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Platelet Volume is Increased in Patients
with Slow Coronary Flow

Trombosit Hacmi Yavas Koroner Akimli
Hastalarda Artmigtir

ABSTRACT Objective: Slow coronary flow (SCF) is characterized by delayed opacification of co-
ronary vessels in a normal coronary angiogram. Although clinical and pathological features have be-
en previously described, the underlying pathophysiology has not been fully understood. The platelet
function disorders have been suggested to play a role in the pathogenesis of SCF. The aim of this
study was to assess the mean platelet volume (MPV), an indicator of platelet activation in patients
with SCF. Material and Methods: The study group consisted of 35 patients with SCF. An age and
gender matched control group was composed of 35 healthy volunteers. We measured serum MPV
values in patients and control subjects. Results: The thrombolysis in myocardial infarction (TIMI)
frame count for all the epicardial coronary arteries and the mean TIMI frame count were signifi-
cantly higher in the SCF group than control group. MPV was significantly higher among patients
with SCF when compared with control group (8.6 + 0.9 vs. 8.1 + 0.5 fl respectively; p= 0.004). The
only univariate predictor of SCF was MPV (p= 0.007; OR, 2.58; CI, 1.29 to 5.15). The only multi-
variate predictor of SCF was MPV (p=0.01 ; OR, 2.43; CI, 1.20 to 4.87). Conclusion: We have shown
that MPV was significantly elevated in patients with SCF compared to control subjects.

Key Words: Platelet activation; coronary circulation

OZET Amag: Yavas koroner akim (YKA) normal koroner anjiyografide koroner damarlarin gecik-
mis boyanmasidir. Her ne kadar klinik ve patolojik 6zellikleri daha 6nce tanimlansa da altta yatan
patofizyoloji kesin olarak anlagilamamistir. Trombosit fonksiyon bozukluklarinin YKA nin patoje-
nezinde rol oynadig: sanilmaktadir. Bu ¢alismanin amaci1 YKA’l1 hastalarda trombosit aktivasyo-
nun bir gostergesi olan ortalama trombosit hacmi’'ni (OTH) degerlendirmekti. Gereg ve Yontemler:
Caligma grubu YKA’l1 35 hastadan olustu. Yas ve cinsiyet esitlenmis 35 saglikli birey kontrol gru-
bunu olusturdu. Hasta ve kontrol grubunda OTH degerleri 6lgiildii. Bulgular: Biitiin koroner damar-
larin “Thrombolysis in Myocardial Infarction” (TIMI) kare sayilar1 ve TIMI kare sayis1 ortalamasi
YKA'’ I1 hastalarda kontrollere gore anlamli derecede yiiksek bulundu. OTH YKA’l1 hastalarda kon-
trol grubundan anlaml derecede yiiksekti (8.6 + 0.9 ve 8.1 + 0.5 fl; sirayla; p= 0.004). YKA’nin tek
tinivariyat belirteci OTH idi (p= 0.007; OR, 2.58; GA, 1.29-5.15). YKA’nin tek multivaryat belirteci
OTH idi (p= 0.01; OR, 2.43; GA, 1.20-4.87). Sonug: Biz bu ¢alismada, YKA’l1 hastalarda OTH’ nin
kontrol grubuyla kargilastirildiginda anlamli olarak artmis oldugunu gosterdik.

Anahtar Kelimeler: Trombosit aktivasyonu; koroner dolagim
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low coronary flow (SCF) is an angiographic finding characterized by
slow antegrade progression of contrast agent to the distal branch of a
coronary artery in the absence of obstructive coronary artery disease.
Several mechanisms have been proposed for the etiology of SCF, including
microvascular and endothelial dysfunction, small-vessel disease, diffuse at-
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herosclerosis and inflamation.! Its etiopathogene-
sis is not still clear. The importance of SCF pheno-
menon results from its association with angina
pectoris, acute myocardial infarction, hypertensi-
on and sudden cardiac death.®

Platelets have an important role in the patho-
physiology of cardiovascular diseases.” Mean plate-
let volume (MPV) is a simple and easy method of
assessing platelet function.® In comparison to
smaller ones, larger platelets have more granules,
aggregate more rapidly with collagen, have higher
thromboxane A2 level and express more glycopro-
tein Ib and IIb/IIla receptors.'”'? Therefore larger
platelets have higher thrombotic potential.

In previous studies, increased platelet activati-
on'®!* and increased MPV'#1¢ have been reported
in patients with SCF. In this study, we aimed to in-
vestigate MPV values prospectively in patients
with SCF.

I MATERIAL AND METHODS

The study group consisted of 35 patients with SCF
(19 females, 16 males, mean age 51.8 + 8.7 years).
An age and gender matched control group was
composed of 35 healthy volunteers (18 females, 17
males with a mean age 51.0 + 10.1 years). The indi-
cation for coronary angiography was either the
presence of typical angina or positive or equivocal
results of noninvasive screening tests for myocar-
dial ischemia in both of the group. The control sub-
jects were selected in a consecutive manner from
the catheterized patients during the same study pe-
riod and who proved to have normal coronary an-
giograms. Hypertension was considered to be
present if the systolic pressure was >140 mmHg
and/or diastolic pressure was >90 mmHg or if the
individual was taking antihypertensive medicati-
ons. Diabetes mellitus was defined as a fasting blo-
od glucose level >126 mg/dl or current use of a diet
or medication to lower blood glucose. Patients who
were smoking before hospitalization were accep-
ted as smokers

Exclusion criteria were coronary artery disea-
se, prior myocardial infarction, valvular heart di-
sease, heart failure, peripheral vascular disease,
coronary artery ectasia, diabetes mellitus, hyper-
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tension, renal and hepatic dysfunction, hematolo-
gical disorders, history of malignancy, acute or
chronic infection and stroke. None of the subjects
were on antihypertensive and antiaggregation the-
rapy including aspirin. There is only one patient
using statin in patients group. The study was ap-
proved by the institutional ethics committee, and
informed consent was obtained from all pati-
ents.

CORONARY ANGIOGRAPHY

Coronary angiography was routinely performed
without the use of nitroglycerin. Selective coronary
angiography was performed by means of the Jud-
kins technique in multiple projections. We used io-
hexol (Omnipaque) as contrast agent during
coronary angiography in all patients and control
subjects. Coronary blood flow was measured quan-
titatively using the thrombolysis in myocardial in-
farction (TIMI) frame count which was derived
from the number of cine-frames recorded from the
first entrance of contrast to its arrival at the distal
end of either the left anterior descending artery
(LAD), circumflex artery (Cx), or right coronary ar-
tery (RCA). The last frames used for the LAD, Cx,
and RCA were those in which the dye first ente-
red the mustache segment, distal bifurcation seg-
ment, and first branch of the posterolateral artery,
respectively. The TIMI frame count of the LAD ar-
tery 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, CFX and RCA and
then dividing the obtained value into three. Coro-
nary angiograms and TIMI frame counting were
analysed by two blinded interventional cardiolo-
gists without knowledge of the clinical status and
laboratory measurements of the subjects.

BLOOD SAMPLING

Blood samples were drawn from the antecubital ve-
in by careful vein puncture in a 21 G sterile syrin-
ge without stasis at 08.00-10.00 AM after a fasting
period of 12 h. Glucose, creatinine, and lipid profi-
les were determined by standard methods. MPV
was measured in a blood sample collected in dipo-
tassium EDTA tubes. An automatic blood counter
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(Beckman Coulter) was used for whole blood co-
unts. MPV was measured within an hour after sam-

pling.
STATISTICAL ANALYSIS

Data were analyzed with the SPSS software versi-
on 10.0 for Windows. Continuous variables from
the study groups were reported as mean + 1 stan-
dard deviation, categorical variables as percentages.
To compare continuous variables, the Student t-test
or Mann-Whitney U test were used where appro-
priate. Categorical variables were compared with
the chi-squared test. Statistical significance was de-
fined as p< 0.05. Demographic characteristics, cli-
nical and angiographic profile were evaluated in a
univariate analysis, and those with p< 0.15 (BMI
and MPV) were then entered into a Multivariate
logistic regression analysis. Strength of association
between variables and occurrence of SCF was rep-
resented by odds ratios (ORs) and their accompan-
ying 95% confidence intervals (Cls).

I RESULTS

Clinical and laboratory characteristics of the pati-
ents with SCF and control group are presented in
Table 1. There were no statistically significant dif-
ferences between the two groups with respect to
age, gender, systolic and diastolic blood pressures
and levels of glucose, creatinine, total cholesterol,
triglyceride, low-density lipoprotein (LDL) choles-
terol, high density lipoprotein (HDL) cholesterol,
hemoglobin, white blood cell and platelet count.
The TIMI frame count for all the epicardial coro-
nary arteries and the mean TIMI frame count we-
re significantly higher in the SCF group than
control group. MPV was significantly higher
among patients with SCF when compared with
control group (8.6 £ 0.9 vs. 8.1 + 0.5 fl respectively;
p=0.004). The only univariate predictor of SCF was
MPV (p= 0.007; OR, 2.58; CI, 1.29 to 5.15). The
only multivariate predictor of SCF was MPV (p=
0.01; OR, 2.43; CI, 1.20 to 4.87).

I DISCUSSION

In this study, we found that MPV was signifi-
cantly higher in patients with SCF compared to
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TABLE 1: Comparison of the clinical and laboratory
characteristics of the slow coronary flow (SCF)
and the control groups.
SCF Control
(n=35) (n=35) P value

Age {years) 51.8+87 51.0+10.1 0.06
Sex (M/F) 16/19 17/18 0.75
Smoking (%) 6(17%) 7(20%) 0.75
BMI (kg/m?) 27.7+3.1 26.6 +2.7 0.13
SBP (mmHg) 1216+73 1208+106  0.71
DBP (mmHg) 758+8.2 757+98 0.96
Heart rate {beats/min) 735+3.8 722+43 0.17
Glucase (mg/dl) 97.2+8.0 933+11.8 0.11
Creatinin {mg/dl) 091015  0.87+0.17 0.36
Total cholesterol (mg/dl) 190.1+£29.2 187.9+483 0.82
Triglycerides (mg/dl) 139.7+56.4 12141527 0.16
LDL-cholesterol (mg/dl) 111.0+270 1122+36.7 0.87
HDL-cholesterol {mg/dl) 493+143  49.9+129 0.85
Hemoglobin (g/dl) 142+13 143+13 0.75
WBC {x103 mg/dl) 75+21 77+£1.9 0.72
Platelet count (x109) 259.6+591 2632+943 084
MPV (fl) 8.6+09 81+05 0.004
TIMI frame count

LADc 33.0+8.1 16.0£45  <0.001

Cx 27.9+104 17.8+7.3 0.006

RCA 20.7£4.9 156.3+6.2 0.006

Mean 276 +6.1 16.2+ 5.1 <0.001

M/F: male to female, BMI: body mass index, SBP: systolic blood pressure, DBP: dias-
tolic blood pressure, LDL-cholesterol: low density lipoprotein cholesterol, HDL-choles-
terol: high density lipoprotein cholesterol, WBC: white blood cells, MPV: mean platelet
volume. TIMI: Thrombolysis in Myocardial Infarction, c: Corrected TIMI frame count, P
value is for comparison between control and study population.

control subjects. Several mechanisms have been
proposed for the etiology of SCF, including occ-
lusion of small vessels, increased microvascular
resistance, and diffuse atherosclerosis.!* However,
the exact underlying pathophysiological mecha-
nisms as well as the clinical importance of this an-
giographic phenomenon are not fully understood
at present.

In previous studies, the platelet function disor-
ders have been suggested to play a role in the pat-
hogenesis of SCF.'*!* Gokce et al. found that the
ratio of platelet aggregability was significantly hig-
her in the patients with SCF than that in the con-
trol subjects, suggesting that platelet function
disorder may play a role in the pathogenesis in
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SCF.B Celik et al found that MPV and sP-selectin
levels of the patients with SCF were significantly
higher compared to those of the subjects with nor-
mal coronary flow." Increased MPV have been re-
ported in patients with SCF also in some other

studies.!>!®

The determination of platelet size, usually via
quantification of MPV is a simple and easy method
of accurately assessing platelet function. Platelets
are heterogeneous in size, density, and reactivity.
Metabolically and enzymatically larger platelets are
more active than smaller platelets.” Elevation of
MPYV values has been shown in acute coronary syn-
dromes and acute myocardial infarction.'”'® The
increased MPV has been reported in a number of
patient groups with known coronary artery disea-
se risk factors, such as smoking,” diabetes melli-
tus,?!
cholestero

obesity,” hypertension,” and increased
1> when compared with healthy con-
trols. The difference of our study from previous
studies is that we excluded the patients with hy-
pertension and diabetes mellitus. Because of this
exclusion our sample size was small. There was al-
so no significant difference between SCF and con-
trol groups with respect to body mass index, the
percentages of smoking and levels of cholesterol in
the present study. So we concluded that MPV val-
ues increased in patients with SCF regardless of
these factors.

Although the pathophysiologic mechanisms
for increased platelet activation in patients with
SCF remains to be largely unknown, the abnormal
slow flow pattern in a coronary artery might lead
to thrombus formation and, hence, distal emboli-
zation or myocardial infarction. In a previous
study, we have shown that, MPV was significantly
higher in patients with coronary artery ectasia
when compared with control subjects.” In this pre-
vious study, we thought the similar mechanism.

Increased platelet aggregability and MPV was
also found in patients with cardiac syndrome X in
which exercise induced myocardial ischemia and
angina could be seen without obstructive coronary
artery disease like SCF.?*?” The results of these stu-
dies support our findings.
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There can be an association between platelet
function and coronary endothelial dysfunction or
impaired coronary flow.

Inflammation has also been suggested to be in-
volved in the pathophysiology of SCF. Turhan et
al. performed a study, evaluating plasma soluble ad-
hesion molecules; intercellular adhesion molecu-
le-1 (ICAM-1), vascular cell adhesion molecule-1
(VCAM-1) and E-selectin as possible indicators of
endothelial activation or inflammation in patients
with SCF, but with angiographically proven nor-
mal coronary arteries. They 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 suggesting the presence of a more
severe and extensive chronic inflammation in the
coronary circulation in these patients.” In an other
study, Li et al showed that plasma levels of inflam-
matory factors, CRP and IL-6 in patients with SCF
were found to be significantly higher than those of
control subjects.?®

Platelet size is regulated at the level of the me-
gakaryocyte. It has been shown that inflammatory
cytokines such as interleukin-3 or interleukin-6 in-
fluence megakaryocyte ploidy and can lead to the
production of more reactive and larger platelets.”
Therefore, IL-6, a major inflammatory cytokine
which increased in patients with SCF can cause an
increase in MPV values by stimulating the mega-
karyocyte ploidy. As a result, inflammatory process
in patients with SCF might be cause of increased
MPV.

MPV increases over time in EDTA-anticoagu-
lated samples,® and this increase was shown to be
proportional with the time period between sample
collection and laboratory analysis. Therefore, who-
le blood count including MPV was determined in
less than one hour.

Recently, MPV has been an interesting topic
in cardiovascular research. It is a simple laboratory
measurement which can be measured in almost all
laboratories and it can guide us to identify high risk
patients with SCF.
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There are some limitations of this study that

should be concerned. The small number of patients

was the limitation of the study. We excluded the
factors like hypertension and diabetes mellitus that
could affect MPV. Because of that our sample size
was small. Another limitation of this study is that
analysis was based on a simple baseline determina-
tion that may not reflect the patient status over

long periods.
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I CONCLUSION

In this study, we found that MPV, an indicator of
platelet aggregation, was significantly higher in pa-
tients with SCF when compared with control gro-
up. Further prospective studies are needed to
establish the pathophysiological and clinical signi-
ficance of increased MPV and to investigate the ef-

fect of anti-platelet agents in patients with SCF.
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