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ORIGINAL ARTICLE

Purpose: The purpose of the study was to evaluate thrombophilic/hypofibrinolytic factors in two ocular vascular patholo-
gies; retinal vein occlusion (RVO) and non-arteritic anterior ischemic optic neuropathy (NAION).
Methods: Prospective study including patients with RVO (n=13), NAION (n=17), and age-sex matched control group (n=14). 
Clinical history for pre-existing hypertension and diabetes mellitus were recorded. Measured serological thrombophilic 
markers included Factor V Leiden (FVL) and methyltetrahydrofolate reductase (MTHFR) C677T mutations. Serum Protein 
C (PC) activity and plasminogen activator inhibitor-1 (PAI-1) levels were also evaluated. P<0.05 was considered statistically 
significant.
Results: There was no statistically significant difference with demographics between groups. FVL mutation was posi-
tive for three patients with RVO (23.1%), two patients with NAION (11.8%), and one subject in the control group (9.1%). 
MTHFR C677T mutation was found in 12 patients with RVO (92.3%), 15 patients with NAION (88.2%), and three subjects 
in the control group (27.3%). Even though there was not a statistically significant difference between RVO and NAION 
groups, this mutation was significantly higher in the patient groups compared to controls (p=0.001). We did not observe 
a statistically significant difference in PC activity levels between groups (p=0.35). Plasma PAI-1 levels were higher in the 
patient groups than the control group, however, the difference was not statistically significant (p=0.168) between any of 
the groups.
Conclusion: MTHFR C677T mutation was more common in both patient groups compared to controls, without a statistically 
significant difference between RVO and NAION groups. PAI-1 levels were also higher in the patient groups; however, the 
difference was not statistically significant. The findings of this study underscore the potential role of genetic and serological 
factors in ocular vascular pathologies. Understanding these associations better could lead to more targeted screening and 
management strategies for patients at risk of ocular vascular disorders. Further studies including larger cohorts are required 
to elucidate possible associations.
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Ocular vascular diseases are common reasons for vision 
impairment, specifically in the elderly population, 

affecting venous and/or arterial circulation. Retinal vein 
occlusion (RVO), the second most common ocular vascular 
pathology after diabetic retinopathy, is associated with risk 
factors such as age, hypertension (HTN), diabetes mellitus 
(DM), hyperlipidemia, and atherosclerosis.[1] Non-arteritic 
ischemic optic neuropathy (NAION), a leading cause of 
sudden vision loss, shares similar predisposing factors with 
RVO, leading to circulatory insufficiency in the optic nerve 
head.[2] However, the role of hypercoagulability in the 
pathogenesis of RVO and NAION is still debatable.[3-8]

Hereditary and environmental factors contribute to 
hypercoagulability with Factor V Leiden (FVL) mutation 
being a common hereditary cause linked to venous and 
arterial thrombosis.[3,4] This mutation causes resistance to 
activated protein C (PC), one of the regulatory enzymes in 
the coagulation cascade, resulting in decreased inactivation 
of factor Va and increased risk of hypercoagulability.[9] PC 
deficiency also increases thrombotic risk by impairing the 
regulation of Factors V and VIII.[7] Methyltetrahydrofolate 
reductase (MTHFR) gene C677T polymorphism is another 
hereditary factor, associated with increased thrombosis 
risk due to hyperhomocysteinemia.[5,6] Conversely, 
elevated levels of plasminogen activator inhibitor-1 (PAI-1), 
the main enzyme responsible for inhibition of fibrinolysis, 
are associated with an increased risk of thromboembolism.
[8] Given their functional impact and potential for 
affecting the fellow eye, we aimed to identify common 
hypercoagulability factors in RVO and NAION, ocular 
vascular pathologies with different underlying origins.

Materials and Methods 
Participants in this prospective study comprised individuals 
seen at the Department of Ophthalmology, Eskişehir 
Osmangazi University School of Medicine between January 
and October 2015. Informed consent was obtained from 
all participants. The study was approved by the Ethics 
Committee of Eskişehir Osmangazi University (8558721/290) 
and adhered to the tenants of Helsinki declaration. Inclusion 
criteria were; patients >18 years of age and diagnosed with 
RVO (branch RVO [BRVO] or central RVO [CRVO]) or NAION 
within 2 weeks of initiation of symptoms. Control group 
was selected from age-sex-matched individuals without 
any known retinal and/or optic nerve pathology. Exclusion 
criteria for all groups included; previous diagnosis of RVO 
and/or NAION, symptoms longer than 2 weeks, diagnosis of 
any known malignancy, and active infection. For diagnostic 
purposes, all participants received ocular examination 

including; best correct visual acuity, anterior segment and 
dilated fundus examinations, and intraocular pressure 
measurements. In aid of ION diagnosis, patients were also 
evaluated for relative afferent pupillary defect and color 
vision. Bloodwork was performed for total blood count, 
FVL and MTHFR C677T mutations, serum PC activity, and 
PAI-1 levels. In addition, erythrocyte sedimentation rate 
and C-reactive protein values were also assessed to rule out 
arteritic ION. PAI-1 levels were measured using Affymetrix 
Human PAI-1 Platinum enzyme-linked immunosorbent 
assay BMS2033/from eBioscience 26 BMS2033TEN branded 
kits purchased via Eskisehir Osmangazi University scientific 
research project (BAP no: 201411D25) funding with 
contribution of Department of Medical Biology. Samples were 
run in duplicate for verification purposes, using the Thermo 
brand Multiskan tmGO Microplate Spectrophotometer 
available at the Department of Medical Biology. Microplates 
were prepared according to the manufacturer’s guidelines 
and the absorbance levels read at 450 nm wavelength on 
the spectrophotometer were presented as ng/mL.

Statistical Analysis
Descriptive statistical analysis was performed with IBM 
Statistical Package for the Social Sciences (SPSS) Statistics 
21.0 (IBM Corp. released 2012. IBM SPSS Statistics for 
Windows, Version 21.0 Armonk, NY: IBM Corp.). The 
distribution of continuous variables was tested using 
Shapiro–Wilk, while categorical variables were analyzed 
by Fisher’s Exact Chi-square test. Normally distributed 
variables were compared by analysis of variance and 
Kruskal–Wallis test was used to analyze variables without 
normal distribution. P<0.05 was considered statistically 
significant.

Results
Of the 13 patients with RVO (n=8 BRVO and n=5 CRVO), 
17 patients with NAION and 14 controls, 26 (59.1%) were 
male and there was no statistically significant difference 
between groups (p=0.528) (Table 1). Mean age of the total 
participants was 59.7±12.1 (range: 37–79) and 58.1±12.5 

Table 1. Distribution of gender within groups, presented as 
number of patients (n) and percentage (%)

Group RVO (%) NAION (%) Control (%) Total (%) p

Male 6 (46.2) 11 (64.7) 9 (64.3) 26 (59.1) 0.528
Female 7 (53.8) 6 (35.3) 5 (35.7) 18 (40.9) 
Total 13 (100) 17 (100) 14 (100) 44 (100) 

RVO: Retinal vein occlusion; NAION: Non-arteritic ischemic optic neuropathy.
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in the RVO group, 57.2±11.4 in the NAION group, and 
64.1±12.2 in the control group. There was no statistically 
significant difference between means of age between 
groups (p=0.668) (Table 2).

HTN was reported in five out of 13 (45.5%) RVO and nine out 
of 17 (52.9%) NAION patients. In the control group, seven 
participants (53.8%) had HTN. DM was present in 1 out 
of 13 (9.1%) RVO patients, eight out of 17 (47.1%) NAION 
patients, and two out of 13 (15.4%) controls. Even though 
DM was more common in the NAION group, we did not 
find a statistically significant difference between groups for 
HTN and DM (p=0.904 and p=0.620, respectively) (Table 3).

FVL mutation did not present a statistically significant 
difference between any of the groups (p=0.628) and was 
detected in three out of 13 (23.1%) RVO, two out of 17 
(11.8%) NAION, and one out of 11 (9.1%) controls. On the 
other hand, MTHFR C677T mutation was presented in 12 out 
of 13 (92.3%) RVO and 15 out of 17 (88.2%) NAION patients 
and was considered statistically significant for patient groups 
when compared to controls (p=0.001) (Table 4).

PC activity was evaluated according to decreased, normal, 
and increased activity (N: 70–130%). PC activity was reduced 
in five out of 13 (38.5%) RVO patients, four out of 17 (23.5%) 
NAION patients, and one out of 12 (8.3%) controls. There 
was no statistically significant difference between groups 
(p=0.350) (Table 5).

Mean PAI-1 levels were found to be 1172.40 ng/mL 

(±1050.07) for RVO patients, 946.60 ng/mL (±662.50) 
for NAION patients and 626.20 ng/mL (±367.60) for 
controls. Even though plasma PAI-1 levels were increased 
in both NAION and RVO groups compared to controls, 
all groups presented within the normal range and there 
was no statistically significant difference between groups 
(p=0.168).

Discussion
In this prospective study, we evaluated hypercoagulability 
in two pathologies of venous and arterial vascular origin of 
the eye. Pathophysiology of RVO is thought to be similar 
to venous thrombosis elsewhere in the body including 
endothelial injury, hypercoagulability, and stasis (Virchow 
triad).[10] Whereas NAION is considered to be caused by 
transient hypoperfusion/infarct, or in rare occurrences due 
to embolism, of the optic nerve head circulation specifically 
short posterior ciliary arteries.[10,11] The association 
with vasculopathic systemic diseases (i.e., HTN, DM, and 
hyperlipidemia) has been well-established for both RVO 
and NAION.[12-15] However, there are still conflicting results 
when it comes to the possible role of thrombophilic factor 
in the pathogenesis.

FVL is the most common hereditary cause of thrombophilia 
and has been detected in 15–20% of patients who present 
with first episode of deep venous thrombosis and around 

Table 2. Distribution of age within groups, presented as num-
ber of patients (n) and percentage (%)

Group RVO (%) NAION (%) Control (%) Total (%) p

<50 years 2 (15.4) 5 (29.4) 3 (21.4) 10 (22.7) 0.668 
of age
≥50 years 11 (84.6) 12 (70.6) 11 (78.6) 34 (77.3) 
of age
Total 13 (100) 17 (100) 14 (100) 44 (100)

RVO: Retinal vein occlusion; NAION: Non-arteritic ischemic optic neuropathy.

Table 3. Distribution of HTN and DM within groups, pre-
sented as number of patients (n) and percentage (%)

Group RVO (%) NAION (%) Control (%) Total (%) p

HTN 5 (45.5) 9 (52.9) 7 (53.8) 21 (51.2) 0.904
DM 1 (9.1) 8 (47.1) 2 (15.4) 11 (26.8) 0.620
Total 13 (100) 17 (100) 14 (100) 44 (100) 

RVO: Retinal vein occlusion; NAION: Non-arteritic ischemic optic neuropathy; HTN: 

Hypertension; DM: Diabetes mellitus.

Table 4. Distribution of FVL and MTHFR C677T mutations 
within groups, presented as number of patients (n) 
and percentage (%)

Group RVO (%) NAION (%) Control (%) Total (%) p

FVL 3 (23.1) 2 (11.8) 1 (9.1) 6 (14.6) 0.628
MTHFR 12 (92.3) 15 (88.2) 3 (27.3) 30 (73.2) 0.001*
Total 13 (100) 17 (100) 11 (100) 41 (100) 

RVO: Retinal vein occlusion; NAION: Non-arteritic ischemic optic neuropathy; FVL: 
Factor V Leiden; MTHFR: Methyltetrahydrofolate reductase. *Indicates statistical sig-
nificance.

Table 5. Distribution of Protein C activity levels (%) within 
groups, presented as number of patients (n) and 
percentage (%)

Group (%) RVO (%) NAION (%) Control (%) Total (%) p

<70 5 (38.5) 4 (23.5) 1 (8.3) 10 (23.8) 0.350
70–130 7 (53.8) 13 (76.5) 10 (83.3) 30 (71.4) 
>130 1 (7.7) 0 (0.0) 1 (8.3) 2 (4.8) 
Total 13 (100) 17 (100) 12 (100) 42 (100) 

RVO: Retinal vein occlusion; NAION: Non-arteritic ischemic optic neuropathy.
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50% of patients with recurrent venous thrombosis.[16] This 
mutation has also been subject to a number of studies 
investigating its role on the risk of RVO and NAION.[3,17-20] 
Most of these studies did not report any association with 
FVL mutation and an increased risk of RVO or NAION.[19,21,22] 
In line with these reports, our study also did not yield a 
difference between the patient groups and the control 
group. There were only two patients in the RVO group, three 
patients in the NAION group, and one individual with FVL 
mutation in the control group (p=0.628). On the contrary, 
there are also multiple studies and case reports, describing 
FVL as a risk factor specifically in patients without any other 
predisposing causes and younger individuals.[19,23-25] Some 
of these case studies also report concurrent involvement 
of arterial and venous pathways.[26,27] Mahmoud et al. 
identified heterozygous FVL mutation in a young female 
patient who presented with simultaneous CRVO, NAION, 
and branch retinal artery occlusion.[26] Similarly, Lemos 
et al. also described a case of combined retinal artery and 
venous thrombosis in a patient with FVL mutation.[27] These 
inconsistent results still warrant further investigations with 
larger cohorts to elucidate the possible association of FVL 
and ocular occlusive pathologies.

Similar to that of FVL, there are also many conflicting 
reports for MTHFR mutation.[21-23,28] In our study, MTHFR 
C677T mutation was more frequent in both RVO and 
NAION patient groups compared to controls and the 
difference was statistically significant (p=0.001). This result 
is comparable to that of Ferrazzi et al. where the MTHFR 
mutation was more common in RVO patients however, was 
not recognized as a certain risk factor.[29] Another study by 
Glueck et al. showed a similar association between NAION 
and MTHFR C677T mutation in a small sample size of 12 
patients and 36 controls.[30] In contrast, there are numerous 
studies reporting a lack of direct association between 
MTHFR mutation and RVO or NAION. These studies describe 
elevated levels of homocysteine (hyperhomocysteinemia), 
a metabolite of methionine amino acid regulated by 
MTHFR enzyme, as a risk factor for these vascular occlusive 
diseases.[21,31-34] Even though MTHFR enzyme is a part of 
the homocysteine-methionine cycle, this hypercoagulative 
effect of hyperhomocysteinemia independent from 
the presence of MTHFR mutation, is speculated to be 
influenced by other confounding factors in the cycle; folate 
and Vitamin B12.[32,35] The lack of homocysteine levels can 
be considered a limitation of this current study, however 
higher frequency of MTHFR C677T mutation in our patient 
groups is similar to current literature.

While clinically significant PC deficiency is rare (1 in 

20.000 individuals), the incidence of mild deficiency is 
considerably higher (1 in 200–500 individuals).[36] Even 
though PC deficiency is related to thromboembolism in 
significantly deficient individuals, the risk is reported to 
be higher in patients presenting with other predisposing 
factors such as; immobility, pregnancy, or surgery.[37] There 
are only a few case reports describing PC deficiency as a 
potential risk factor for RVO and NAION.[38-40] In general, 
more recent studies with larger sample sizes do not report 
a similar association between PC deficiency and RVO or 
NAION.[20,41-43] In line with these more current reports, 
there was no statistically significant difference between 
groups in our prospective study.

PAI-1 is a major inhibitor of fibrinolysis and high levels of 
PAI-1 activity have been associated with an increased risk 
of coronary disease, stroke, and thromboembolism due to 
hypofibrinolysis.[8] Even though there are several studies 
investigating the PAI-1 polymorphisms (4G/4G and 4G/5G) 
as a risk factor for RVO and NAION, most of these studies 
did not report PAI-1 levels.[22,44-47] Thus, there is limited 
data for the association of PAI-1 levels and RVO and even 
less data about the relationship between PAI-1 and NAION. 
While both Glueck et al. and Prisco et al. showed that high 
levels of PAI-1 were an independent risk factor for RVO, 
there has only been a single case report associated with 
high PAI-1 levels in a patient with NAION that presented 
concurrently with CRVO, to the best of our knowledge.
[5,48,49] In this current study, while PAI-1 levels were higher 
in both RVO and NAION groups, the difference did not 
reach statistical significance, which may be attributed to 
the small sample size.

Age is another significant contributor to both 
pathologies and has been extensively researched in large 
epidemiological studies. The Beaver Dam Eye Study, a 
landmark epidemiological study, concluded that while the 
incidence of BRVO/CRVO increased with age, there was 
no statistically significant difference in the frequency of 
the disease between male and female participants.[13] In 
another study evaluating 1229 patients with BRVO/CRVO, 
Hayreh et al. observed that 51% of the patients were aged 
65 and above.[12] Similarly, another study by Hayreh found 
that the incidence of NAION was 11% in patients under the 
age of 45, 49% between the ages of 45 and 65, and 40% 
in those aged 65 and above. In our study, while there was 
no difference in the mean age between groups, 84.6% 
(n=11) of patients with RVO and 70.6% (n=12) of patients 
with NAION were over the age of 50.[11] Considering the 
effects of aging on the vascular system, it is notable that 
the incidence of both pathologies increase with older 
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ages. However, it should not be forgotten that various 
predisposing factors including DM, HT, and thrombophilic 
diseases may lead to encountering these conditions at 
earlier ages as well.

Study Limitations
A small number of participants in each group and also lack 
of homocysteine levels and PAI-1 polymorphisms can be 
considered as major limitations of this current study.

Conclusion
In this prospective study, MTHFR C677T mutation was the 
only thrombophilic etiology more frequent in RVO and 
NAION patients compared to controls. Even though PAI-1 
levels were also higher in these groups, the difference did 
not reach statistical significance. The role of thrombophilic 
factors in ocular vascular diseases still remains controversial 
and further studies with larger cohorts are necessary to 
clarify these associations.

Ethics Committee Approval: This study was approved by 
Eskisehir Osmangazi University Faculty of Medicine Ethics 
Committee (November 24, 2014; IRB number: 80558721/290).

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: N.D.K., D.T.C., A.M., A.O.; 
Design: N.D.K., D.T.C., A.M., A.O.; Supervision: N.D.K., D.T.C., A.M., 
A.O.; Resource: N.D.K.; Materials: N.D.K., D.T.C.; Data Collection 
and/or Processing: N.D.K., A.O.; Analysis and/or Interpretation: 
N.D.K., D.T.C., A.M.; Literature Search: N.D.K.; Writing: N.D.K.; 
Critical Reviews: A.O.

Conflict of Interest: None declared.

Use of AI for Writing Assistance: Not declared.
Financial Disclosure: The authors declared that this study 
received no financial support.

References
1. Laouri M, Chen E, Looman M, Gallagher M. The burden of 

disease of retinal vein occlusion: Review of the literature. Eye 
(Lond) 2011;25:981-8. [CrossRef ]

2. Berry S, Lin WV, Sadaka A, Lee AG. Nonarteritic anterior 
ischemic optic neuropathy: Cause, effect, and management. 
Eye Brain 2017;9:23-8. [CrossRef ]

3. Billoir P, Duflot T, Fresel M, Chrétien MH, Barbay V, Le Cam 
Duchez V. Thrombin generation profile in non-thrombotic 
factor V Leiden carriers. J Thromb Thrombolysis 2019;47:473-
7. [CrossRef ]

4. Eppenberger D, Nilius H, Anagnostelis B, Huber CA, Nagler M. 
Current knowledge on factor V leiden mutation as a risk factor 
for recurrent venous thromboembolism: A systematic review 
and meta-analysis. Front Cardiovasc Med 2022;9:883986. 

[CrossRef ]

5. Prisco D, Marcucci R, Bertini L, Gori AM. Cardiovascular and 
thrombophilic risk factors for central retinal vein occlusion. 
Eur J Intern Med 2002;13:163-9. [CrossRef ]

6. Cirstoveanu C, Calin N, Heriseanu C, Filip C, Vasile CM, 
Margarint I, et al. Consistent Correlation between MTHFR 
and vascular thrombosis in neonates-case series and clinical 
considerations. J Clin Med 2023;12:4856. [CrossRef ]

7. Maqbool S, Rastogi V, Seth A, Singh S, Kumar V, Mustaqueem 
A. Protein-C deficiency presenting as pulmonary embolism 
and myocardial infarction in the same patient. Thromb J 
2013;11:19. [CrossRef ]

8. Frischmuth T, Hindberg K, Aukrust P, Ueland T, Braekkan 
SK, Hansen JB, et al. Elevated plasma levels of plasminogen 
activator inhibitor-1 are associated with risk of future incident 
venous thromboembolism. J Thromb Haemost 2022;20:1618-
26. [CrossRef ]

9. Van Cott EM, Khor B, Zehnder JL. Factor V leiden. Am J Hematol 
2016;91:46-9. [CrossRef ]

10. Kolar P. Risk factors for central and branch retinal vein 
occlusion: A meta-analysis of published clinical data. J 
Ophthalmol 2014;2014:724780. [CrossRef ]

11. Hayreh SS. Management of ischemic optic neuropathies. 
Indian J Ophthalmol 2011;59:123-36. [CrossRef ]

12. Hayreh SS, Zimmerman B, McCarthy MJ, Podhajsky P. 
Systemic diseases associated with various types of retinal vein 
occlusion. Am J Ophthalmol 2001;131:61-77. [CrossRef ]

13. Klein R, Klein BE, Moss SE, Meuer SM. The epidemiology of 
retinal vein occlusion: The beaver dam eye study. Trans Am 
Ophthalmol Soc 2000;98:133-41, discussion 141-3.

14. Liu B, Yu Y, Liu W, Deng T, Xiang D. Risk factors for non-arteritic 
anterior ischemic optic neuropathy: A large scale meta-
analysis. Front Med (Lausanne) 2021;8:618353. [CrossRef ]

15. Miller NR, Arnold AC. Current concepts in the diagnosis, 
pathogenesis and management of nonarteritic anterior 
ischaemic optic neuropathy. Eye (Lond) 2015;29:65-79. 
[CrossRef ]

16. Kujovich JL. Factor V Leiden thrombophilia. Genet Med 
2011;13:1-16. [CrossRef ]

17. Nema N, Verma S, Kumar R. Investigation of 
methylenetetrahydrofolate reductase C677T and factor V 
Leiden mutation as a genetic marker for retinal vein occlusion. 
Taiwan J Ophthalmol 2018;8:99-103. [CrossRef ]

18. Cruciani F, Moramarco A, Curto T, Labate A, Recupero V, Conti 
L, et al. MTHFR C677T mutation, factor II G20210A mutation 
and factor V Leiden as risks factor for youth retinal vein 
occlusion. Clin Ter 2003;154:299-303.

19. Nagy V, Facsko A, Takacs L, Balazs E, Berta A, Balogh I, et al. 
Activated protein C resistance in anterior ischaemic optic 
neuropathy. Acta Ophthalmol Scand 2004;82:140-3. [CrossRef ]

20. Salomon O, Huna-Baron R, Kurtz S, Steinberg DM, Moisseiev 
J, Rosenberg N, et al. Analysis of prothrombotic and vascular 
risk factors in patients with nonarteritic anterior ischemic 
optic neuropathy. Ophthalmology 1999;106:739-42. [CrossRef ]

https://doi.org/10.1038/eye.2011.92
https://doi.org/10.2147/EB.S125311
https://doi.org/10.1007/s11239-019-01821-0
https://doi.org/10.3389/fcvm.2022.883986
https://doi.org/10.1016/S0953-6205(02)00025-0
https://doi.org/10.3390/jcm12144856
https://doi.org/10.1186/1477-9560-11-19
https://doi.org/10.1111/jth.15701
https://doi.org/10.1002/ajh.24222
https://doi.org/10.1155/2014/724780
https://doi.org/10.4103/0301-4738.77024
https://doi.org/10.1016/S0002-9394(00)00709-1
https://doi.org/10.3389/fmed.2021.618353
https://doi.org/10.1038/eye.2014.144
https://doi.org/10.1097/GIM.0b013e3181faa0f2
https://doi.org/10.4103/tjo.tjo_43_17
https://doi.org/10.1111/j.1600-0420.2004.00226.x
https://doi.org/10.1016/S0161-6420(99)90159-8


192 European Eye Research

21. Koylu MT, Kucukevcilioglu M, Erdurman FC, Durukan AH, 
Sobacı G, Torun D, et al. Association of retinal vein occlusion, 
homocysteine, and the thrombophilic mutations in a 
Turkish population: A case-control study. Ophthalmic Genet 
2017;38:352-6. [CrossRef ]

22. Russo PD, Damante G, Pasca S, Turello M, Barillari G. 
Thrombophilic mutations as risk factor for retinal vein 
occlusion: A case-control study. Clin Appl Thromb Hemost 
2015;21:373-7. [CrossRef ]

23. Yioti GG, Panagiotou OA, Vartholomatos GA, Kolaitis NI, Pappa 
CN, Evangelou E, et al. Genetic polymorphisms associated 
with retinal vein occlusion: A Greek case-control study and 
meta-analysis. Ophthalmic Genet 2013;34:130-9. [CrossRef ]

24. Srinivasan S, Fern A, Watson WH, McColl MD. Reversal of 
nonarteritic anterior ischemic optic neuropathy associated 
with coexisting primary antiphospholipid syndrome and 
Factor V Leiden mutation. Am J Ophthalmol 2001;131:671-3. 
[CrossRef ]

25. Rehak M, Krcova V, Slavik L, Fric E, Langova K, Ulehlova J, et 
al. The role of thrombophilia in patients with retinal vein 
occlusion and no systemic risk factors. Can J Ophthalmol 
2010;45:171-5. [CrossRef ]

26. Mahmoud A, Khairallah M, Amor HH, Lahdhiri MH, Abroug 
N, Messaoud R, et al. Heterozygous factor V Leiden mutation 
manifesting with combined central retinal vein occlusion, 
cilioretinal artery occlusion, branch retinal artery occlusion, 
and anterior ischaemic optic neuropathy: A case report. BMC 
Ophthalmol 2022;22:55. [CrossRef ]

27. Lemos JA, Teixeira C, Carvalho R, Fernandes T. Combined 
central retinal artery and vein occlusion associated with factor 
V leiden mutation and treated with hyperbaric oxygen. Case 
Rep Ophthalmol 2015;6:462-8. [CrossRef ]

28. Felekis T, Kolaitis NI, Kitsos G, Vartholomatos G, Bourantas KL, 
Asproudis I. Thrombophilic risk factors in the pathogenesis 
of non-arteritic anterior ischemic optic neuropathy patients. 
Graefes Arch Clin Exp Ophthalmol 2010;248:877-84. [CrossRef ]

29. Ferrazzi P, Di Micco P, Quaglia I, Rossi LS, Bellatorre AG, Gaspari 
G, et al. Homocysteine, MTHFR C677T gene polymorphism, 
folic acid and vitamin B 12 in patients with retinal vein 
occlusion. Thromb J 2005;3:13. [CrossRef ]

30. Glueck CJ, Wang P, Bell H, Rangaraj V, Goldenberg N. 
Nonarteritic anterior ischemic optic neuropathy: Associations 
with homozygosity for the C677T methylenetetrahydrofolate 
reductase mutation. J Lab Clin Med 2004;143:184-92. [CrossRef ]

31. Janssen MC, Den Heijer M, Cruysberg JR, Wollersheim H, 
Bredie SJ. Retinal vein occlusion: A form of venous thrombosis 
or a complication of atherosclerosis? A meta-analysis of 
thrombophilic factors. Thromb Haemost 2005;93:1021-6. 
[CrossRef ]

32. Weger M, Stanger O, Deutschmann H, Simon M, Renner W, 
Schmut O, et al. Hyperhomocyst(e)inaemia, but not MTHFR 
C677T mutation, as a risk factor for non-arteritic ischaemic 
optic neuropathy. Br J Ophthalmol 2001;85:803-6. [CrossRef ]

33. Giambene B, Sodi A, Sofi F, Marcucci R, Fedi S, Abbate R, et 
al. Evaluation of traditional and emerging cardiovascular risk 
factors in patients with non-arteritic anterior ischemic optic 
neuropathy: A case-control study. Graefes Arch Clin Exp 

Ophthalmol 2009;247:693-7. [CrossRef ]

34. Miyaki K. Genetic polymorphisms in homocysteine 
metabolism and response to folate intake: A comprehensive 
strategy to elucidate useful genetic information. J Epidemiol 
2010;20:266-70. [CrossRef ]

35. Fernández-Vega B, Álvarez L, García M, Artime E, Diñeiro Soto 
M, Nicieza J, et al. Association study of MTHFR polymorphisms 
with nonarteritic anterior ischemic optic neuropathy in a 
Spanish population. Biomed Hub 2020;5:34-46.[CrossRef ]

36. Gupta AP, Patibandla S. Protein C Deficiency. In: StatPearls. 
Treasure Island, FL: StatPearls Publishing; 2023. Available 
from: https://www.ncbi.nlm.nih.gov/books/NBK542222. 
Accessed Sep 13, 2024.

37. Dinarvand P, Moser KA. Protein C deficiency. Arch Pathol Lab 
Med 2019;143:1281-5.[CrossRef ]

38. Desai S, Rai N, Kulkarni P, Natarajan S. Combined CRVO with 
CRAO in a patient with protein C deficiency. Retin Cases Brief 
Rep 2014;8:145-9. [CrossRef ]

39. Acheson JF, Sanders MD. Coagulation abnormalities in 
ischaemic optic neuropathy. Eye (Lond) 1994;8:89-92. [CrossRef ]

40. Bertram B, Remky A, Arend O, Wolf S, Reim M. Protein C, protein 
S, and antithrombin III in acute ocular occlusive diseases. Ger J 
Ophthalmol 1995;4:332-5.

41. Ahluwalia J, Rao S, Varma S, Gupta A, Bose S, Masih J, et al. 
Thrombophilic risk factors are uncommon in young patients 
with retinal vein occlusion. Retina 2015;35:715-9. [CrossRef ]

42. Risse F, Frank RD, Weinberger AW. Thrombophilia in patients 
with retinal vein occlusion: A retrospective analysis. 
Ophthalmologica 2014;232:46-52. [CrossRef ]

43. Nagy V, Steiber Z, Takacs L, Vereb G, Berta A, Bereczky Z, et 
al. Trombophilic screening for nonarteritic anterior ischemic 
optic neuropathy. Graefes Arch Clin Exp Ophthalmol 
2006;244:3-8. [CrossRef ]

 44. Kuhli-Hattenbach C, Hellstern P, Nägler DK, Kohnen T, 
Hattenbach LO. Prothrombin polymorphism A19911G, 
factor V HR2 haplotype A4070G, and plasminogen activator-
inhibitor-1 polymorphism 4G/5G and the risk of retinal vein 
occlusion. Ophthalmic Genet 2017;38:413-7. [CrossRef ]

45. Romiti GF, Corica B, Borgi M, Visioli G, Pacella E, Cangemi R, et 
al. Inherited and acquired thrombophilia in adults with retinal 
vascular occlusion: A systematic review and meta-analysis. J 
Thromb Haemost. 2020;18:3249-66. [CrossRef ]

46. Zotz RB, Finger C, Gerhardt A, Scharf RE. Risk determinants 
of nonarteritic ischemic optic neuropathy (NAION). Blood 
2008;112:5349-9. [CrossRef ]

47. Titlic M, Karaman K, Andelinovic S. Anterior ischemic optic 
neuropathy comorbid with Factor V Leiden and PAI-1 4G/5G 
mutation. Bratisl Lek Listy 2009;110:192-4.

48. Glueck CJ, Bell H, Vadlamani L, Gupta A, Fontaine RN, Wang 
P, et al. Heritable thrombophilia and hypofibrinolysis. 
Possible causes of retinal vein occlusion. Arch Ophthalmol 
1999;117:43-9. [CrossRef ]

49. Abu El-Asrar AM, Abdel Gader AG, Al-Amro S, Al-Momem AK. 
Fibrinolytic activity in retinal vein occlusion. Int Ophthalmol 
1997;21:343-8.[CrossRef ]

https://doi.org/10.1080/13816810.2016.1235716
https://doi.org/10.1177/1076029614522544
https://doi.org/10.3109/13816810.2012.746376
https://doi.org/10.1016/S0002-9394(00)00873-4
https://doi.org/10.3129/i09-273
https://doi.org/10.1186/s12886-022-02278-1
https://doi.org/10.1159/000442788
https://doi.org/10.1007/s00417-010-1308-y
https://doi.org/10.1186/1477-9560-3-13
https://doi.org/10.1016/j.lab.2003.10.015
https://doi.org/10.1160/TH04-11-0768
https://doi.org/10.1136/bjo.85.7.803
https://doi.org/10.1007/s00417-008-0981-6
https://doi.org/10.2188/jea.JE20100042
https://doi.org/10.1159/000505431
https://doi.org/10.5858/arpa.2017-0403-RS
https://doi.org/10.5858/arpa.2017-0403-RS
https://doi.org/10.1038/eye.1994.17
https://doi.org/10.1097/IAE.0000000000000366
https://doi.org/10.1159/000360013
https://doi.org/10.1007/s00417-005-1154-5
https://doi.org/10.1080/13816810.2016.1244694
https://doi.org/10.1111/jth.15068
https://doi.org/10.1182/blood.V112.11.5349.5349
https://doi.org/10.1001/archopht.117.1.43
https://doi.org/10.1023/A:1005835013581

