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Effects of Common Thrombophilia Factor Mutations in
Central Retinal Vein Occlusion
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Abstract

Objectives: Central retinal vein occlusion (CRVO) is a severe eye disease that impairs vision. Although numerous sys-
temic conditions have been reported to be a contributor, its exact pathophysiology has not yet been resolved. The pur-
pose of this study was to study the role of some common thrombophilic polymorphisms in CRVO patients.

Methods: A total of 33 CRVO patients (25 non-ischemic CRVO and 8 ischemic CRVO) and 30 controls were recruited.
Factor V Leiden (G1691A), prothrombin (Factor Il G20210A), MTHFR (C677T), MTHFR (A1298C), and PAI-I 5G/4G
polymorphisms in venous blood DNA samples were examined, as well as the presence of hypertension, diabetes mellitus,
glaucoma, smoking, and history of thrombosis.

Results: It was determined that MTHFR C677T polymorphisms, either in heterozygous or homozygous form, might be a
risk factor for CRVO and systemic thrombosis. No differences were detected between the CRVO and control groups in
terms of diabetes mellitus (p=0.058>0.05), hypertension (p=0.3>0.05), smoking (p=0.923>0.05), glaucoma (p=0.06>0.05)
or use of anticoagulant drugs (p=0.4>0.05). Analysis of patient history revealed a statistically significant difference re-
garding a thrombotic event in the medical history of the CRVO group (p=0.001<0.05; n=4) versus the control group.
The ischemic CRVO group had a significantly higher incidence of diabetes mellitus (p=0.002<0.05) and hypertension
(p=0.031<0.05) than the non-ischemic CRVO group.

Conclusion: The MTHFR C677T mutation appears to be a risk factor for CRVO but factor V Leiden (G1691A), pro-
thrombin (Factor I G20210A), MTHFR (A1298C), and PAI-1 5G/4G mutations were not determined to be specifically
related to CRVO in this study. The presence of diabetes mellitus and hypertension was significant in the ischemic CRVO
group. Further studies with larger sample sizes should be conducted.

Keywords: Central retinal vein occlusion; factor V Leiden (GI691A); hereditary thrombophilia; MTHFR (A1298C);
MTHFR (C677T); PAI-1 5G/4G; prothrombin (Factor Il G20210A).

Introduction vein occlusion. If obstruction of one of the dual trunks (i.e.,

Retinal vein occlusion (RVO) is the clogging of veins that involvement of only half of the retina surface) of the central

surround the retina. It is the second most common retinal
vascular disorder after diabetic retinopathy. The outcomes
of RVO can be severe, as it is one of the primary reasons for
painless loss of vision or visual impairment (). RVO can pri-
marily be classified as branch retinal vein occlusion (BRVO)
or central retinal vein occlusion (CRVO). Sometimes RVO
may involve half of the fundus, which is known as hemiretinal

retinal vein is observed, this anomaly is called hemicentral
RVO, and obstruction of a significant branch of the central
retinal vein at or near the optic disc is called hemispheric
RVO (2). RVO is also classified as ischemic or non-ischemic
occlusion, depending on the degree of non-perfusion based
on a fluorescein angiogram (2). In the medical literature,
sometimes cases of CRVO, BRVO, or even hemi-CRVO have
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been generalized under the name of RVO without considering
the distinct characteristics of each variation. This is misleading,
since there are substantial differences that affect the treat-
ment approach (2, 3). For instance, BRVO is 4 to 6 times more
prevalent than CRVO (4) since the worldwide prevalence of
RVO is 0.052% for any RVO, 0.042% for BRVO, and 0.008%
for CRVO (5). CRVO in young adults is uncommon; only 10%
to 15% of patients with CRVO are under 40 years of age (6).
Furthermore, the occlusion patterns of BRYO and CRVO are
entirely dissimilar. In BRVO, a branch of the retinal vein sys-
tem is occluded at the crossing of an artery and a vein. In
CRVO, however, the occlusion is in the central vein that from
a thrombus at the level of the lamina cribrosa, thus leading to
obstruction of the total blood supply of the retina, causing
retinal ischemia and edema plus decreased visual acuity. The
pathological role of this point is not a coincidence: (a) as aging
occurs, the lamina cribrosa's wall loses its elasticity, causing
a compression of the vascular wall; (b) other degenerative
processes, like those arising from the central retinal artery
may cause compression on the contiguous venous wall; (c)
the resulting turbulent flow disturbs the hemodynamics and
of endoluminal thrombus formation (7).

The exact pathogenesis and ideal targeted treatments for
CRVO remain unknown (7, 8). However, for all types of RVO,
advanced patient age, chronic glaucoma, atherosclerotic risk
factors (age, diabetes, and hypertension), hyperviscosity, co-
agulopathy, smoking, and migraine are predisposing conditions
that may also be valid for CRVO (7, 8). CRVO can occur as a
result of various pathological insults, including compression of
the vein (mechanical pressure due to arteriosclerotic changes
in the central retinal artery and/or structural changes in the
lamina cribrosa), hemodynamic disturbances (associated with
hyperdynamic or sluggish circulation), vasculitis (e.g., sarcoido-
sis), and changes in coagulating factors in the blood (e.g., de-
ficiency of thrombolytic factors, increase in clotting factors).
According to many researchers, CRVO can be considered a
multifactorial pathological condition that corresponds to Vir-
chow's triad (hemodynamic changes/venous stasis, degenera-
tive changes of the vessel wall, and blood hypercoagulability)
(8) with other contributing systemic factors (7). Among the
elements of Virchow's triad, the contribution of thrombo-
genesis or hypercoagulability of blood has not been as well
investigated as the other 2 two factors. Therefore, the contri-
bution of various hematological abnormalities to the etiology,
pathogenicity, and treatment of CRVO remains unclear and
there are contrasting clinical results (6-8, 10).

Early recognition and treatment are essential to avoid
potentially significant visual morbidity due to CRVO (11).
Each contributing factor to CRVO pathology should be in-
vestigated. Given the conflicting findings and misgrouping of
CRVO under RVO in most medical literature, the objective

of this study was to perform a retrospective analysis of fac-
tor V Leiden (G1691A), prothrombin (Factor 1) G2021 | 0A,
MTHFR (C677T), MTHFR (A1298C), and PAI-1 5G/4G mu-
tations in CRVO patients and matched non-CRVO controls.
To the best of our knowledge, this is the first study in the
literature that focuses explicitly on CRVO and the contribu-
tion of hypercoagulative factors in a Turkish patient group.

Methods

This retrospective study was approved by the biomedical
ethics committee of Yuksek lhtisas Training Research Hospi-
tal, Bursa, Turkey. The study included patients examined
between January 2015 and January 2017, and their data
were retrospectively evaluated according to the principles
of the Declaration of Helsinki. The patients were informed
about treatment options and possible complications. Writ-
ten, informed consent was obtained from the patients to
use venous blood for genotyping and the collection of rel-
evant health data in this research. The relevant data were
restricted to details of hypertension, diabetes mellitus, glau-
coma, smoking, and history of thrombosis.

Dilated retinal examination and fundus fluorescence an-
giography were performed. Fundus fluorescein angiography
(FFA) and optical coherence tomography (OCT) findings
were recorded for differentiation of ischemic and non-is-
chemic CRVO. A Topcon-900 device (Topcon GmbH, Berlin,
Germany) was used for FFA and an Optovue device (Op-
tovue Inc., Fremont, CA, USA) was to perform OCT. Is-
chemic CRVO was defined as a non-perfused area of >10
optic discs observed with FFA. Venous dilatation-tortuosity,
retinal hemorrhage in all quadrants, and cotton wool spots
were diagnosed as CRVO.

Participants' venous blood samples were genotyped for
factor V Leiden, Factor Il (G20210A), MTHFR AIl298C,
MTHFR C677T, and PAI-1 -675 4G/5G mutations. A factor
V Leiden kit (Roche Molecular Systems Inc., Pleasanton, CA,
USA) was used for factor V Leiden, and a Factor Il (prothrom-
bin) G20210A kit (Roche Molecular Systems Inc., Pleasanton,
CA, USA) was used for prothrombin genotyping according to
the manufacturer’s instructions. A LightMix human factor V
Leiden kit and a LightMix Factor |l G20210A kit (TIB Molbiol
GmbH, Berlin, Germany) were used as positive controls. For
MTHFR A1298C, MTHFR C677T, and PAI-1 -675 4G/5G mu-
tations, LightCycler FastStart DNA Master HybProbe (Roche
Molecular Systems Inc., Pleasanton, CA, USA) was used with
a LightMix Kit Factor XIII V34L kit (TIB Molbiol GmbH, Berlin,
Germany) containing specific primers and probes for MTHFR
A1298C, MTHFR Cé677T, and PAI-I -675 4G/5G. Reverse
transcription polymerase chain reaction was monitored in real
time. The gene polymorphism assessment was performed us-
ing a detailed melting curve analysis.
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The study data were analyzed using SPSS for Windows,
Version 14.0 (SPSS Inc., Chicago, IL, USA) statistical software
and Microsoft Excel (Microsoft Corp., Redmond, WA, USA)
with a significance level of p<0.05.

Results

The study included 33 CRVO patients (14 male, 19 female)
and 30 healthy controls (18 male, 12 female). All of the pa-
tients were diagnosed with CRVO (25 non-ischemic CRVO
and 8 ischemic CRVO) with an average age of 48.21 years
for the females (min-max: 23-74 years) and 51.86 years for
the males (min-max: 35-78 years). The healthy control group
had a similar age with no statistically significant difference:
47.8 years among the females (min-max: 23- 78 years) and
55.21 years among the males (min-max: 32-78 years). In the
CRVO group, 9 patients (30 %) had diabetes mellitus (is-
chemic CRVO: n=5, non-ischemic CRVO: n=4), |0 patients
(33%) had systemic hypertension (non-ischemic CRVO:
n=6; ischemic CRVO: n=4), 9 patients (30%) were cigarette
smokers (non-ischemic CRVO: n=7; ischemic CRVO: n=2),
3 patients (10%) had glaucoma (all non-ischemic CRVO), 3
patients (10%) were using anticoagulants (all non-ischemic
CRVO) (Table I).

Statistically, no differences were detected between the
CRVO groups and the control group in terms of diabetes
mellitus (p=0.058>0.05), hypertension (p=0.3>0.05), smok-
ing (p=0.923>0.05), glaucoma (p=0.06>0.05), or usage of an-
ticoagulant drugs (p=0.4>0.05). The patient medical histories
revealed a statistically significant difference in the presence of
a thrombotic event in the CRVO group (p=0.001<0.05; n=4)
versus the control group. The ischemic CRVO group had a

Table I. Patient characteristics

significantly higher rate of diabetes mellitus (p=0.002<0.05)
and hypertension (p=0.031<0.05) than the non-ischemic
CRVO group.

The results of DNA analysis for hereditary mutations
related to coagulation yielded a result of homozygous:
p=0.286<0.05, heterozygous p=0.123<0.05 for factor V Lei-
den; homozygous: no mutation observed in any participant,
heterozygous: p=0.137 for Factor Il G20210A; homozygous:
no mutation observed in any participant, heterozygous:
p=0.15 for MTHFR A1298C; and homozygous: p=0.127, het-
erozygous p=0.125 for PAI-1 4G/5G. No significant difference
was observed between the CRVO and the control groups
(p=0.131>0.05). There was a statistically significant differ-
ence in the MTHFR C677T results for both homozygous
(p=0.01<0.05) and heterozygous (p=0.01<0.05) mutations.
No difference was observed between the non-ischemic and
ischemic CRVO groups (p>0.05).

Discussion

In this study, we did not find any correlation between CRVO
and the factor V Leiden mutation. Factor V Leiden muta-
tions cause Factor V to be inactivated about 10 times slower
than normal, which is associated with venous thrombosis
(VT). The circulation slows, the generation of thrombin is
increased and the result is a hypercoagulable state (throm-
bophilia) in either the heterozygous or the homozygous
form. Activated protein C is responsible for the inactivation
of Factor Va and Factor Vllla in the coagulation cascade. In
the presence of a mutant Factor V (factor V Leiden), this
inhibition is interrupted, and blood clots form more rapidly
(12). However, these data are valid for thrombophilia in large

Participant Classification

CRVO NON-CRVO
Participant Features Male Female Male Female
Number of Participants 14 19 18 12
Average Age (years) 48.21 51.8 47.8 55.21
Ischemic CRVO 5 3
Non-Ischemic CRVO 18 7

ICRVO NCRVO ICRVO NCRVO

Diabetes Mellitus 3 3 2 | 6 4
Hypertension 2 | 4 3 3 5
Cigarette Smoking 5 | 2 | 6 3
Glaucoma 0 2 0 | 2 |

CRVO: central retinal vein occlusion; ICRVO: ischemic CRVO; NCRVO: non-ischemic CRVO.
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veins; the same may not be true for CRVO. We could not find
any study specifically examining CRVO and a Factor V Leiden
mutation. Some researchers (10) have found no statistically
significant relationship between RVO and Factor V Leiden
mutations. On the other hand, a meta-analysis reported a
significant correlation between the Factor V G1691A poly-
morphism and CRVO (13).

Another thrombotic mutation, Factor Il (prothrombin,
G20210A), is the change of an amino acid from glycine to
alanine at position 20210 of the 3’-untranslated region of the
prothrombin protein gene. This change increases the plasma
prothrombin level and raises the risk of VT 5 to 10 times by
leading to enhanced 3'-end formation and increased mRNA
and protein expression. Elevated prothrombin levels predis-
pose to VT (14). We did not observe any difference between
groups (p=0.137>0.05), and to our knowledge, no study in
the medical databases has specifically analyzed CRVO and
the prothrombin mutation.

Plasminogen activator inhibitor-1 (PAI-1) suppresses the
generation of active plasminogen, which eliminates fibrin
from plasma (I5). The most-studied single-nucleotide poly-
morphism of the PAI-1 gene is a single guanosine nucleotide
insertion/deletion (4G/5G) variation situated within the pro-
moter region, 675 base pairs upstream of the transcription
start site (16). The PAI-1 4G/5G mutation is reported to be
associated with an increased risk of VT venous thrombosis,
according to a recent meta-analysis (17). To our knowledge,
our study is the first examine a potential relationship to
CRVO. We found no significant correlation; however, Kuhli-
Hattenbach et al. (18) reported a positive correlation with
retinal vein occlusion, without specifying the type.

A MTHFR C677T mutation, either in heterozygous or
homozygous form, was determined to be a risk factor for
CRVO in our study, which was consistent with research per-
formed by Gao et al. (19) in a Chinese population. Although
there is a meta-analysis report on the contribution of high
levels of homocysteine in RVO pathology (20), the same
consensus does not exist for MTHFR (C777T) mutations.
Studies of different populations or ethnicities have had dif-
ferent results concerning (C677T) mutations (21). Yioti et
al. (22) from Greece and Ferrazzi et al. (23) from northern
Italy demonstrated that the MTHFR C677T mutation was a
risk factor for RVO.

Our results did not find a significant association with
respect to MTHFR A1298C. In addition, we found no sig-
nificant difference regarding cigarette smoking, diabetes, hy-
pertension, and mean age between the CRVO and control
groups. The primary limitation of our study, like many others
in the literature, is the small sample size. Further studies of
CRVO with larger population samples are needed.

In conclusion, we found that the MTHFR C677T muta-

tion was a risk factor for CRVO. Factor V Leiden (G1691A),
prothrombin (Factor Il G20210A), MTHFR (A1298C), and
PAI-1 5G/4G mutations were not determined to be specifi-
cally related to CRVO in this study.
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