volume after acute ischemic
events. Deniz et al26 concluded that a high MPV
in patients with ischemic stroke returns to a nor-
mal level after a certain period of time; persistent
MPV elevation in these patients is associated
with a poor prognosis. Similarly, increased MPV

Well-developed collateral Poorly developed collateral
group (n: 37) group (n: 59) p

Age (years) 65 ± 13 61 ± 17 NS
Gender (M/F) 25/12 41/18 NS
BMI (kg/m2) 24.5 ± 3.4 23.7 ± 3.8 NS
HT (n) 12 18 NS
DM (n) 7 10 NS
The number of diseased vessels 2.4 ±0.4 2.3 ± 0.6 NS
The presence of acute coronary 12 19 NS
syndrome (n)
MPV (fl) 8.07 ± 1 8.06 ± 1.1 NS
Platelet count (106/ml) 266 ± 71 250 ± 59 NS

Table I. General characteristics and MPV values of patients.

(M: Male, F: Female, BMI: Body mass index, HT: Hypertension, DM: Diabetes mellitus, MPV: Mean platelet volume).
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