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Relationship between mean platelet volume and ischemic stroke
in patients with patent foramen ovale
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iskemik inme arasındaki ilişki

Department of Cardiology, Antalya Training and Research Hospital, Antalya, Turkey
#Department of Emergency Medicine Bitlis State Hospital, Antalya, Turkey

*Department of Cardiology, Sakarya University Training and Research Hospital, Sakarya, Turkey

Nermin Bayar, M.D., Selçuk Küçükseymen, M.D., Zehra Erkal, M.D., Ramazan Güven, M.D.,#

Erkan Köklü, M.D., Çağın Mustafa Üreyen, M.D.,* Şakir Arslan, M.D.

Objective: Patent foramen ovale (PFO) is commonly en-
countered in patients with cryptogenic stroke. Mean platelet 
volume (MPV), an indicator of platelet reactivity, has been re-
ported in recent trials to be higher in patients with PFO than 
in normal population. The aim of this study was to investigate 
whether there is a difference in MPV between patients with 
PFO and stroke or transient ischemic attack (TIA) and that of 
patients with asymptomatic PFO.
Methods: Patients with PFO who were younger than 55 years 
of age were enrolled in this retrospective study. Hemogram 
parameters of patients with ischemic stroke or TIA (symptom-
atic group) were obtained during hospitalization once they 
had stable clinical status.
Results: Total of 108 patients, 51 of whom were symptomatic, 
were included in the study. MPV was determined to be higher 
in symptomatic group compared with asymptomatic group 
(median 10.0 fl [25th-75th percentile: 9.0–11.0] vs median 8.56 
fl [25th-75th percentile: 8.0–9.0], respectively; p<0.001,. Cut-
off point of 9.0 fl for MPV had 70% sensitivity and 86% specific-
ity in predicting symptomatic PFO patients. 
Conclusion: MPV is higher in symptomatic than in asymp-
tomatic PFO patients. This finding may be a subsidiary risk 
factor to identify patients with PFO and high risk of cardioem-
bolic stroke.

Amaç: Kriptojenik inme geçiren hastalarda foramen ovale 
açıklığı (FOA) varlığına daha sık rastlanmaktadır. Trombosit 
reaktivitesinin göstergesi olarak kabul edilen ortalama trom-
bosit hacminin (OTH), FOA’lılarda normal popülasyondan 
yüksek olduğu bildirilmiştir. Bu çalışmada, FOA’lılarda nedeni 
bilinmeyen iskemik inme veya geçici iskemik atak (GİA) geçi-
ren hastalar ile semptomsuz olgular arasında OTH yönünden 
fark olup olmadığı araştırıldı.
Yöntemler: Bu geriye dönük çalışmaya FOA saptanan 55 yaş 
altı olgular alındı. Nedeni bilinmeyen iskemik inme veya GİA 
geçiren hastaların (semptomlu grup) yatış esnasında klinik 
olarak stabilize olduklarında alınan hemogram parametreleri 
kaydedildi.
Bulgular: Çalışmaya 51’i semptomlu grupta olan 108 hasta 
alındı. Semptomlu grupta ortalama trombosit hacmi semp-
tomsuz gruptan yüksek bulundu (sırasıyla, ortanca 10.0 fl 
[25-75 persentil: 9.0–11.0] ve ortanca 8.56 fl [25-75 persen-
til: 8.0–9.0], p<0.001). OTH’nin 9.0 fl ve üzerinde olmasının 
semptomlu oluşu göstermede %70 duyarlılık ve %86 özgüllü-
ğe sahip olduğu bulundu.
Sonuç: FOA’lı semptomlu hastalarda OTH semptomsuz ol-
gulardan yüksektir. Bu bulgu FOA’lılarda iskemik inme veya 
geçici iskemik atak riski yüksek olanları belirlemede yardımcı 
ek risk faktörü olabilir.
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ABSTRACT ÖZET

Presence of patent foramen ovale (PFO) is com-
mon in patients with cryptogenic stroke (CS) and 

transient ischemic attack (TIA).[1,2] Prevalence in those 
patients has been reported as 50% in autopsy trials. 

However, prevalence is 25% in normal population; 
therefore, other risk factors are also thought to have 
impact on stroke development.[3–5] Projected patho-
physiology of CS in patients with PFO is passage of 



thrombus formed in venous system to arterial system 
via PFO, causing paradoxical embolism. However, 
deep venous thrombosis was detected in 10% of pa-
tients with symptomatic PFO.[6] In recent trials, MPV 
values have been reported to be higher in patients with 
PFO than in normal population.[7,8] These findings in-
dicate that in addition to paradoxical embolism, envi-
ronmental and genetic factors may also play a role in 
prothrombotic condition in PFO patients. 

The present study was designed to find out wheth-
er there is a difference in MPV between symptomatic 
and asymptomatic PFO patients.

METHODS

Total of 108 patients with PFO who were younger 
than 55 years of age and who had 2-dimensional 
transesophageal echocardiography (TEE) performed 
between 2010 and 2016 were enrolled in this retro-
spective study. The study protocol was approved by 
the local ethics committee. Clinical and demographic 
data were obtained from patient records. CS and TIA 
were diagnosed through physical examination, cra-
nial magnetic resonance imaging (MRI) and cranial 
computerized tomography (CT) findings. In physi-
cal examination, risk factors for stroke, such as high 
blood pressure, smoking, heart disease, and personal 
or family history of stroke were evaluated, as well as 
mental alertness, coordination, and balance. Patients 
were also assessed for numbness or weakness in face, 
arms, and legs; confusion; and trouble speaking or 
seeing clearly. MRI was used to detect a wide variety 
of brain and blood vessel abnormalities and to deter-
mine area of the brain damaged by ischemic stroke. 
CT was performed right after stroke was suspected to 
reveal any bleeding in the brain or damage to brain 
cells as result of stroke. Diagnosis of symptomatic 
patients was made on the basis of all these results. 
Hemogram parameters of symptomatic (CS or TIA) 
patients were obtained during their hospital stay once 
patients were in stable condition, and also recorded 
for asymptomatic patients in whom PFO was diag-
nosed incidentally. MPV of symptomatic and asymp-
tomatic groups was compared.

Patients with additional disease that could influ-
ence hemogram parameters (e.g., acute infection, in-
flammatory disease), or coronary artery disease, acute 
coronary syndrome, atrial fibrillation, renal or hepatic 

failure, pulmonary embo-
lism, or organic hemato-
logical disease, and those 
with significant struc-
tural cardiac abnormali-
ties other than PFO (e.g., 
moderate to severe valvu-
lar disease, left ventricu-
lar dysfunction) were not 
enrolled in the study.

Blood samples were drawn with careful veno-
puncture from the antecubital vein into a 21-G ster-
ile syringe without stasis at between 8:00 and 10:00 
a.m. after a fasting period of 12 hours. Glucose level, 
creatinine level, and lipid profiles were determined 
by standard methods. MPV was measured in blood 
sample collected in dipotassium ethylenediaminetet-
raacetic acid tubes. Automatic blood counter (Beck-
man Coulter Inc., Indianapolis, IN, USA) was used 
for whole blood count, including MPV. Reference 
limits of MPV were accepted as 6-10 fl. MPV was 
measured within an hour after sampling. 

TTE and TEE records of patients were analyzed 
(EPIQ 7 cardiac ultrasound; Philips Healthcare, Inc., 
Andover, MA, USA). All echocardiographic findings 
were carefully evaluated by 2 cardiologists. All mea-
surements were taken according to recommendations of 
the American Society of Echocardiography. Left atrial 
diameter and left ventricular end-systolic and end-dia-
stolic diameters were measured in parasternal long axis 
view with M-mode echocardiography. Ejection fraction 
was measured using modified Simpson’s rule.

Statistical analysis

Data were analyzed with SPSS software, version 22.0 
(IBM Corp., Armonk, NY, USA) and MedCalc (Med-
Calc Software, Ostend, Belgium) statistical software. 
Categorical variables were presented as frequency 
and percentage. Chi-squared test was used to compare 
categorical variables. Kolmogorov-Smirnov test was 
used to assess distribution of continuous variables. 
Student’s t-test was used for variables with normal 
distribution, and values were presented as mean±SD. 
Continuous variables without normal distribution were 
analyzed using Mann-Whitney U test and values ob-
tained were presented as median [50th] value and inter-
quartile range [25th and 75th]. Significance of effective 
variables for ischemic stroke was initially assessed 
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using univariate regression analysis. Among variables 
that had level of significance of p<0.25, final model 
was created by identified the most decisive factors to 
distinguish between groups using a backward logistic 
regression method. Odds ratios (OR) and 95% confi-
dence intervals (CI) were calculated. Optimum cut-off 
level of MPV for symptomatic group was determined 
automatically using MedCalc software receiver oper-
ating characteristic (ROC) curve analysis. A 2-tailed p 
value of <0.05 was considered statistically significant.

RESULTS

Of total 108 patients enrolled in the study, 51 were 
symptomatic. Mean age of patients in asymptomatic 

group was 38.9±9.4 years and mean age was 44.2±8.8 
years in symptomatic group. Sixteen patients had TIA 
and 35 patients had stroke in symptomatic group. All 
symptomatic patients were using acetylsalicylic acid. 
Baseline characteristics of patients with symptomatic 
and asymptomatic PFO are provided in Table 1. 

Complete blood count parameters are listed in 
Table 2. No significant difference was found in white 
blood cell and hemoglobin level between the 2 groups. 
Platelet count was higher in symptomatic group com-
pared with asymptomatic group (296.0 103/µL [range: 
279.0–324.0 103/µL] vs 248.0 103/µL [range: 212.5–
282.5 103/µL], respectively; p<0.001). Lymphocyte 
count was lower in symptomatic group than in asymp-

Table 2. Common hemogram parameters of the patients

Variable Asymptomatic PFO Symptomatic PFO p
 (n=57) (n=51)

Hemoglobin (g/dL) 12.9±2.0 13.5±1.6 0.075
White blood cell count (×103 per µL) 7.6±1.5 8.0±1.2 0.156
Platelet count (×103 per µL) 248.0 (212.5–282.5) 296.0 (279.0–324.0) <0.001
Lymphocyte count (×103 per µL) 1.9±0.8 1.4±0.5 <0.001
Platelet to lymphocyte ratio 86.0 (101.0–133.0) 162.0 (150.0–178.0) <0.001
Mean platelet volume (fl) 8.56 (8.0–9.0) 10.0 (9.0–11.0) <0.001
Continuous variables are presented as mean (standard deviation) or median (25th-75th percentile). Categorical variables are presented as number (percentage). 
PFO: Patent foramen ovale.

Table 1. Clinical characteristics of the study population

Variable Asymptomatic PFO Symptomatic PFO p
 (n=57) (n=51)

 n % Mean±SD n % Mean±SD

Age (years)   38.9±9.4   44.2±8.8 0.003
Female 29 50.9  17 33.3  0.066
Hypertension 24 42.1  40 78.1  <0.001
Diabetes mellitus 7 12.3  13 25.5  0.078
Total cholesterol (mg/dL)   186.8±40.5   217.7±42.8 <0.001
Low density lipoprotein (mg/dL)   116.2±34.3   144.1±37.9 <0.001
High density lipoprotein (mg/dL)   43.7±9.1   41.6±12.6 0.056
Triglyceride (mg/dL) 120.0 (93.5–179.0) 160.0 (112.0–210.0) 0.008
C-reactive protein (mg/dL)   4.58±4.02   4.86±2.8 0.675
Glucose (mg/dL)   82.7±11.4   96.1±14.6 0.026

Continuous variables are presented as mean (standard deviation) or median (25th-75th percentile). Categorical variables are presented as number (per-
centage). PFO: Patent foramen ovale; SD: Standard deviation.
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was significantly greater in symptomatic group (32.0 
mm [range: 30.0–37.0 mm] vs 30.0 mm [range: 28.5–
33.0 mm]; p=0.014) (Table 3).

Univariate and multivariate analysis of symp-
tomatic PFO group factors was performed using 
logistic regression. Univariate logistic regression 
analysis demonstrated significant differences in age, 
platelet count, lymphocyte count, and hypertension. 
MPV >9.0 was found to be an independent predic-
tor of symptomatic PFO in backward logistic regres-
sion analysis (OR: 52.176; 95% CI: 6.171–431.248; 
p<0.001) (Table 4).

DISCUSSION

In the present study, elevated MPV was found to be 
associated with history of stroke/TIA in patients with 

tomatic group (1.4±0.5 103/µL vs 1.9±0.8 103/µL, re-
spectively; p<0.001). Platelet/lymphocyte ratio value 
was higher in symptomatic group compared with 
asymptomatic group (162.0 [range: 150.0–178.0] vs 
86.0 [range: 101.0–133.0], respectively; p<0.001). 
Furthermore, MPV was higher in symptomatic group 
when compared with asymptomatic group (10.0 fl 
[range: 9.0–11.0 fl] vs 8.56 [range: 8.0–9.0 fl], respec-
tively; p<0.001). ROC curve analysis revealed MPV 
>9.0 fl had 70% sensitivity and 86% specificity in 
predicting symptomatic PFO patients (area under the 
curve: 0.876; p<0.001) (Figure 1, Figure 2).

Among echocardiographic parameters, left ven-
tricular ejection fraction, left ventricular end-diastolic 
diameter, left ventricular end-systolic diameter, and 
left atrial diameter were not significantly different 
between the 2 groups. However, right atrial diameter 

Figure 1. Mean platelet volume in symptomatic and asymp-
tomatic PFO patients. MPV: Mean platelet volume; PFO: 
Patent foramen ovale.
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Table 3. Conventional transthoracic echocardiographic parameters of the study population

Variable Asymptomatic PFO Symptomatic PFO p
 (n=57) (n=51)

Left ventricular ejection fraction (%) 62.8±2.6 62.0±3.4 0.405
Left ventricular end diastolic diameter (mm) 42.0 (39.0–46.0) 45.0 (42.0–50.0) 0.162
Left ventricular end systolic diameter (mm) 26.0 (24.0–30.0) 28.0 (25.0–31.0) 0.174
Left atrium diameter (mm) 32.0 (31.0–36.5) 33.0 (30.0–36.0) 0.831
Right atrium diameter (mm) 30.0 (28.5–33.0) 32.0 (30.0–37.0) 0.014
Continuous variables are presented as mean (standard deviation) or median (25th-75th percentile). Categorical variables are presented as number 
(percentage). PFO: Patent foramen ovale.



PFO. Cut-off value of 9.0 fl for MPV ascertained with 
ROC curve analysis was found to have sensitivity of 
70% and specificity of 86% to predict stroke/TIA. 
This finding may aid prediction of stroke risk in pa-
tients with PFO. Moreover, it may help to identify pa-
tients with PFO who require antiaggregant/antithrom-
botic treatment. 

Etiology of 40% of acute ischemic strokes cannot 
be determined; they are what is referred to as CS.[9] 
Prevalence of PFO in patients with CS has been dem-
onstrated to be higher than in normal population. How-
ever, data regarding PFO as an independent risk fac-
tor for CS is contradictory. Since PFO is also found in 
normal population (25%), studies have been conducted 
with the intent of identifying which patients with PFO 
have higher risk of stroke. Certain morphological fea-
tures (e.g., PFO size, concomitant atrial septal aneu-
rysm, ratio of right to left shunt) have been reported 
to assist in determination of symptomatic patients.[10–12] 

Projected mechanism of stroke in patients with 
PFO is paradoxical embolism. PFO is a potential 
route for embolic transit of platelet aggregations, 
thrombi, gas bubbles, or other particulate matter from 
systemic venous circulation to the brain. PFO could 
also be nidus for in situ thrombus formation, which 
could potentially embolize.[13] Prevalence of deep 
venous thrombosis has been reported to be higher in 
patients with PFO and CS than patients without PFO. 

On the other hand, deep venous thrombosis was de-
tected in only 10% of patients in a study that enrolled 
ischemic stroke patients without risk factors except 
PFO.6 Furthermore, pelvic vein thrombosis was 
found in 20% of CS patients, whereas finding was 4% 
in ischemic stroke patients in the Paradoxical Emboli 
from Large Veins in Ischemic Stroke (PELVIS) trial.
[14] Certain genetic and environmental factors were 
thought to lead to prothrombotic state due to the fact 
that majority of CS patients do not have deep venous 
thrombosis. Lantz et al. stated that prothrombin gene 
polymorphism (20210G/A) might play a role in stroke 
development in patients with PFO.[15] Moreover, in 
another trial, factor V Leiden and 20210G/A muta-
tions were encountered more frequently in patients 
with PFO and CS.[16,17]

In addition to above-mentioned data, coagulation 
defects may accompany patients with PFO. Undas et 
al. stated that fibrin clot abnormalities were found in 
patients with cerebral ischemic episodes and PFO, 
which might explain increased tendency for embolic 
episodes in some patients with PFO and a concomi-
tant disorder.[18] Demir et al. reported that MPV was 
higher in asymptomatic patients with PFO than in pa-
tients without PFO.[7] This data might be significant in 
relationship between PFO and CS.

Platelets play a major role in thromboembolic 
events. MPV, which is an indicator of platelet reactiv-

Relationship between mean platelet volume and ischemic stroke in patients with patent foramen ovale 13

Table 4. Evaluation of the factors affecting symptomatic PFO patients using univariate and backward multivariate 
logistic regression analysis 

 Univariate Multivariate 

Variable OR (95% CI) p Adjusted OR (95% CI) p

Age 1.066 (1.019–1.114) 0.005 1.105 (1.007–1.213) 0.035
Left ventricle ejection fraction     0.917 (0.805–1.43) 0.186  
Left atrium diameter 0.993 (0.915–1.077) 0.865  
Mean platelet volume >9.0    14.700 (5.629–38.388) <0.001 58.926 (7.795–445.424) <0.001
White blood cell count   1.227 (0.933–1.614) 0.143 2.992 (1.182–7.574) 0.021
Platelet count   1.009 (1.002–1.016) 0.008 1.033 (1.009–1.057) 0.007
Hemoglobin count   1.181 (0.963–1.449) 0.110  
Lymphocyte count    0.280 (0.141–0.555) <0.001 0.011 (0.001–0.132) <0.001
C-reactive protein   1.024 (0.918–1.142) 0.673  
Diabetes mellitus   2.443 (0.889–6.716) 0.083  
Hypertension   5.000 (2.138–11.693) <0.001  
Triglyceride   1.009 (1.002–1.015) 0.007
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sure did have better outcomes than medical treatment.
[31] These findings indicate that it is not just paradoxi-
cal embolism that is responsible for stroke in patients 
with PFO; genetic, thrombotic, and atherosclerotic 
factors may also play a role.

Limitations

MPV of prestroke period of symptomatic patients was 
not available due to the fact that our study was retro-
spective. However, MPV levels were obtained after 
clinical stabilization of patients. Therefore, impact of 
CS/TIA on MPV is thought to be minimal. 

Conclusion

MPV evaluation may aid in identification of patients 
with PFO who may become symptomatic. Further-
more, the results of our study may encourage use of 
antiaggregant/antithrombotic therapy in patients with 
PFO and enhanced MPV. 

Conflict-of-interest issues regarding the authorship or 
article: None declared

REFERENCES

1. Serena J, Segura T, Perez-Ayuso MJ, Bassaganyas J, Molins 
A, Dávalos A. The need to quantify right-to-left shunt in acute 
ischemic stroke: a case-control study. Stroke 1998;29:1322–
8. Crossref

2. Job FP, Ringelstein EB, Grafen Y, Flachskampf FA, Doherty 
C, Stockmanns A, et al. Comparison of transcranial contrast 
Doppler sonography and transesophageal contrast echocar-
diography for the detection of patent foramen ovale in young 
stroke patients. Am J Cardiol 1994;74:381–4. Crossref

3. Hagen PT, Scholz DG, Edwards WD. Incidence and size 
of patent foramen ovale during the first 10 decades of life: 
an autopsy study of 965 normal hearts. Mayo Clin Proc 
1984;59:17–20. Crossref

4. Homma S, Sacco RL, Di Tullio MR, Sciacca RR, Mohr JP. 
Effect of medical treatment in stroke patients with patent fora-
men ovale: patent foramen ovale in Cryptogenic Stroke Study. 
Circulation 2002;105:2625–31. Crossref

5. Bédard E, Rodés-Cabau J, Houde C, Mackey A, Rivest D, 
Cloutier S, et al. Enhanced thrombogenesis but not platelet 
activation is associated with transcatheter closure of patent 
foramen ovale in patients with cryptogenic stroke. Stroke 
2007;38:100–4. Crossref

6. Lethen H, Flachskampf FA, Schneider R, Sliwka U, Köhn G, 
Noth J, et al. Frequency of deep vein thrombosis in patients 
with patent foramen ovale and ischemic stroke or transient 
ischemic attack. Am J Cardiol 1997;80:1066–9. Crossref

7. Demir B, Caglar IM, Ungan I, Ugurlucan M, Tureli HO, 

ity, is a cheap and feasible hemogram parameter.[19] It 
was determined in recent trials that there is a relation-
ship between increased MPV and cardiovascular mor-
tality.[20] Medications could also alter MPV. De Luca 
et al. stated that dual antiplatelet therapy with acetyl-
salicylic acid and clopidogrel may enhance MPV par-
adoxically in patients with acute coronary syndrome.
[21] On the other hand, Shah et al. reported that acetyl-
salicylic acid administered to healthy volunteers did 
not have an impact on MPV.[22] In our trial, most of the 
symptomatic patients were taking acetylsalicylic acid, 
which may have increased MPV. 

Shear stress and deformation of platelets during 
passage through PFO, which is a tubular structure, 
may cause platelet activation that results in further 
increased MPV.[7] Enhanced MPV signifies increased 
platelet reactivity, and consequently tendency to 
thrombosis. Huge platelets produce more thrombox-
ane A2 with high enzymatic activity.[23] Aggregation 
is the clumping of activated platelets. Platelet ag-
gregation is the principal step toward formation of 
thrombus. Measuring MPV is an easy and inexpensive 
method to evaluate platelet function and is a physio-
logical variable with hemostatic significance.[19] Giant 
platelets are more reactive, produce more prothrom-
botic factors, and clump together more easily. Giant 
platelets contain denser granules and secrete more 
serotonin and beta-thromboglobulin.[24–26] Increased 
MPV is associated with increased in vitro aggregation 
in response to adenosine diphosphate and collagen.[27]

Treatment protocols are not precise in patients with 
PFO. According to contemporary guidelines, medica-
tion is not recommended for asymptomatic patients 
with PFO. Optimal medical treatment is controversial 
in symptomatic patients. Mohr et al. reported that ace-
tylsalicylic acid and warfarin have similar impact in 
terms of precluding recurrent CS.[28] PFO may be oc-
cluded in patients with high recurrent TIA or stroke. 
However, transcatheter PFO closure was not demon-
strated to be superior to medical treatment in preven-
tion of recurrent TIA or stroke in the CLOSURE I 
trial.[29] Moreover, transcatheter PFO closure was also 
not found to be superior to medical treatment in the 
Randomized Evaluation of Recurrent Stroke Com-
paring PFO Closure to Established Current Standard 
of Care Treatment (RESPECT) trial, which enrolled 
980 patients.[30] In addition, a meta-analysis of 2303 
patients with PFO and CS/TIA found that PFO clo-

https://doi.org/10.1161/01.STR.29.7.1322
https://doi.org/10.1016/0002-9149(94)90407-3
https://doi.org/10.1016/S0025-6196(12)60336-X
https://doi.org/10.1161/01.CIR.0000017498.88393.44
https://doi.org/10.1161/01.STR.0000251712.55322.69
https://doi.org/10.1016/S0002-9149(97)00604-8


Relationship between mean platelet volume and ischemic stroke in patients with patent foramen ovale 15

dhi K, et al. Prevalence of transthoracic echocardiographic 
abnormalities in patients with ischemic stroke, intracerebral 
hemorrhage, and subarachnoid hemorrhage. Arch Med Sci 
2010;6:40–2. Crossref

21. De Luca G, Secco GG, Iorio S, Verdoia M, Bellomo G, Ma-
rino P. Short-term effects of aspirin and clopidogrel on mean 
platelet volume among patients with acute coronary syn-
dromes. A single-center prospective study. Blood Coagul Fi-
brinolysis 2012;23:756–9. Crossref

22. Shah B, Valdes V, Nardi MA, Hu L, Schrem E, Berger JS. Mean 
platelet volume reproducibility and association with platelet 
activity and anti-platelet therapy. Platelets 2014;25:188–92. 

23. Bath PM, Missouris CG, Buckenham T, MacGregor GA. 
Increased platelet volume and platelet mass in patients 
with atherosclerotic renal artery stenosis. Clin Sci (Lond) 
1994;87:253–7. Crossref

24. Thompson CB, Eaton KA, Princiotta SM, Rushin CA, Valeri 
CR. Size dependent platelet subpopulations: relationship of 
platelet volume to ultrastructure, enzymatic activity, and func-
tion. Br J Haematol 1982;50:509–19. Crossref

25. Haver VM, Gear AR. Functional fractionation of platelets. J 
Lab Clin Med 1981;97:187–204.

26. Martin JF, Trowbridge EA, Salmon G, Plumb J. The biologi-
cal significance of platelet volume: its relationship to bleeding 
time, platelet thromboxane B2 production and megakaryocyte 
nuclear DNA concentration. Thromb Res 1983;32:443–60.

27. Smith RL, Blick EF, Coalson J, Stein PD. Thrombus produc-
tion by turbulence. J Appl Physiol 1972;32:261–4.

28. Mohr JP, Thompson JL, Lazar RM, Levin B, Sacco RL, 
Furie KL, et al. A comparison of warfarin and aspirin for 
the prevention of recurrent ischemic stroke. N Engl J Med 
2001;345:1444–51. Crossref

29. Furlan AJ, Reisman M, Massaro J, Mauri L, Adams H, Albers 
GW, et al. Closure or medical therapy for cryptogenic stroke 
with patent foramen ovale. N Engl J Med 2012;366:991–9. 

30. Carroll JD, Saver JL, Thaler DE, Smalling RW, Berry S, 
MacDonald LA, et al. Closure of patent foramen ovale ver-
sus medical therapy after cryptogenic stroke. N Engl J Med 
2013;368:1092–100. Crossref

31. Riaz IB, Dhoble A, Mizyed A, Hsu CH, Husnain M, Lee JZ, et 
al. Transcatheter patent foramen ovale closure versus medical 
therapy for cryptogenic stroke: a meta-analysis of randomized 
clinical trials. BMC Cardiovasc Disord 2013;13:116. Crossref

Karakaya O. Mean platelet volume is elevated in patients with 
patent foramen ovale. Arch Med Sci 2013;9:1055–61. Crossref

8. Varol E, Uysal BA, Ersoy I, Ozaydin M, Erdogan D, Dogan 
A. Mean platelet volume, an indicator of platelet reactivity, is 
increased in patients with patent foramen ovale. Blood Coagul 
Fibrinolysis 2013;24:605–7. Crossref

9. Hart RG, Miller VT. Cerebral infarction in young adults: a 
practical approach. Stroke 1983;14:110–4. Crossref

10. Komar M, Podolec P, Przewłocki T, Wilkołek P, Tomkiewicz-
Pająk L, Motyl R. Transoesophageal echocardiography 
can help distinguish between patients with “symptomatic” 
and “asymptomatic” patent foramen ovale. Kardiol Pol 
2012;70:1258–63.

11. Akhondi A, Gevorgyan R, Tseng CH, Slavin L, Dao C, Li-
ebeskind DS, et al. The association of patent foramen ovale 
morphology and stroke size in patients with paradoxical em-
bolism. Circ Cardiovasc Interv 2010;3:506–10. Crossref

12. Goel SS, Tuzcu EM, Shishehbor MH, de Oliveira EI, Borek 
PP, Krasuski RA, et al. Morphology of the patent foramen 
ovale in asymptomatic versus symptomatic (stroke or tran-
sient ischemic attack) patients. Am J Cardiol 2009;103:124–
9. Crossref

13. Kutty S, Sengupta PP, Khandheria BK. Patent foramen 
ovale: the known and the to be known. J Am Coll Cardiol 
2012;59:1665–71. Crossref

14. Cramer SC, Rordorf G, Maki JH, Kramer LA, Grotta JC, Bur-
gin WS, et al. Increased pelvic vein thrombi in cryptogenic 
stroke: results of the Paradoxical Emboli from Large Veins in 
Ischemic Stroke (PELVIS) study. Stroke 2004;35:46–50. 

15. Lantz M, Sjöstrand C, Kostulas K. Ischemic stroke and patent 
foramen ovale: risk factors and genetic profile. J Stroke Cere-
brovasc Dis 2013;22:841–5. Crossref

16. Pezzini A, Del Zotto E, Magoni M, Costa A, Archetti S, 
Grassi M, et al. Inherited thrombophilic disorders in young 
adults with ischemic stroke and patent foramen ovale. Stroke 
2003;34:28–33. Crossref

17. Karttunen V, Hiltunen L, Rasi V, Vahtera E, Hillbom M. Fac-
tor V Leiden and prothrombin gene mutation may predispose 
to paradoxical embolism in subjects with patent foramen ova-
le. Blood Coagul Fibrinolysis 2003;14:261–8. Crossref

18. Undas A, Podolec P, Zawilska K, Pieculewicz M, Jedliński I, 
Stepień E, et al. Altered fibrin clot structure/function in patients 
with cryptogenic ischemic stroke. Stroke 2009;40:1499–501. 

19. Jakubowski JA, Thompson CB, Vaillancourt R, Valeri CR, 
Deykin D. Arachidonic acid metabolism by platelets of differ-
ing size. Br J Haematol 1983;53:503–11. Crossref

20. Amin H, Aronow WS, Lleva P, McClung JA, Desai H, Gan-

Keywords: Mean platelet volume; patent foramen ovale; stroke.

Anahtar sözcükler: Ortalama trombosit hacmi; patent foramen ova-
le; inme.

https://doi.org/10.5114/aoms.2013.38687
https://doi.org/10.1097/MBC.0b013e32836029ee
https://doi.org/10.1161/01.STR.14.1.110
https://doi.org/10.1161/CIRCINTERVENTIONS.109.908533
https://doi.org/10.1016/j.amjcard.2008.08.036
https://doi.org/10.1016/j.jacc.2011.09.085
https://doi.org/10.1161/01.STR.0000106137.42649.AB
https://doi.org/10.1016/j.jstrokecerebrovasdis.2012.06.002
https://doi.org/10.1161/01.STR.0000046457.54037.CC
https://doi.org/10.1097/01.mbc.0000061288.28953.c8
https://doi.org/10.1161/STROKEAHA.108.532812
https://doi.org/10.1111/j.1365-2141.1983.tb02052.x
https://doi.org/10.5114/aoms.2010.13505
https://doi.org/10.1097/MBC.0b013e328358e941
https://doi.org/10.3109/09537104.2013.793794
https://doi.org/10.1042/cs0870253
https://doi.org/10.1111/j.1365-2141.1982.tb01947.x
https://doi.org/10.1016/0049-3848(83)90255-4
https://doi.org/10.1056/NEJMoa011258
https://doi.org/10.1056/NEJMoa1009639
https://doi.org/10.1056/NEJMoa1301440
https://doi.org/10.1186/1471-2261-13-116



