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Introduction
Retinal vein occlusion (RVO) is the second com-
mon cause of retinal vascular disorder after dia-
betic retinopathy.1,2 Central retinal vein occlusion 
(CRVO) is a major cause of vision impairment 
and slightly more frequent in men than in 
women.2 The exact pathogenesis of CRVO 
remains unclear and controversial; it has been 
suggested that multiple factors including local 
anatomical susceptibility, degenerative changes of 
the vessel walls, and abnormal hematological 
abnormalities may contribute to the development 
of vascular obstruction.3 The alterations in plate-
let parameters may induce protrombotic status of 
the patient. The platelet markers have been asso-
ciated with several pathological conditions, such 
as an increased level of mean platelet volume 
(MPV) has been shown as a risk factor for 

myocardial infarction and stroke.4 MPV is an 
analyzer-calculated measure of thrombocyte vol-
ume. MPV has also been shown to be increased 
in the diabetic patients with ocular involvement 
and patients with branch RVO.5,6 Platelet distri-
bution width (PDW) shows alterations in platelet 
size, while plateletcrit (PCT) shows the quantita-
tive abnormalities of platelets. MPV, PDW, and 
PCT are related to platelets’ morphology and 
proliferation kinetics.6

To the best of our knowledge, the platelet activa-
tion parameters including PDW and PCT have 
not been studied in patients with CRVO previ-
ously. The aim of this study is to assess the pos-
sible interrelationships of CRVO with platelet 
indices MPV, PDW, and PCT in order to detect 
subclinical platelet activation.
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Abstract
Purpose: The aim of this article is to determine and compare the platelet activation by three 
main platelet activation parameters: mean platelet volume, platelet distribution width, and 
plateletcrit in patients with central retinal vein occlusion and control subjects.
Methods: This study included 30 patients with nonischemic central retinal vein occlusion 
and 30 control subjects. The levels of mean platelet volume, platelet distribution width, and 
plateletcrit were measured in all groups.
Results: The mean serum level of mean platelet volume was 10.01 ± 0.89 fl in central retinal 
vein occlusion group and 8.74 ± 1.45 fl in control group. The mean serum level of platelet 
distribution width was 14.31 ± 1.49% and 11.65 ± 1.81% in central retinal vein occlusion 
group and control group, respectively. Mean serum plateletcrit value was 0.27 ± 0.07% in 
central retinal vein occlusion group and 0.23 ± 0.07% in control group. Mean platelet volume, 
platelet distribution width, and plateletcrit levels were significantly higher in central retinal 
vein occlusion patients than controls (p < 0.05).
Conclusion: Subclinical platelet activation reflected by mean platelet volume, platelet 
distribution width, and plateletcrit may have an impact on the genesis of vessel occlusion in 
central retinal vein occlusion. The results may be important for the clinical management of 
patients with central retinal vein occlusion.
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Patients and methods
We prospectively evaluated 30 patients with nonis-
chemic CRVO between January 2015 and July 
2017. All procedures adhered to the tenets of the 
Declaration of Helsinki, and local approval was 
received from the Ethical Committee of Ankara 
Diskapi Training and Research Hospital (approval 
number 02.04.18-48/11). The informed consents 
were obtained from each patient after explanation 
of the research purposes. All patients were Turkish 
Caucasians. This study is registered as Australian 
New Zealand Clinical Trials Registry, number 
ACTRN 12618000589280.

The patients were included within two study 
groups based on the findings of clinical ocular 
examination. The first group included 30 newly 
diagnosed acute nonischemic CRVO patients 
(CRVO group) and all the CRVO patients had 
primary hypertension. The second group 
included 30 adult patients serving as controls 
with just history of primary hypertension (con-
trol group). Patients and volunteers with history 
of diabetes mellitus were excluded. There were 
no personal or familial history of thrombotic dis-
ease in the patients and control cases. The 
absence of thrombotic events or a family history 
of thrombosis was confirmed by means of a veri-
fied questionnaire. The patients and control 
cases using any medication including corticos-
teroid, immunosuppressive therapy, and acetyl-
salicylic acid, and having smoking and drinking 
habits, or history of systemic inflammatory and 
ocular disease (i.e. ocular hypertension, glau-
coma), were excluded from the study. All of the 
patients and control subjects had normal liver 
and renal function tests and electrolytes. All 
sampling procedures were performed in the 
morning of 12 h fasting to ensure standardiza-
tion. Blood samples were taken with minimal 

stasis in ethylenediaminetetraacetic acid (EDTA) 
vacutainer tubes and studied within 60 min.

A complete ophthalmological examination includ-
ing the best-corrected visual acuity, intraocular 
pressure measurement with Goldmann applana-
tion tonometry, biomicroscobic examination, 
dilated pupil examination of the posterior segment, 
optic coherence tomography, and fluorescein angi-
ography were performed in all groups. Subclinical 
CRVO was not detected in the control group.

The statistical analysis was performed by a t test; 
any p value < 0.05 was considered statistically 
significant. Differences between two groups for 
ages and sex were evaluated using Mann–Whitney 
U test. All statistics in this study were analyzed 
using SPSS software version 18.0 for Windows 
(SPSS Inc., Chicago, IL, USA).

Results
A total of 60 patients were included into this clini-
cal research. There were 42 men (70%) and 18 
women (30%). The mean age was (mean ± SD) 
63.40 ± 8.14 years in the CRVO group and 
65.2 ± 9.51 years in the control group. There 
was no difference regarding the age and sex of the 
patients in the two studied groups (p = 0.30 and 
p = 0.27) (Table 1).

The mean Snellen best-corrected visual acuity 
was 20/200 (range = 20/800–20/60) in the 
CRVO group. Biochemistry parameters including 
glucose, lipid, and homocysteine values; clotting; 
plasma viscosity; and inflammatory markers were 
normal.

The blood samples showed a significant elevation 
in MPV levels in CRVO patients (p = 0.002), 

Table 1.  Demographic data of the groups and the comparison of platelet parameters (mean ± SD) for two 
groups.

CRVO group (n = 30) Control group (n = 30) p

Age (years) 63.40 ± 8.14 65.26 ± 9.51 0.30

Sex (men/women) 22/8 20/10 0.27

MPV (fl) 10.01 ± 0.89 8.74 ± 1.45 0.002

PDW (%) 14.31 ± 1.49 11.65 ± 1.81 0.001

PCT (%) 0.27 ± 0.07 0.23 ± 0.07 0.03

CRVO, central retinal vein occlusion; MPV, mean platelet volume; PCT, plateletcrit; PDW, platelet distribution width.
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compared with controls. The mean serum level of 
MPV was 10.01 ± 0.89 fl in the CRVO group 
and 8.74 ± 1.45 fl in the control group (Table 1 
and Figure 1).

Increments in the serum level of PDW were 
observed in CRVO patients (p = 0.001) when 
compared with the control group. The mean 
serum level of PDW was 14.31 ± 1.49% in the 
CRVO group and 11.65 ± 1.81% in the control 
group (Table 1 and Figure 1).

The mean PCT level was 0.27 ± 0.07% in CRVO 
patients, and PCT level was significantly higher 
than those in control subjects (0.23 ± 0.07%; 
p = 0.03) (Table 1 and Figure 1).

Discussion
CRVO is a result of multifactorial pathogenesis. 
Four basic pathological processes have been 
described in CRVO including abnormalities in 
the vessel wall (endothelial dysfunction or dam-
age), abnormal hematological factors, abnormal 
blood flow (abnormal rheology), and abnormal 
perivascular status.7

Increased MPV might take a role in the vessel 
occlusion process of RVO. Platelet activation also 
correlated with increased MPV levels. The high 
value of MPV is an indicator of increased throm-
bocyte size. Large platelets are more active, more 

functional, and denser than smaller ones. Thus, 
higher MPV levels may increase the possibility of 
vascular complications.8 Previous studies showed 
that MPV was associated with disorders such as 
coronary and peripheral artery disease, myocar-
dial infarction, and cerebral ischemia.9

PDW is also related to platelet activation and may 
be a more specific marker than MPV because blood 
values of PDW do not increase during simple plate-
let swelling.10 PDW shows variations in platelet size 
that may be an indicator of active platelet release.11 
PDW levels may vary in several conditions, and 
increased levels are observed in sickle cell patients 
with the vaso-occlusive crisis.12 PDW may be a 
more specific marker than MPV to demonstrate 
platelet activation, and increased levels of PDW 
might show impaired deformability of thrombocytes 
and be related with microvascular resistance.10–12 It 
has been suggested that PDW is a specific and sim-
ple marker for coagulation activation.10–12 Thus, 
increased PDW levels could be a risk factor and play 
a role in the pathogenesis of CRVO.

PCT is a marker of blood-circulating platelets in a 
unit volume. PCT detects quantitative abnor-
malities of platelets and is calculated by the 
Platelet × MPV/107 formula.13 Akpinar and col-
leagues14 reported that PCT has a significant pre-
dictive value for saphenous vein graft disease. They 
proposed that it can be used as a marker for anti-
platelet therapy to prevent graft atherosclerosis in 

Figure 1.  The comparison of platelet parameters (mean ± SD) for two groups.
CRVO, central retinal vein occlusion; MPV, mean platelet volume; PCT, plateletcrit; PDW, platelet distribution width.
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patients undergoing bypass surgery. PCT was also 
correlated with the C-reactive protein (CRP) in 
chronic inflammatory diseases.15

Several studies have reported that MPV levels are 
higher in hypertensive patients with no RVO 
diagnosis.5,6,16 In addition, there is also one pub-
lication reporting that MPV is significantly higher 
in hypertensive patients with CRVO than the 
hypertensive control group.17 In this study, con-
trol subjects were randomly selected from hyper-
tensive patients instead of normal healthy 
individuals in order to eliminate the effect of 
hypertension alone on platelet parameters.

In this study, CRVO patients showed significantly 
higher levels of MPV, PDW, and PCT that may 
play role in pathogenesis of CRVO. Increment in 
these platelet parameters may increase activation 
and aggregation of platelets and secretion of vaso-
active mediators such as thromboxane A2 causing 
vasoconstriction, endothelial dysfunction, and 
impaired blood flow, which results in microvascu-
lar occlusion. Some studies have suggested that 
thrombophilic parameters are altered in the 
patients with RVO.16,18 However, to the best of 
our knowledge, MPV, PDW, and PCT have not 
been evaluated previously in the patients with 
CRVO. Kuhli-Hattenbach and colleagues inves-
tigated whether platelet hyperaggregability caused 
by adenosine diphosphate (ADP) was related to 
nonarterial anterior ischemic optic neuropathy 
(NAION) or RVO. They found significantly 
greater platelet aggregation of ADP among 
NAION and RVO patients compared with 
healthy controls.19 MPV values were evaluated in 
RVO patients and retinal artery occlusion patients 
and were found to be high in both diseases. 
Therefore, the authors stated that larger platelets 
may contribute to the pathogenesis of retinal vas-
cular occlusion.20,21 Meyer and colleagues22 
emphasized that COX-2 inhibitors may cause 
prothrombotic effects and patients with predis-
posed thrombosis may be at risk for cardiovascu-
lar and ocular thrombotic events.

Multiple factors come to the fore in the pathogen-
esis of RVO. The mechanical pressure in the lam-
ina cribrosa, hemodynamic disturbances, vessel 
wall alterations, and the changes within the blood 
constituents are possible factors for CRVO.2 
Systemic hypercoagulable factors including platelet 
activity may also impact as a triggering activity. 
Hayreh and colleagues23 investigated routine hema-
tological tests and some specific hematological 

parameters, such as platelet aggregation, anti
thrombin III, and α2 globulin in patients with 
RVO, to investigate hematological abnormalities 
in RVO patients. They showed that various hema-
tological abnormalities can be seen in relation to 
different types of RVOs. They also noted that it is 
not necessary to undergo extensive, expensive, 
specific hematological examinations of all patients 
with RVO, and that routine hematological evalua-
tion was generally sufficient for RVO patients. 
They also emphasized that treatment with antico-
agulants or platelet anti-aggregating agents did 
not have any evidence of protective or beneficial 
effects. In another study, Hayreh and colleagues24 
showed that the use of aspirin, other antiplatelet 
aggregating agents, or anticoagulants had no 
apparent benefit in patients with CRVO and 
hemi-CRVO. However, clinicians should be aware 
of the ongoing subclinical thrombocyte activation 
during the clinical management of the patients 
with CRVO. Another important point is that the 
absence of a personal or familial history of throm-
botic disease in patients and controls does not 
assure that any prothrombotic mutation or abnor-
mality is present (i.e. sporadic mutations).

There are several limitations in this study. Limited 
number of patients is the most important one. 
Second, this study is based on baseline values that 
cannot reflect a patient’s long-term status.

Based on the results of this study, CRVO patients 
have significantly higher serum levels of MPV, 
PDW, and PCT than control subjects. MPV, PDW, 
and PCT seem to play an important role in the gen-
esis of that unique form of CRVO. The platelet 
parameters may be helpful in the diagnosis and pre-
vention of CRVO. The measurements of PDW, 
MPV, and PCT may be useful because the increase 
in these markers indicates platelet activation. The 
results may be important for the clinical manage-
ment of the patients with CRVO in everyday clinical 
practice as those platelet activation parameters can 
be routinely detected in the complete blood count 
analyses. Further large-scale and comprehensive 
studies are needed to support these results.
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