
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.1

Several mechanisms have been proposed for the etiology of SCF, including
microvascular and endothelial dysfunction, small-vessel disease, diffuse at-
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Platelet Volume is Increased in Patients
with Slow Coronary Flow

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Slow co ro nary flow (SCF) is cha rac te ri zed by de la yed opa ci fi ca ti on of co -
ro nary ves sels in a nor mal co ro nary an gi og ram. Alt ho ugh cli ni cal and pat ho lo gi cal fe a tu res ha ve be -
en pre vi o usly des cri bed, the un derl ying pat hoph ysi o logy has not be en fully un ders to od. The pla te let
func ti on di sor ders ha ve be en sug ges ted to play a ro le in the pat ho ge ne sis of SCF. The aim of this
study was to as sess the me an pla te let vo lu me (MPV), an in di ca tor of pla te let ac ti va ti on in pa ti ents
with SCF. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  The study gro up con sis ted of 35 pa ti ents with SCF. An age and
gen der matc hed con trol gro up was com po sed of 35 he althy vo lun te ers. We me a su red se rum MPV
va lu es in pa ti ents and con trol sub jects. RRee  ssuullttss::  The throm boly sis in myo car di al in farc ti on (TI MI)
fra me co unt for all the epi car di al co ro nary ar te ri es and the me an TI MI fra me co unt we re sig ni fi -
cantly hig her in the SCF gro up than con trol gro up. MPV was sig ni fi cantly hig her among pa ti ents
with SCF when com pa red with con trol gro up (8.6 ± 0.9 vs. 8.1 ± 0.5 fl res pec ti vely; p= 0.004). The
only uni va ri a te pre dic tor of SCF was MPV (p= 0.007; OR, 2.58; CI, 1.29 to 5.15). The only mul ti -
va ri a te pre dic tor of SCF was MPV (p= 0.01 ; OR, 2.43; CI, 1.20 to 4.87). CCoonncc  lluu  ssii  oonn::  We ha ve shown
that MPV was sig ni fi cantly ele va ted in pa ti ents with SCF com pa red to con trol sub jects.

KKeeyy  WWoorrddss::  Pla te let ac ti va ti on; co ro nary cir cu la ti on 

ÖÖZZEETT  AAmmaaçç::  Ya vaş ko ro ner akım (YKA) nor mal ko ro ner an ji yog ra fi de ko ro ner da mar la rın ge cik -
miş bo yan ma sı dır. Her ne ka dar kli nik ve pa to lo jik özel lik le ri da ha ön ce ta nım lan sa da alt ta ya tan
pa to fiz yo lo ji ke sin ola rak an la şı la ma mış tır. Trom bo sit fonk si yon bo zuk luk la rı nın YKA ’nın pa to je -
ne zin de rol oy na dı ğı sa nıl mak ta dır. Bu ça lış ma nın ama cı YKA’lı has ta lar da trom bo sit ak ti vas yo -
nun bir gös ter ge si olan or ta la ma trom bo sit hac mi’ ni (OTH) de ğer len dir mek ti. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:
Ça lış ma gru bu YKA’ lı 35 has ta dan oluş tu. Yaş ve cin si yet eşit len miş 35 sağ lık lı bi rey kon trol gru -
bu nu oluş tur du. Has ta ve kon trol gru bun da OTH de ğer le ri öl çül dü. BBuull  gguu  llaarr::  Bü tün ko ro ner da mar -
la rın “Throm boly sis in Myo car di al In farc ti o n” (TI MI) ka re sa yı la rı ve TI MI ka re sa yı sı or ta la ma sı
YKA’ lı has ta lar da kon trol le re gö re an lam lı de re ce de yük sek bu lun du. OTH YKA’ lı has ta lar da kon -
trol gru bun dan an lam lı de re ce de yük sek ti (8.6 ± 0.9 ve 8.1 ± 0.5 fl; sırayla; p= 0.004). YKA’ nın tek
üni va ri yat belirteci OTH idi (p= 0.007; OR, 2.58; GA, 1.29-5.15). YKA’nın tek mul ti va ryat belirteci
OTH idi (p= 0.01; OR, 2.43; GA, 1.20-4.87). SSoo  nnuuçç::  Biz bu ça lış ma da, YKA’lı has ta lar da OTH’nin
kon trol gru buy la kar şı laş tı rıl dı ğın da an lam lı ola rak art mış ol du ğu nu gös ter dik.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Trombosit ak ti vas yo nu; ko ro ner do la şım  
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he rosc le ro sis and inf la ma ti on.1-5 Its eti o pat ho ge ne -
sis is not still cle ar. The im por tan ce of SCF phe no -
me non re sults from its as so ci a ti on with an gi na
pec to ris, acu te myo car di al in farc ti on, hyper ten si -
on and sud den car di ac de ath.6

Pla te lets ha ve an im por tant ro le in the pat ho-
ph ysi o logy of car di o vas cu lar di se a ses.7 Me an pla te -
let vo lu me (MPV) is a simp le and easy met hod of
as ses sing pla te let func ti on.8,9 In com pa ri son to
smal ler ones, lar ger pla te lets ha ve mo re gra nu les,
ag gre ga te mo re ra pidly with col la gen, ha ve hig her
throm bo xa ne A2 le vel and ex press mo re glycop ro -
te in Ib and IIb/II I a re cep tors.10-12 The re fo re lar ger
pla te lets ha ve hig her throm bo tic po ten ti al.

In pre vi o us stu di es, in cre a sed pla te let ac ti va ti -
on13,14 and in cre a sed MPV14-16 ha ve be en re por ted
in pa ti ents with SCF. In this study, we ai med to in-
ves ti ga te MPV va lu es pros pec ti vely in pa ti ents
with SCF.

MA TE RI AL AND MET HODS
The study gro up con sis ted of 35 pa ti ents with SCF
(19 fe ma les, 16 ma les, me an age 51.8 ± 8.7 ye ars).
An age and gen der matc hed con trol gro up was
com po sed of 35 he althy vo lun te ers (18 fe ma les, 17
ma les with a me an age 51.0 ± 10.1 ye ars). The in di-
ca ti on for co ro nary an gi og raphy was eit her the
pre sen ce of typi cal an gi na or po si ti ve or equ i vo cal
re sults of no nin va si ve scre e ning tests for myo car -
di al isc he mi a in both of the gro up. The con trol sub-
jects we re se lec ted in a con se cu ti ve man ner from
the cat he te ri zed pa ti ents du ring the sa me study pe-
ri od and who pro ved to ha ve nor mal co ro nary an-
gi og rams. Hyper ten si on was con si de red to be
pre sent if the systo lic pres su re was >140 mmHg
and/or di as to lic pres su re was >90 mmHg or if the
in di vi du al was ta king an tihy per ten si ve me di ca ti -
ons. Di a be tes mel li tus was de fi ned as a fas ting blo -
od glu co se le vel >126 mg/dl or cur rent use of a di et
or me di ca ti on to lo wer blo od glu co se. Pa ti ents who
we re smo king be fo re hos pi ta li za ti on we re ac cep -
ted as smo kers

Exc lu si on cri te ri a we re co ro nary ar tery di se a -
se, pri or myo car di al in farc ti on, val vu lar he art di -
se a se, he art fa i lu re, pe rip he ral vas cu lar di se a se,
co ro nary ar tery ec ta si a, di a be tes mel li tus, hyper -

ten si on, re nal and he pa tic dysfunc ti on, he ma to lo -
gi cal di sor ders, his tory of ma lig nancy, acu te or
chro nic in fec ti on and stro ke. No ne of the sub jects
we re on an tihy per ten si ve and an ti ag gre ga ti on the -
rapy inc lu ding as pi rin. The re is only one pa ti ent
using sta tin in pa ti ents gro up. The study was ap-
pro ved by the ins ti tu ti o nal et hics com mit te e, and
in for med con sent was ob ta i ned from all pa ti -
ents.

CO RO NARY AN GI OG RAPHY

Co ro nary an gi og raphy was ro u ti nely per for med
wit ho ut the use of nit rogl yce rin. Se lec ti ve co ro nary
an gi og raphy was per for med by me ans of the Jud-
kins tech ni qu e in mul tip le pro jec ti ons. We used io-
he xol (Om ni pa qu e) as con trast agent du ring
co ro nary an gi og raphy in all pa ti ents and con trol
sub jects. Co ro nary blo od flow was me a su red qu an -
ti ta ti vely using the throm boly sis in myo car di al in-
farc ti on (TI MI) fra me co unt which was de ri ved
from the num ber of ci ne-fra mes re cor ded from the
first en tran ce of con trast to its ar ri val at the dis tal
end of eit her the left an te ri or des cen ding ar tery
(LAD), cir cumf lex ar tery (Cx), or right co ro nary ar-
tery (RCA). The last fra mes used for the LAD, Cx,
and RCA we re tho se in which the dye first en te -
red the mus tac he seg ment, dis tal bi fur ca ti on seg-
ment, and first branch of the pos te ro la te ral ar tery,
res pec ti vely. The TI MI fra me co unt of the LAD ar-
tery was cor rec ted by di vi ding the fi nal co unt by
1.7. The me an TI MI fra me co unt for each pa ti ent
and con trol sub ject was cal cu la ted by ad ding the
TI MI fra me co unts for LAD, CFX and RCA and
then di vi ding the ob ta i ned va lu e in to thre e. Co ro -
nary an gi og rams and TI MI fra me co un ting we re
analy sed by two blin ded in ter ven ti o nal car di o lo -
gists wit ho ut know led ge of the cli ni cal sta tus and
la bo ra tory me a su re ments of the sub jects. 

BLO OD SAMP LING

Blo od samp les we re drawn from the an te cu bi tal ve -
in by ca re ful ve in punc tu re in a 21 G ste ri le syrin -
ge wit ho ut sta sis at 08.00-10.00 AM af ter a fas ting
pe ri od of 12 h. Glu co se, cre a ti ni ne, and li pid pro fi -
les we re de ter mi ned by stan dard met hods. MPV
was me a su red in a blo od samp le col lec ted in di po -
tas si um ED TA tu bes. An au to ma tic blo od co un ter
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(Beck man Co ul ter) was used for who le blo od co -
unts. MPV was me a su red wit hin an ho ur af ter sam-
p ling.

STA TIS TI CAL ANALY SIS

Da ta we re analy zed with the SPSS soft wa re ver si -
on 10.0 for Win dows. Con ti nu o us va ri ab les from
the study gro ups we re re por ted as me an ± 1 stan-
dard de vi a ti on, ca te go ri cal va ri ab les as per cen ta ges.
To com pa re con ti nu o us va ri ab les, the Stu dent t-test
or Mann-Whit ney U test we re used whe re ap pro-
p ri a te. Ca te go ri cal va ri ab les we re com pa red with
the chi-squ a red test. Sta tis ti cal sig ni fi can ce was de-
fi ned as p< 0.05. De mog rap hic cha rac te ris tics, cli -
ni cal and an gi og rap hic pro fi le we re eva lu a ted in a
uni va ri a te analy sis, and tho se with p< 0.15 (BMI
and MPV) we re then en te red in to a Mul ti va ri a te
lo gis tic reg res si on analy sis. Strength of as so ci a ti on
bet we en va ri ab les and oc cur ren ce of SCF was rep-
re sen ted by odds ra ti os (ORs) and the ir ac com pan -
ying 95% con fi den ce in ter vals (CIs).

RE SULTS  
Cli ni cal and la bo ra tory cha rac te ris tics of the pa ti -
ents with SCF and con trol gro up are pre sen ted in
Tab le 1. The re we re no sta tis ti cally sig ni fi cant dif-
fe ren ces bet we en the two gro ups with res pect to
age, gen der, systo lic and di as to lic blo od pres su res
and le vels of glu co se, cre a ti ni ne, to tal cho les te rol,
trigl yce ri de, low-den sity li pop ro te in (LDL) cho les -
te rol, high den sity li pop ro te in (HDL) cho les te rol,
he mog lo bin, whi te blo od cell and pla te let co unt.
The TI MI fra me co unt for all the epi car di al co ro -
nary ar te ri es and the me an TI MI fra me co unt we -
re sig ni fi cantly hig her in the SCF gro up than
con trol gro up. MPV was sig ni fi cantly hig her
among pa ti ents with SCF when com pa red with
con trol gro up (8.6 ± 0.9 vs. 8.1 ± 0.5 fl res pec ti vely;
p= 0.004). The only uni va ri a te pre dic tor of SCF was
MPV (p= 0.007; OR, 2.58; CI, 1.29 to 5.15). The
only mul ti va ri a te pre dic tor of SCF was MPV (p=
0.01 ; OR, 2.43; CI, 1.20 to 4.87).

DIS CUS SI ON
In this study, we fo und that MPV was sig ni fi -
cantly hig her in pa ti ents with SCF com pa red to

con trol sub jects. Se ve ral mec ha nisms ha ve be en
pro po sed for the eti o logy of SCF, inc lu ding occ -
lu si on of small ves sels, in cre a sed mic ro vas cu lar
re sis tan ce, and dif fu se at he rosc le ro sis.1-4 Ho we ver,
the exact un derl ying pat hoph ysi o lo gi cal mec ha -
nisms as well as the cli ni cal im por tan ce of this an-
gi og rap hic phe no me non are not fully un ders to od
at pre sent.

In pre vi o us stu di es, the pla te let func ti on di sor-
ders ha ve be en sug ges ted to play a ro le in the pat -
ho ge ne sis of SCF.13,14 Gok ce et al. fo und that the
ra ti o of pla te let ag gre ga bi lity was sig ni fi cantly hig -
her in the pa ti ents with SCF than that in the con-
trol sub jects, sug ges ting that pla te let func ti on
di sor der may play a ro le in the pat ho ge ne sis in

SCF Control

(n= 35) (n= 35) P value

Age (years) 51.8 ± 8.7 51.0 ± 10.1 0.06

Sex (M/F) 16/19 17/18 0.75

Smoking (%) 6(17%) 7(20%) 0.75  

BMI (kg/m2) 27.7 ± 3.1 26.6 ± 2.7 0.13

SBP (mmHg) 121.6 ± 7.3 120.8 ± 10.6 0.71

DBP (mmHg) 75.8 ± 8.2 75.7 ± 9.8 0.96

Heart rate (beats/min) 73.5 ± 3.8 72.2 ± 4.3 0.17

Glucase (mg/dl) 97.2 ± 8.0 93.3 ± 11.8 0.11

Creatinin (mg/dl) 0.91 ± 0.15 0.87 ± 0.17 0.36

Total cholesterol (mg/dl) 190.1 ± 29.2 187.9 ± 48.3 0.82

Triglycerides (mg/dl) 139.7 ± 56.4 121.4 ± 52.7 0.16

LDL-cholesterol (mg/dl) 111.0 ± 27.0 112.2 ± 36.7 0.87

HDL-cholesterol (mg/dl) 49.3 ± 14.3 49.9 ± 12.9 0.85 

Hemoglobin (g/dl) 14.2 ± 1.3 14.3 ± 1.3 0.75

WBC (×103 mg/dl) 7.5 ± 2.1 7.7 ± 1.9 0.72

Platelet count (×109) 259.6 ± 59.1 263.2 ± 94.3 0.84

MPV (fl) 8.6 ± 0.9 8.1 ± 0.5 0.004

TIMI frame count

LADc 33.0 ± 8.1 16.0 ± 4.5 < 0.001

Cx 27.9 ± 10.4 17.8 ± 7.3 0.006

RCA 20.7 ± 4.9 15.3 ± 6.2 0.006

Mean 27.6 ± 6.1 16.2 ±  5.1 < 0.001

TABLE 1: Comparison of the clinical and laboratory
characteristics of the slow coronary flow (SCF)

and the control groups.

M/F: ma le to fe ma le, BMI: body mass in dex, SBP: systo lic blo od pres su re, DBP: di as -
to lic blo od pres su re, LDL-cho les te rol: low den sity li pop ro te in cho les te rol, HDL-cho les -
te rol: high den sity li pop ro te in cho les te rol, WBC: whi te blo od cells, MPV: me an pla te let
vo lu me. TI MI: Throm boly sis in Myo car di al In farc ti on, c: Cor rec ted TI MI fra me co unt, P
va lu e is for com pa ri son bet we en con trol and study po pu la ti on.



SCF.13 Ce lik et al fo und that MPV and sP-se lec tin
le vels of the pa ti ents with SCF we re sig ni fi cantly
hig her com pa red to tho se of the sub jects with nor-
mal co ro nary flow.14 In cre a sed MPV ha ve be en re-
por ted in pa ti ents with SCF al so in so me ot her
stu di es.15,16

The de ter mi na ti on of pla te let si ze, usu ally vi a
qu an ti fi ca ti on of MPV is a simp le and easy met hod
of ac cu ra tely as ses sing pla te let func ti on. Pla te lets
are he te ro ge ne o us in si ze, den sity, and re ac ti vity.
Me ta bo li cally and enz yma ti cally lar ger pla te lets are
mo re ac ti ve than smal ler pla te lets.9 Ele va ti on of
MPV va lu es has be en shown in acu te co ro nary syn-
dro mes and acu te myo car di al in farc ti on.17-19 The
in cre a sed MPV has be en re por ted in a num ber of
pa ti ent gro ups with known co ro nary ar tery di se a -
se risk fac tors, such as smo king,20 di a be tes mel li -
tus,21 obe sity,22 hyper ten si on,23 and in cre a sed
cho les te rol24 when com pa red with he althy con-
trols. The dif fe ren ce of our study from pre vi o us
stu di es is that we exc lu ded the pa ti ents with hy-
per ten si on and di a be tes mel li tus. Be ca u se of this
exc lu si on our samp le si ze was small. The re was al -
so no sig ni fi cant dif fe ren ce bet we en SCF and con-
trol gro ups with res pect to body mass in dex, the
per cen ta ges of smo king and le vels of cho les te rol in
the pre sent study. So we conc lu ded that MPV va l-
u es in cre a sed in pa ti ents with SCF re gard less of
the se fac tors.

Alt ho ugh the pat hoph ysi o lo gic mec ha nisms
for in cre a sed pla te let ac ti va ti on in pa ti ents with
SCF re ma ins to be lar gely unk nown, the ab nor mal
slow flow pat tern in a co ro nary ar tery might le ad
to throm bus for ma ti on and, hen ce, dis tal em bo li -
za ti on or myo car di al in farc ti on. In a pre vi o us
study, we ha ve shown that, MPV was sig ni fi cantly
hig her in pa ti ents with co ro nary ar tery ec ta si a
when com pa red with con trol sub jects.25 In this pre-
vi o us study, we tho ught the si mi lar mec ha nism. 

In cre a sed pla te let ag gre ga bi lity and MPV was
al so fo und in pa ti ents with car di ac syndro me X in
which exer ci se in du ced myo car di al isc he mi a and
an gi na co uld be se en wit ho ut obs truc ti ve co ro nary
ar tery di se a se li ke SCF.26,27 The re sults of the se stu -
di es sup port our fin dings.

The re can be an as so ci a ti on bet we en pla te let
func ti on and co ro nary en dot he li al dysfunc ti on or
im pa i red co ro nary flow.

Inf lam ma ti on has al so be en sug ges ted to be in-
vol ved in the pat hoph ysi o logy of SCF. Tur han et
al. per for med a study, eva lu a ting plas ma so lub le ad-
he si on mo le cu les; in ter cel lu lar ad he si on mo le cu -
le-1 (ICAM-1), vas cu lar cell ad he si on mo le cu le-1
(VCAM-1) and E-se lec tin as pos sib le in di ca tors of
en dot he li al ac ti va ti on or inf lam ma ti on in pa ti ents
with SCF, but with an gi og rap hi cally pro ven nor-
mal co ro nary ar te ri es. They sho wed that se rum
ICAM-1, VCAM-1, and E-se lec tin con cen tra ti ons
of pa ti ents with SCF we re fo und to be sig ni fi cantly
hig her than tho se of con trol sub jects with nor mal
co ro nary flow sug ges ting the pre sen ce of a mo re
se ve re and ex ten si ve chro nic inf lam ma ti on in the
co ro nary cir cu la ti on in the se pa ti ents.5 In an ot her
study, Li et al sho wed that plas ma le vels of inf lam -
ma tory fac tors, CRP and IL-6 in pa ti ents with SCF
we re fo und to be sig ni fi cantly hig her than tho se of
con trol sub jects.28

Pla te let si ze is re gu la ted at the le vel of the me -
ga kar yocy te. It has be en shown that inf lam ma tory
cyto ki nes such as in ter le u kin-3 or in ter le u kin-6 in-
f lu en ce me ga kar yocy te plo idy and can le ad to the
pro duc ti on of mo re re ac ti ve and lar ger pla te lets.29

The re fo re, IL-6, a ma jor inf lam ma tory cyto ki ne
which in cre a sed in pa ti ents with SCF can ca u se an
in cre a se in MPV va lu es by sti mu la ting the me ga -
kar yocy te plo idy. As a re sult, inf lam ma tory pro cess
in pa ti ents with SCF might be ca u se of in cre a sed
MPV.

MPV in cre a ses over ti me in ED TA-an ti co a gu -
la ted samp les,30 and this in cre a se was shown to be
pro por ti o nal with the ti me pe ri od bet we en samp le
col lec ti on and la bo ra tory analy sis. The re fo re, who -
le blo od co unt inc lu ding MPV was de ter mi ned in
less than one ho ur.

Re cently, MPV has be en an in te res ting to pic
in car di o vas cu lar re se arch. It is a simp le la bo ra tory
me a su re ment which can be me a su red in al most all
la bo ra to ri es and it can gu i de us to iden tify high risk
pa ti ents with SCF.
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The re are so me li mi ta ti ons of this study that
sho uld be con cer ned. The small num ber of pa ti ents
was the li mi ta ti on of the study. We exc lu ded the
fac tors li ke hyper ten si on and di a be tes mel li tus that
co uld af fect MPV. Be ca u se of that our samp le si ze
was small. Anot her li mi ta ti on of this study is that
analy sis was ba sed on a simp le ba se li ne de ter mi na -
ti on that may not ref lect the pa ti ent sta tus over
long pe ri ods.

CONC LU SI ON
In this study, we fo und that MPV, an in di ca tor of
pla te let ag gre ga ti on, was sig ni fi cantly hig her in pa-
ti ents with SCF when com pa red with con trol gro -
up. Furt her pros pec ti ve stu di es are ne e ded to
es tab lish the pat hoph ysi o lo gi cal and cli ni cal sig ni -
fi can ce of in cre a sed MPV and to in ves ti ga te the ef-
fect of an ti-pla te let agents in pa ti ents with SCF.
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